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Modern medicine is developing towards application of endovascular techniques 
such as trans-arterial hepatic chemoembolisation. They displace classic open 
procedures. However, their correct planning and performance depend on the 
knowledge pre-operative detection of hepatic arterial anatomical variations. 
The main abnormality that may generate complications during radiological and 
surgical procedures is occurrence of an accessory hepatic artery. In the present 
study we propose our own classification of the variability observed in the vessels 
based on cases reported in the literature. It analyses more types of variations as 
compared to previous trials. A great advantage of this study is also a description 
of different pathological and frequently life-threatening conditions associated 
with hepatic arteries. This study is of value to medical practitioners, e.g. surgeons. 
(Folia Morphol 2022; 81, 3: 533–543)

Key words: accessory hepatic artery, liver vascularisation, aneurysm, 
morphological variations, hepatic artery, new classification, coeliac trunk, 
superior mesenteric artery, left hepatic artery, right hepatic artery

INTRODUCTION
An uninterrupted blood supply is an essential 

condition for every organ to maintain life [40]. Ana-
tomical variations of extrahepatic blood vessels are 
a common occurrence [37]. In the most dominant 
anatomical pattern the common hepatic artery (CHA) 
originates from the coeliac trunk (CT) [19]. Past the 
branch-off point, CHA runs forwards and laterally, 
reaching the superior surface of the duodenum [45]. 
Then it divides into the gastroduodenal artery (GDA) 
and the proper hepatic artery (PHA). GDA feeds into 
the pylorus and the proximal part of the duode-
num [2]. PHA runs between the layers of the lesser 
omentum, within the hepatoduodenal ligament, then 
reaching the hepatic hilum [2]. It is located there 

posteriorly to the portal vein (PV) [25]. This vessel 
divides into the left hepatic artery (LHA) and the right 
hepatic artery (RHA) [19]. They supply the right and 
left lobes of the liver, respectively [2].

The liver is the largest internal organ in the human 
body. It receives approximately 25% of total cardiac 
output at rest. Interestingly, the liver has dual blood 
supply [2]. Hepatic arteries feed this organ with highly 
oxygenated blood [35]. Nevertheless, it is only up to 
30% of the total blood supply. The remaining 70% is 
provided by PV [2].

We can define an accessory hepatic artery (aHA) 
as an additional arterial vessel that supplies the liver. 
It may fulfil a supportive function only or replace 
basic arteries supplying the organ [37]. Moreover, 

https://orcid.org/0000-0002-6414-9504
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these vessels are divided into left and right depend-
ing on which lobe of the liver they reach. The most 
common variations of such vessels are an accessory 
right hepatic artery (aRHA) arising from the superior 
mesenteric artery (SMA) and an accessory left hepatic 
artery (aLHA) originating from the left gastric artery 
(LGA) [22].

Hepatic arterial vascularisation may be related to 
serious disorders. The most serious ones are aneurysm 
and pseudoaneurysm. It is well-known that a ruptured 
aneurysm is a life-threatening condition [1]. It has 
been also reported that an aneurysm developing from 
an aHA is rather a rare condition [42]. Impairments 
such as stenosis and thrombosis of hepatic arteries 
are frequent complications following liver transplan-
tation. When left untreated, they can be dangerous 
for the patient’s life [13, 26, 29]. Interestingly, arte-
rioportal shunts which are a pathologic anastomosis 
between the hepatic artery and PV may occur [4, 13].

The aim of this study is to systematise the current 
knowledge on occurrence of aHAs and their varia-
tions. We also focus on clinical syndromes related to 
arterial hepatic vascularisation. Different diagnostic 
techniques are also presented. The analysed infor-
mation is crucial for proper performance of surgical 
procedures such as liver transplantation or pancre-
aticoduodenectomy. Therefore, the present study is 
particularly valuable for radiologists and surgeons.

EMBRYOLOGY
Knowledge of embryology is necessary to com-

prehend the origin of arterial variations in the liver 
[11]. Based on angiogenesis, hepatic vascular devel-
opment progresses during embryogenesis in order to 
form a complex network of hepatic vessels [43]. The 
embryonic liver in the 5th week of gestation contains 
three major veins, i.e. the umbilical veins, the vitel-
line veins and the cardinal veins. The vitelline veins 
are the major efferent vessels which transport the 
deoxygenated blood to the inferior vena cava. The 
left vitelline vein then involutes and blood is directed 
to the right vitelline vein, which enlarges and forms 
the hepato-cardiac part of the inferior vena cava [5]. 
Branches of the vitelline veins also form the hepatic 
vein. In contrast, the umbilical vein is involved in the 
development of the afferent hepatic venous system. 
However, it mostly degenerates. Only a part of the 
left umbilical vein remains and connects to the right 
vitelline vein via a ductus venosus. As the umbilical 
vein collapses, it is replaced by the portal vein as the 

main afferent vein [5, 43, 44]. The formation of the 
hepatic artery occurs later than the development of 
the veins [43]. The hepatic artery arises from the aorta 
and passes through the portal vein in the parenchyma 
and it gradually expands. After birth, there is closure 
of the umbilical arteries, veins and ductus venosus 
and they form the medial umbilical ligament, the 
ligamentum teres and the ligamentum venosum. 
Postnatal morphology involves blood supply to the 
liver via the hepatic artery and the portal vein and its 
outflow through the hepatic veins [5, 43, 44]. It can 
be hypothesized that arterial variations such as aLHA 
and aRHA are caused by differences in embryonic 
development and are remainder of the left and right 
embryonic hepatic arteries [11].

CLASSIFICATION OF ACCESSORY  
HEPATIC ARTERIES

The anatomy and various variants of the hepatic 
arteries have been thoroughly classified and character-
ised in the literature. In 1966 Michels [31] published 
the classification system in which he identified ten 
types of hepatic artery variations [31]. The classifi-
cation was based on 200 dissections. It contained  
a division into accessory and replaced hepatic arteries. 
The types of variants included differences in the supply 
of specific hepatic arteries. The classification, based 
on 1000 cases [22], was updated in 1994 by Hiatt et 
al. [22], who described six types (Table 1) taking into 
account the presence of accessory or replacement ves-
sels to reduce the division proposed by Michels [31].

Several scientists have also investigated the fre-
quency of the different types. Table 2 presents the 
investigation trials that analysed the greatest number 
of cases. Michels’s classification is based on dissec-
tions [31]. The study conducted by Hiatt et al. [22] 
involved observations of patients who underwent 

Table 1. Hiatt’s classification of hepatic arterial anatomic  
variants

Type Description

I CHA from CT (normal pattern)

II Accessory or replaced LHA from LGA

III Accessory or replaced RHA from SMA

IV Co-occurrence of accessory or replaced LHA from  
LGA and accessory or replaced RHA from SMA

V CHA from SMA

VI CHA from the aorta

Abbreviations — see text
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liver harvesting for orthotopic transplantation [22]. 
A similar method was applied by Abdullah et al. [3], 
Hanif et al. [20] and Koops et al. [25] who focused 
on abdominal angiography in their investigations 
[20, 25]. Moreover, Hanif et al. [20] examined only 
the population of Pakistan [20].

Based on the results demonstrated in Table 2, 
normal anatomy is evidently the most commonly oc-
curring one. Among the variants of aHA, aRHA arising 
from SMA is observed most frequently. A slightly less 
commonly occurring one is aLHA branching off from 
the LGA. The other types are rare.

The occurrence of aRHA branching from SMA  
(Fig. 1) is widely reported in the literature [12, 14, 28, 
32, 48]. This is definitely the most common variant of 
aRHA categorised as type III in the Hiatt’s classification 
[22]. Li et al. [28] described the case of a 67-year-old 
female patient who was diagnosed with intrahepatic 
bile duct cancer [28]. A computed tomography scan 
revealed aRHA arising from SMA. The accessory ves-
sel passed through the right posterior side of the 
portal vein, then it was wrapped from the posterior 
to anterior side to its right branch and it distributed 

blood in the right anterior part of the liver, supplying 
segments V and VIII [28]. The same variation was also 
reported by Yu et al. [48]. In a 47-year-old female, 
aRHA originating from SMA was detected during 
liver transplantation surgery. The vessel supplied the 
posterior segment of the liver graft [48].

The literature also reports a rare retroportal course 
of aRHA from LHA [30] (Fig. 2). This variation was 
identified in the liver of a 52-year-old male. We can 
observe the arterial vessel located distally to the bi-
furcation of the portal vein which supplies the right 
posterior segments VI–VII [30].

Also, aRHA may branch off from GDA (Fig. 3). 
This case was discovered by Yamashita et al. [47] in 
a 41-year-old female patient with gallbladder cancer 
[47]. Three-dimensional angiography revealed that 
aRHA was running in front of the common bile duct 
into the anterior segment of the liver. Interestingly, 
the cholecystic artery branched off it. Thus, aRHA 
supplied blood both into the liver and the gallblad-
der [47].

In the literature there are also reports on two  
capabilities of aRHA branching from the CT [8, 34]. 

Table 2. Summary of variants of accessory hepatic arteries presented in the literature

Type Hiatt et al. [22] 
(n = 1000)

Michels et al. [31] 
(n = 200)

Hanif et al. [20]  
(n = 1000)

Koops et al. [25]  
(n = 604)

Abdullah et al. [3] 
(n = 932)

Normal pattern 75.7% 55% 64.4% 79.1% 68.1%

aLHA from LGA 9.7% 18% 13.5% 3% 8.1%

aRHA from SMA 10.6% 18% 12.1% 11.9% 10.2%

aLHA + aRHA 2.3% 4% 7.3% 1.3% 6.4%

Others 1.7% 5% 2.7% 4.7% 7.2%

Abbreviations — see text

Figure 1. Type III, subtype A — accessory right hepatic artery  
arising from superior mesenteric artery.

Figure 2. Type II, subtype C — accessory right hepatic artery 
branching from left hepatic artery.
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One of them is the case of trifurcation variation of CT 
that contains aRHA (Fig. 4). CHA, the splenic artery 
(SA) and aRHA originate from the common arterial 
trunk and LGA arises directly from the abdominal 
aorta [34]. The second one is the case of a four-branch 
trunk (Fig. 5). The CT gives off three basic arteries, 
i.e. CHA, SA, LGA, and an additional fourth branch, 
i.e. aRHA [8].

Another unusual phenomenon is the branching of 
aRHA from LGA (Fig. 6). Such an anatomic variation 
was discovered in a female who died at the age of 
92 years. An aHA arising from LGA and reaching the 
left lobe of the liver is definitely more frequent. In the 
described case, LGA branches off CT. After running  
a short course, it divides into three branches. Two of 
them are abnormal large gastric arteries and the third 
one is aRHA. In this study the course of this vessel 

was carefully explored. It has been confirmed that it 
supplies the right lobe of the liver [37].

Also, the presence of aRHA arising from the right 
renal artery (RRA) (Fig. 7), was identified on renal com-
puterised tomographic angiogram by Darsan et al. [10]. 
There were two reported cases of subjects with the 
anatomical variation. However, the courses of accessory 
vessels were different. In the first case a 46-year-old fe-
male had aRHA that branched from RRA near its origin 
from the abdominal aorta. Then, it passed aloft behind 
the inferior vena cava and ramified in the right lobe of 
the liver. In the second case involving a 50-year-old male, 
aRHA branched from RRA close to the renal hilum. Then, 
it passed along the right crus of diaphragm. The aRHA 
also supplied the right lobe of the liver [10].

In the literature there are also cases presenting 
aRHA that originates from CHA (Fig. 8). The case of 

Figure 3. Type II, subtype D — accessory right hepatic artery  
originating from gastroduodenal artery.

Figure 4. Type I, subtype A — accessory right hepatic artery 
branching from trifurcation variation of coeliac trunk.

Figure 5. Type I, subtype B — accessory right hepatic artery  
originating from four-branch coeliac trunk.

Figure 6. Type I, subtype C — accessory right hepatic artery  
arising from left gastric artery.



537

M. Malicki et al., Accessory hepatic artery

a 65-year-old Caucasian female shows this kind of an 
abnormality. The CHA arose from the coeliac trunk, 
which is a typical condition. However, after a course 
of 9 mm it branched off aRHA. The vessel passed 
behind the portal vein and supplied the right lobe 
of the liver [40].

The occurrence of aRHA arising from the SA (Fig. 9)  
was also reported in the literature by Caruso et al. [6].  
In the case of a 67-year-old cadaveric organ donor, 
aRHA crossed downward and parallel to CHA, after 
branching from SA. Then it passed behind the gas-
troduodenal artery and the common bile duct. Ulti-
mately, aRHA ran along the right side of the portal 
vein and entered the right lobe of the liver [6].

There also occur cases of aRHA branching off 
directly from the periphery of the abdominal aorta 
(Fig. 10) [12]. 

The occurrence of an aLHA is less prevalent than 
the aRHA [35]. In the literature, the most commonly 
described kind of variation is aLHA arising from LGA 
[12, 14, 20, 38] (Fig. 11). It is the type II according to 
the Hiatt’s classification [22]. During dissection of the 
cadaver of a 94-year-old man, such an abnormality 
was identified. The aLHA originated from the branch-
ing area of LGA and then it ran upwards supplying 
blood to the left liver lobe [38].

In some individuals, aLHA branches off from SMA 
(Fig. 12) [12, 20].

A rare occurrence of aLHA leading from CHA (Fig. 13)  
has also been reported. In the case of a 55-year-old 
male, aLHA was extending opposite to GDA and ran 
upwards and medially to PHA [35].

Another interesting phenomenon are patients in 
whom both aHA occur simultaneously in addition to 

Figure 7. Type IV — accessory right hepatic artery originating from 
right renal artery.

Figure 8. Type II, subtype A — accessory right hepatic artery  
originating from common hepatic artery.

Figure 9. Type I, subtype E — accessory right hepatic artery 
branching from splenic artery.

Figure 10. Type V — accessory right hepatic artery arising from 
abdominal aorta.
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the normal arterial supply (Fig. 14). In the case of an 
adult male cadaver, a triple arterial blood supply to 
the liver was observed. There were also reported cases 
of aLHA arising from the LGA and running upwards in 
the hepatogastric ligaments. At the same time, aRHA 
originated from SMA and ran behind the common 
bile duct in the hepatoduodenal ligament [11]. Such 
arterial anomalies result from differences in embryon-
ic development. However, it may cause complications 
associated with diagnostic and surgical procedures 
in the epigastric region [11]. Similarly, we identified  
a case of a 67-year-old female with both aHA, which is 
an example of type IV in Hiatt’s classification [22]. The 
aLHA arose from LGA, whereas the aRHA originated 
from SMA, crossed the right posterior portal vein 
and distributed blood to the right anterior region of 
the liver to supply segments V and VIII [28]. Another 

unusually rare case of coexistence of aLHA and aRHA 
was noticed during a dissection of a human cadaver. 
The aLHA arose from CHA, supplying the stomach 
and the left liver lobe. The aRHA originated from 
GDA, running behind the cystic duct and then into 
the liver [24].

We proposed a new classification of aHA origins 
with a division into types and subtypes including all 
departures described in the literature (Table 3). This 
classification does not focus on the physiological 
significance of these arteries. Therefore, we do not 
divide them into accessory and replaced ones. Never-
theless, they are classified into right and left arteries 
depending on which part of the liver they supply. It 
is not a classification that serves didactic purposes; 
however, it is intended for clinicians in whose work 
liver vascularisation plays a key role. Therefore, it 

Figure 11. Type I, subtype D — accessory left hepatic artery 
branching from left gastric artery.

Figure 12. Type III, subtype B — accessory left hepatic artery 
branching from superior mesenteric artery.

Figure 13. Type II, subtype B — accessory left hepatic artery  
arising from common hepatic artery.

Figure 14. Type VI — co-occurrence of accessory right hepatic 
artery and accessory left hepatic artery.
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avoids a complex division in order to create a clear 
and easy to read set of information. Our aim is to 
collect knowledge of all possible variations, which is 
essential in surgical specialties.

The classification includes six types in total. We 
distinguish type I in which aHA originates from CT 
and its branches, except for the branches associated 
with CHA. The arteries extending from CHA represent 
a separate category, i.e. type II to reduce the number 
of subtypes. This results in a classification that is 
readable for an analysis by researchers. Most of the 
types are related to aRHA. Only three of them refer to 
aLHA. However, the last type involves co-occurrence 
of both accessory arteries. 

CLINICAL SIGNIFICANCE OF THE  
ACCESSORY HEPATIC ARTERY

Accessory hepatic arteries are frequently smaller 
than basic arterial hepatic vessels [40]. Nevertheless, 
they are functionally relevant [40]. We reviewed a case 
study that support this statement [15].

A 31-year-old male suffered in a motor vehicle 
collision. A CT scan of the chest, abdomen and pelvis 
demonstrated internal injuries. The most important 
one, in the context of the issue discussed in this 

article, was a pancreatic head haematoma which 
triggered interruption of arterial flow in the CHA. The 
examination also showed the presence of aLHA [15]. 
During surgical intervention it was observed that the 
liver parenchyma was still viable. The aLHA developed 
a rich net of collateral arterial vessels with the inferior 
phrenic artery. The additional source of liver blood 
supply was high significant in the case. Therefore, any 
major signs of acute liver ischaemia were not noticed. 
Despite extensive injuries, the patient suffered only 
temporary and limited ischaemic changes [15]. After 
one month following the accident, angiography, com-
puted tomography and magnetic resonance imaging 
were performed. An enlargement of aLHA becoming 
the dominant arterial vessel was observed.

We can use this rare case as an example of “in 
vivo” presentation of clinical significance of additional 
hepatic artery occurrence. It has also been suggest-
ed that the well-known liver resilience to arterial 
ischaemia is a result of occurrence of other possi-
ble liver arterial flow sources [15]. It is obvious that  
a variable course of such vessels and functional signif-
icance cause complications during various abdominal 
procedures. Vessel damage may lead to dangerous 
bleeding. That is why it is so important to identify ad-
ditional hepatic arteries preoperatively. It allows you 
to plan a correct procedure which often determines 
the success of a surgery [47].

However, it has been reported that the pres-
ence of aHA can be beneficial in the context of rare 
surgeries. Paloyo et al. [36] presented a case of  
a 64-year-old male. The patient underwent ortho-
topic liver transplantation. Interestingly, he suffered 
from portomesenteric vein thrombosis. It affected 
the portal vein, too. Such a pathological condition 
is a contraindication against liver transplantation. 
However, current achievements in surgical techniques 
can solve this problem. There are various options such 
as thromboendovenectomy, portocaval hemitrans-
position, renoportal anastomosis or arterialisation 
of PV. Thromboendovenectomy was performed as  
a first-choice procedure. Unfortunately, PV flow was 
still marginal. Another method had to be used in this 
case. Based on preoperative computed tomography 
the presence of aRHA branching from SMA was iden-
tified [36]. Thanks to this abnormal condition, PV 
arterialisation could be performed. The aRHA was 
accessible. Surgeons created end-to-end anastomosis 
between the additional hepatic artery and the recip-
ient’s PV. It was a highly effective and easy method 

Table 3. New classification system based on the available  
literature by Malicki et al. (current study)

Type Description

I aHA from CT and its branches (except for  
the branches associated with the CHA)

A aRHA from trifurcation variation of CT

B aRHA from four-branch CT

C aRHA from LGA

D aLHA from LGA

E aRHA from SA

II aHA from CHA and its branches

A aRHA from CHA

B aLHA from CHA

C aRHA from LHA

D aRHA from GDA

III aHA from SMA

A aRHA from SMA

B aLHA from SMA

IV aRHA from RRA

V aRHA from AA

VI Co-occurrence of aRHA and aLHA

Abbreviations — see text
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of increasing portal flow. Doppler ultrasonography 
confirmed turbulent flow and increased pulsatility. 
Four years following liver transplantation, the patient 
had normal liver function. It is an extremely rare 
use of the presence of an aHA in order to facilitate  
a surgical procedure. Nevertheless, it shows that an-
atomical variations are not always an obstacle for 
surgeons only [36].

An aHA can be associated with various pathologic 
liver conditions. Vascular variants trigger many clinical 
syndromes [13]. In the present study, we focus on 
disorders related to liver arterial flow. 

THROMBOSIS
Hepatic artery thrombosis frequently occurs as  

a complication following liver transplantation. Other 
surgeries such as Whipple procedure may also lead 
to this kind of thrombosis [13]. It is a life-threatening 
condition. It has been estimated that this disorder 
occurs in 2.5–9% of adults and in 9–15% of paediatric 
population [18].

There is no evidence in the literature that hepatic 
arterial abnormalities have an impact on the frequen-
cy of hepatic artery thrombosis incidence. However, it 
is clear that the presence of accessory arteries increase 
the number of anastomosis procedures that have to 
be performed during transplantation. It makes the 
technical aspect of the surgery more difficult. Despite 
this fact, it has been suggested that liver with vascu-
lar variations can be transplanted without increased 
risk [17]. Thrombosis complications require revas-
cularisation. Unfortunately, this method often fails. 
It results in necessary re-transplantation [18]. Most 
often, early hepatic artery thrombosis is recognised 
during a routine postoperative ultrasound examina-
tion. This form of the disease is asymptomatic. If the 
thrombosis is not diagnosed in time, various compli-
cations can develop. The most significant one is liver 
parenchyma and duct ischaemia [21]. Interestingly, 
development of collateral arterial vessels can prevent 
liver failure. It has been reported that such patients 
are in good condition despite diagnosed irreversible 
hepatic artery thrombosis [17]. Prevention strategies 
can also play an important role. According to previ-
ous studies, implementation of acetylsalicylic acid 
therapy following liver transplantation may reduce 
the risk for occurrence of the disorder. The introduc-
tion of microvascular surgery is useful, too. An early 
diagnosis gives the chance for successful treatment. 

Therefore, the use of Doppler ultrasonography may 
be essential [9].

STENOSIS
Hepatic artery stenosis (HAS) is one of the com-

mon complications following orthotopic liver trans-
plantation. According to previous studies, the fre-
quency of this disorder ranges from 3.5% to 11%  
[26, 29]. We have not reviewed any papers contain-
ing a case report of the development of stenosis in 
relation to aHA. However, we speculate that this is  
a potential phenomenon as there are cases where 
this artery replaces the classic hepatic artery and 
becomes a significant provider of blood for the liver. 
Presumably, in a patient with aHA who has undergone 
liver transplantation, the vessel stenosis may occur as 
a classic post-operative complication following this 
type of surgery.

Most often, HAS is asymptomatic. However, it 
may result in hepatic artery thrombosis. It can also 
lead to liver ischaemic and biliary strictures [27, 29]. 
There are various well-known risk factors. The most 
relevant one, in the context of the analysed issue, is 
complex donor hepatic artery anatomy. It is also re-
lated to a prolonged operative time [27]. The choice 
of treatment method is a matter of discussion in the 
literature. Surgical management such as aorto-hepat-
ic bypass or re-anastomosis following the resection 
of a stenotic segment is always an option for HAS. 
However, achievements in the recent years have made 
endovascular procedures a golden standard now-
adays. Interventional radiology offers less invasive 
medical procedures and uses local anaesthesia only. 
Therefore, these techniques have advantages over 
conventional vascular surgery. Two main endovascular 
methods are percutaneous transluminal angioplasty 
and stenting. As for their efficiency, there are no 
significant differences between them. Nevertheless, 
using percutaneous transluminal angioplasty results 
in more common HAS recurrence than following 
stenting. That is why it was suggested that stent-
ing could be a first-line treatment [29]. However, 
according to Pulitano et al. [41] study, endovascular 
treatment is given in the case of graft impairment or 
ischaemic biliary strictures. This kind of therapy is ben-
eficial because it may reduce further graft damage. 
Endovascular methods should not be performed in 
asymptomatic patients or those diagnosed at a late 
stage of the disease [41].
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ARTERIOPORTAL SHUNTS
It is the most common intrahepatic vascular shunt. 

We can also distinguish other types such as arterio-
venous, portosystemic, portoportal or venovenous 
shunts. It is a kind of pathological anastomosis be-
tween the portal vein and the hepatic artery. It pro-
vides direct communication between these hepatic 
vessels. According to the laws of physics, oxygenated 
blood flows into the portal vein under high pressure. 
This process facilitates detection of this disorder by 
dynamic contrast-enhanced computed tomography 
or magnetic resonance imaging. The scan is charac-
terised by an occurrence of a wedge-shaped geo-
graphic region. The arterioportal shunt is frequently 
a result of iatrogenic trauma such as liver biopsy. It 
may also be a concomitant disorder of haemangio-
mas or hepatocellular carcinoma. Most often such  
a shunt is asymptomatic [4, 13]. In the literature, there 
is no evidence proving an association between the 
presence of arterioportal shunts and the occurrence 
of aHA. However, this condition of aHA is probably 
possible. Since direct communication between the 
classical artery and portal vein is possible, a similar 
anastomosis between the artery and portal vein may 
be created in patients with aHA.

ANEURYSM
We can define aneurysm as a pathological dilata-

tion of a blood vessel. However, this basic definition 
is too general. Therefore, a better classification is 
required. The exact pathophysiology of aneurysm is 
still unclear. Nevertheless, many risk factors are well-
known [23]. Among them the most important ones 
are obesity, atherosclerosis, hypertension, peripheral 
artery disease, peptic ulcer disease. It has also been 
suggested that tobacco and alcohol consumption 
are closely related to aneurysm development [39].

Hepatic artery aneurysm (HAA) is a rare clinical 
condition. It has been estimated that HAA accounts 
for 20% of visceral aneurysms. It makes HAA the 
second most common visceral aneurysm following 
splenic artery aneurysm (SAA) [1].

Development of aHA aneurysm has been also 
reported. However, it is extremely rare [42]. Serena 
et al. [42] described a case of a 71-year-old Cauca-
sian female who presented with aLHA mycotic pseu-
doaneurysm. Probably, the aetiological factor of this 
disorder was Clostridium difficile. Interestingly, the 
location of pseudoaneurysm precluded open surgery 
or percutaneous thrombin injection. Therefore, coil 

of this lesion was performed. Antibiotic therapy was 
also introduced [42].

Aneurysms have been divided into two main types. 
The first group are true aneurysms which have a wall 
consisting of all layers of vascular structure. They are 
related to arterial fibrodysplasia, polyarteritis nodosa, 
vasculitis, systemic lupus erythematosus. The second 
type are pseudoaneurysms that have a fibrous sac 
without the endothelium or vascular wall structure. 
The other term for this type is “false aneurysm”. It 
develops as a result of blunt or penetrating inju-
ries. However, the most common cause is iatrogenic 
trauma such as biopsy [4, 13, 23]. Interestingly, an 
infection may also result in this disorder. Mycotic 
aneurysms have been described in the literature [42]. 
True aneurysms are most often asymptomatic. Some-
times, patients may complain of abdominal pain. 
Therefore, these lesions are identified accidentally 
on imaging tests.

Hepatic artery aneurysm is a severe disorder. Rup-
ture of HAA is a life-threatening condition. It can 
affect the peritoneal cavity, hepatobiliary tract, stom-
ach or the duodenum. The frequency of HAA rupture 
ranges from 20% to 80% [1].

There are plenty of treatment strategies. An open 
repair procedure is surgical excision of an aneurysm 
and reconstruction of liver vascularisation. An arterial 
by-pass may be required [46]. Obviously, there are 
other less invasive techniques such as trans-arterial 
embolisation or covered stent placement [39]. There 
are no significant differences in overall mortality and 
post-operative complications between the traditional 
and endovascular treatment methods. However, the 
latter reduces the time of hospitalisation. Further-
more, it is beneficial for elderly patients since because 
of their age surgery may be contraindicated in some 
individuals. Therefore, endovascular treatment is rec-
ommended [16]. Currently, an aneurysm which has  
a diameter greater than 2 cm and non-atheroscle-
rotic origin are main symptoms that predispose to 
intervention [33].

HEPATOCELLULAR CARCINOMA
Accessory hepatic arteries may also play an im-

portant role in cancer development. They can supply 
tumours. According to previous studies, this type of 
cancer has almost exclusively arterial vascularisation. 
The knowledge of liver vascular abnormalities is also 
essential for proper performance of chemoembolisa-
tion. It is a highly recommended treatment approach. 



542

Folia Morphol., 2022, Vol. 81, No. 3

The other options are only surgical hepatic resection 
or liver transplantation [7].

CONCLUSIONS
The functional importance and variable courses of 

aHA create a risk of complications during abdominal 
procedures. Their occurrence may also be associated 
with development of pathological conditions. There-
fore, preoperative diagnosis of these arteries plays an 
important role. It enables radiologists and surgeons 
to obtain all significant information and properly plan 
the surgical procedure in advance. 

Conflict of interest: None declared 
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There are several types of morphea with different levels of connective tissue 
involvement and morphological manifestations.
In this mini review, it was pointed out the most important morphological and 
clinical aspects of localised scleroderma in the oral cavity. The case presented in 
this article supports the scientific information and is described with details. The 
morphea of mucous membrane which was clinically suspected, was proved by 
histopathological examination of the sample. 
The unusual location of the local findings posed a diagnostic challenge. The 
case history should be significant due to the low number of studies. The special 
attention should be taken to match the clinical with pathomorphological picture 
in localised scleroderma diagnosis and treatment when the involvement of skin 
and oral mucosa is. (Folia Morphol 2022; 81, 3: 544–550)

Key words: linear scleroderma, oral cavity, oral mucosa

INTRODUCTION
Scleroderma is the disease of connective tissue 

which primarily affects the mucous membrane or 
skin with their thickening and hardening. There are 
two types of scleroderma listed in the literature: 
the first type is morphea — localised form and the 
second type is systemic sclerosis or systemic scle-
roderma [5].

Morphea is a disorder which generally affects 
skin but may also influence the muscles and bone 
structure. The systemic sclerosis mostly involves the 
internal organs, such as the heart, oesophagus, kid-
neys and lungs. The severity and outcomes of sys-
temic scleroderma vary. Microscopic appearance of 
scleroderma depends on the stage of the disease. 
For a correct histopathological diagnosis, the skin 
sample should contain subcutaneous tissue, what is 
related to the fact that morphological anomalies are 

best visible in the transition area between the dermis 
and the subcutaneous tissue.

Early lesions are difficult to diagnose. Clinically, 
they are described as discoloured, pale macula. His-
tology is not characteristic. In the early stage of the 
disease, periadnexal and perivascular lymphohistio-
cytic inflammatory infiltration is found histologically, 
as well as a denser, homogenized collagen. In the area 
of blood vessels, this collagen is more eosinophilic. 
This is the cause of periadnexal fat reduction or dis-
appearance. The collagen formed at this early stage 
can penetrate into adipose tissue as pseudopods 
and may be followed by an inflammatory infiltrate. 
A tumefied endothelium with decreased lumen may 
be visible on dermis and subcutaneous tissue [15].

More advanced stages show no clinical signs of 
inflammation, but the fibrosis of the dermis is evident 
and progressively spreads over the adipose tissue. 
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The histological pictures and diagnosis of more ad-
vanced lesions are more foreseeable. At this stage, 
the dermal collagen is eosinophilic and homogenized. 
There is no inflammatory infiltrate that already shows 
atrophy. The vessels of the subcutaneous tissue show 
a thickened wall and significantly decreased lumen 
size. The destruction of adipose tissue clinically man-
ifests as the depression of the skin and replacement 
of adipose tissue by sclerotic collagen is best visible 
when compared with a contralateral normal skin [5].

Aetiology and pathogenesis 

The aetiology of scleroderma is not fully known. 
Some environmental factors like silica or organic sol-
vents may play an important role. It may be also 
triggered by viral or bacterial (Borelia burgdorferi) 
infections [14].Genetic factors have been also impli-
cated [1]. Some forms of morphea are activated by 
trauma or associated with an autoimmune process. 

The pathogenesis of localised and systemic scle-
roderma appears to be similar and complex. It may 
involve such syndromes as the facial tissues and the 
ipsilateral brain parenchyma, which contains pro-
genitor cells. The proposed explanation for cortical 
dysgenesis as a cause of scleroderma development is 
put forward. It is a developmental defect that affects 
the rostral neural tube unilaterally. It is sometimes 
characterised as a neurocutaneous syndrome in which 
cutaneous manifestations are strictly connected with 
primary brain malformations.

A clone of vulnerable cells would develop lesions 
following the Blaschko’s lines. According to these hy-
pothesis there is a possibility that genetic mosaicism 
is a determining factor for the linear distribution of 
the sclerosis process. This theory would explain why 
multiple frontoparietal lesions are observed [2].

Since some skin lesions are seen on the area sup-
plied with trigeminal nerve branches, the disruption 
of sympathetic fibres is also regarded as an aetiolog-
ical factor [16]. Overall, inflammation with probable 
autoimmune factors and embryological disease such 
as genetic mosaicism appears to be more clearly asso-
ciated with localised scleroderma aetiopathogenesis.

Three primary mechanisms contribute to the de-
velopment of scleroderma: autoimmune phenom-
ena, excess fibrosis and vascular anomalies. Those 
anomalous interactions between endothelial cells, 
fibroblasts, and lymphocytes (B and T) lead to mi-
crocirculatory vascular involvement. The endothe-
lial cells generate great amounts of endothelin 1, 

causing vasoconstriction and fibroblast activation. 
Furthermore, fibroblasts and activated endothelial 
cells produce reactive oxygen species that accelerate 
vascular remodelling, leading to obliteration of small 
vessels. Activated fibroblasts readily differentiate into 
myofibroblasts, which have an increased ability to 
synthesize collagen [3]. 

Epidemiology 

Scleroderma is not a common disease. Its preva-
lence varies according to gender, ethnicity and geo-
graphical area. Although systemic scleroderma is rare 
in children and the elderly, it can occur at any age. The 
disease is most common in people aged 30–50 years. 
As with many other autoimmune diseases, women 
are at greater risk than men (F:M = 4.6:1). Taking the 
United States as an example, the overall incidence 
rate among adults is approximately 20 per million 
per year. This rate has increased between 1944 and 
1973, but has been relatively stable since that time. 

Localised scleroderma is relatively rare with around 
0.3 to 3 cases per 100,000 inhabitants annually. Prev-
alence is similar in children and adults. Ninety per 
cent of children are diagnosed between the ages of 
2 and 14, whereas for adults the peak incidence is in 
their fifth decade. It is more common in Caucasian 
women (F:M = 2–4:1) [23]. 

Morphea

There are several subtypes of morphea distin-
guished in the literature with different clinical man-
ifestations and levels of connective tissue involve-
ment. Each subtype may affect the face with varying 
intensity. Subtypes are not exclusive, different ones 
may be seen in the same patient. The subtypes may 
transform and coexist [15].  

The most widely used classification of morphea is 
Mayo Clinic Classification [23], which distinguished: 
generalised morphea; plaque morphea; bullous 
morphea; linear scleroderma — with subtypes in-
volving the head and face, linear scleroderma “en 
coup de saber”, progressive facial hemiatrophy with 
Parry-Romberg syndrome and deep morphea [17]. 
Laxer and Zulian include five subtypes of morphea: 
circumscribed (superficial or deep), linear (superfi-
cial or deep), generalised, pansclerotic, or mixed [4].  
A group of experts at the European Dermatology Fo-
rum proposed a classification of localised scleroderma 
(LS) that takes into account the extent and depth of 
fibrosis and includes the main five types as follow:  
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1. Limited type; 2. Generalised type; 3. Linear type;  
4. Deep type; 5. Mixed type, with some subtypes in-
side of every group. The authors consider eosinophilic 
fasciitis (Shulman syndrome) as a separate type within 
the spectrum of LS [8]. 

Plaque morphea is the most common form in 
adults and it is described as well-demarcated oval or 
round areas of hard and shiny mucous membrane or 
skin. In the very early stage, a violaceous halo around 
the plaque (“purple ring”) is sometimes observed. 
It can involve the skin and subcutaneous of several 
anatomical regions, usually on the trunk and proximal 
extremities [3]. Bullous type of morphea is rare and 
it is a mixture of such lesions as: blisters, erosions, 
and the more common plaques. In deep morphea,  
a single lesion is observed, usually on the upper trunk, 
near the spine. The skin over it may look normal, 
atrophic, or may be hardened with depression. Typ-
ically, the dermis, adipose tissue and muscles are 
affected. Associations with vaccine administration 
or intramuscular injection of vitamin K have been 
reported in some cases [24].

In generalised morphea plaques and spots are 
observed in more than 2 places on the body. It is 
more frequent in women than in men. In some cases, 
exercise has been described as the trigger. Lesions are 
usually multiple (> 4), more than 3 cm in dimension, 
ill-defined, pigmented, indurated, and adhered to 
deep planes. Plaques are formed mainly on the trunk 
and limbs. Hardening is relatively quick within a few 
months, but no signs of acute inflammation such as 
swelling and erythema may be observed [13]. 

Linear scleroderma is described as a linear indu-
ration, usually single and unilateral, involving the 
dermis, subcutaneous tissue, muscle, and underlying 
bone. The lesions are seen mostly on the extremities, 
face, or scalp. They often follow Blaschko’s lines. 
Growth disturbance and ankylosis may be found 
in cases in which muscles and bone are affected. 
Close to 67% of patients with linear scleroderma 
are children before 18 years of age. It affects males 
and females equally. In almost one-half of patients 
with linear scleroderma, a combination with another 
subtype of localised scleroderma is observed — so- 
-called mixed morphea. Localised facial scleroderma 
associated with linear sclerosis or plaque morphea 
elsewhere (most often on the torso) is typical for 
children. Changes located on the scalp can cause 
alopecia with a linear distribution and the affected 
area is often atrophic or depressed. The skin which 

covers the lesion is smooth, shiny, hard, and some-
times pigmented. It tends to deform the bone and 
it is usually unilateral, affecting the parietal region. 
It can extend to the cheek and nose areas as well as 
the upper lip [6].

Linear scleroderma “en coup de sabre” is a slowly 
progressive disease limited to the hemiface. In this 
type of scleroderma, stiffness and contractions of the 
affected area are noticeable first, followed by the area 
of linear alopecia, extending from the parietal area 
to the scalp. The depressed area/line often covers the 
area of the upper lip and nose, even reaching to the 
gingiva, spacing and changing the position of the 
teeth. Sometimes the lesions include the maxilla and 
mandible bones, which results in occlusal abnormali-
ties, delayed teeth eruption or atrophy of roots [18]. 
Children commonly have this particular form of linear 
scleroderma, but female individuals are more often 
affected (F:M = 3:1). 

Parry-Romberg syndrome, known as progressive 
facial hemiatrophy, is a rare disorder. It develops in 
the first and second decade of life, commonly affects 
the dermatomes of one or multiple branches of the 
trigeminal nerve. In the affected areas of the scalp, 
scarring alopecia, hardening of the skin and changes 
in its colour, such as depigmentation and hyperpig-
mentation, may be observed. These changes precede 
the atrophy of the subcutaneous tissue, skin, muscles 
and the underlying bone structures. This atrophy is 
usually unilateral [21]. The disease progresses slowly, 
becomes self-limited and stationary over time. The 
process usually takes 2 to 20 years. Progressive facial 
hemiatrophy may clinically resemble linear sclero-
derma. They may coexist in approximately 20–37% 
cases. In most cases, dermatitis and hardening of 
the skin are minor or absent, usually below the eye 
region. Linear scleroderma and progressive facial 
hemiatrophy are sometimes regarded as a spectrum 
of the same disease [7].

Introduction to the clinical presentation

Morphea is a form of linear scleroderma which 
can involve the head and neck region. The disease 
results in excessive deposition of collagen, sclerosis, 
and atrophy of the involved areas. The lesions may 
clinically present as hyper- or hypopigmented areas 
or ivory, atrophic plaques.

The progression of the disease may lead to the 
damage of skin, subcutaneous tissues, muscles, 
nerves, and bone resorption [11]. Histopathologic  
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evaluation usually shows homogenisation and thick-
ening of the dermal collagen, similar to scar for-
mation. Typically, linear morphea has no systemic 
involvement.

PRESENTATION OF THE CASE
A 35-year-old military pilot presented in the Out-

patient Clinic of the University Dentistry Centre to 
diagnose a white linear discoloration on the upper 
alveolar ridge. The patient reported a 6-month history 
of the lesion localised between teeth 11 and 12 and 
the upper lip. The white discoloration was noticed 
by him while military service in Afghanistan. Later 
on, the general dentist referred the patient to cover 
the gingival recessions of teeth 11, 12 to a dental 
surgeon. The clinical and radiological (radiography 
and cone-beam computer tomography) analysis let to 
diagnose the bone resorption localised between and 
above the apexes of the incisors of the 1st quadrant. 
The dental surgeon advised the bone regeneration 
and referred the patient for further treatment to the 
Department of Oral Medicine, Medical University of 
Lublin. During the clinical examination, the white 
patch and a white line on the upper lip leading to 
the vestibulum and teeth 11, 12 were noticed (Fig. 1).  
The pull syndrome was positive, the attached gingi-
vae were missing, roots were exposed 6 and 7 mm.  
The 1st degree mobility of teeth 11 and 12 was di-
agnosed, the teeth were checked for vitality, and 
the test was positive. The bleeding on probing and 
pocket depth was measured while routine dental 
examination. There were no signs of gingivitis or 

periodontitis diagnosed in the oral cavity. The patient 
was referred to the general practitioner and rheuma-
tologist to check-up. The blood tests were without 
significant changes. The unusual location of the local 
findings posed a diagnostic challenge. Discolorations 
continue to progress and the morphea was clinically 
suspected. The biopsy of the lesion was performed 
(Fig. 2). Histopathologic evaluation revealed atrophic, 
partly hyperplastic stratified squamous epithelium 
and dense, homogenised, deeply penetrating col-
lagen bundles (confirmed by van Gieson stain) with 

Figure 1. The lesion in the oral cavity before the diagnosis and the treatment. The white, hard, unpainful, unmovable lesion between upper 
incisors reaching the vestibulum and upper lip.

Figure 2. The situation in the oral cavity after the biopsy and the 
dental treatment. The lesion has been removed for the biopsy, the 
healing process and scaring is visible.
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a small number of fibroblasts and sparse, dispersed 
and perivascular inflammatory infiltration composed 
mostly of lymphocytes located in the deeper part of 
the lesion (Fig. 3A, B). After the results of the biopsy, 
the diagnosis of linear morphea was confirmed.

Due to the toothache of teeth number 11, 12 
and the progressing mobility of the incisors, the root 
canal treatment was performed and the teeth were 
splinted. The intraoral lesion was treated with 0.1% 
tacrolimus ointment under occlusive dressing applied 
twice per day topically. The treatment was admin-
istered for 4 months. The patient was observed on 
control visits every 2–3 months. During the therapy, 
the intraoral lesion was reduced and softened. After 
2 years of observation, a new plaque-like, hyperpig-

mented lesion, located on the right side of the nose 
was observed (Fig. 4). The patient was referred to 
the dermatologist, the topical treatment of the le-
sion with the use of 0.1% tacrolimus was continued. 
The lesion reduced the size and pigmentation after  
3 months of local treatment (Fig. 5).

The patient is under periodontal and dermato-
logical control, and the teeth localised in the lesion 
are still functioning without mobility. Further dental 
treatment will be focused on possible tissue and 
bone regeneration with the use of autogenic growth 
factors and stem cells. 

Figure 5. Coexisting lesion on the skin of the cheek after the  
8 weeks of the topical tacrolimus therapy. The lesion is limited  
after local treatment, became softer in palpation and paler.

Figure 3. A. Microscopic appearance of the oral morphea. Dense, homogenised collagen bundles with small number of fibroblast and sparse, 
dispersed and perivascular lymphocytic infiltration in the deeper part of the mucosa; haematoxylin and eosin stain; objective magnification 5×; 
B. Microscopic appearance of the oral morphea. Dense, homogenised collagen bundles with small number of fibroblast and sparse, dispersed 
and perivascular lymphocytic infiltration in the deeper part of the mucosa; van Gieson stain; objective magnification 5×.

A B

Figure 4. Coexisting lesion on the skin of the cheek before the 
treatment. The flat, hard, hyperpigmented lesion on the skin of the 
cheek. Based on the clinical examination the lesion is qualified as 
the progression of the morphea.
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DISCUSSION
Localised scleroderma is a rare disorder of the 

immune system and connective tissue with unknown 
aetiology, but environmental triggers, autoimmune 
phenomena, and genetic factors may contribute  
a role in the disease development [19]. The disease 
may attack the skin but also can extend to muscles. 
It must also be considered regarding local bone loss 
and gingival recession. Severe course of morphea is 
a potential cause of deformation and impairment. 
In almost all cases, the sclerosis process involves the 
skin alone. Involvement of the oral mucosa and teeth 
in case of morphea has been rarely reported. Tang 
et al. [22] in 2012 presented 25 cases described in 
literature and associated with oral and dental man-
ifestations. Our case with the described symptoms 
falls into this group too. The differential diagnosis of 
morphea should include chemical or physical burns 
and trauma. Initial clinical state can be difficult to 
diagnose, so the case history is significant. When 
the lesion is intraoral and affects the gingiva and 
alveolar ridge, dental care is necessary. Because of 
the low number of case reports published by now, 
the careful studying them before early diagnosis can 
allow to perform proper dental treatment and save 
the teeth located in the lesion. 

At present, there is no agreement how to treat 
localized scleroderma. Various therapeutic strategies 
have been presented in the studies based on clinical 
cases which include: topical or oral vitamin D, D-pen-
icillamine, phenytoin, cyclosporine, corticosteroids, 
methotrexate and interferon administration as well 
as psoralen-UVA photochemotherapy [20]. In the 
initial, inflammatory phase, topical use of strong 
corticosteroids is recommended. Local treatment is 
used in cases of more limited and superficial lesions 
[10]. The efficacy of the treatment of localised sclero-
derma is difficult to estimate due to the low number 
of described case reports. 

There is no standard modality for the treatment 
of intraoral scleroderma, either. Topical calcineurin 
inhibitors such as 0.1% tacrolimus ointment can ef-
fectively reduce skin thickening, hyperpigmentation, 
hardness, erythema, and contraction. Topical and 
intralesional corticosteroid therapy, according to the 
German guidelines applied for 1 or 3 months, has also 
shown positive effects. Relatively good results were 
obtained with topical treatment with a vitamin D  
analogue in combination with phototherapy using 

low-dose ultraviolet A1 and 0.005% calcipotriol oint-
ment applied twice per day [9].

The diagnosis of morphea basis on the rapid and 
advanced progression of skin lesions. The systemic 
treatment may be required and drugs of first choice 
are methotrexate and steroids [12]. Therefore, disease 
activity and subtype must be assessed before starting 
treatment.

CONCLUSIONS
In conclusion, because of unique cases of mor-

phea limited to the oral mucosa, both dentists and 
medical doctors should be familiar with the clinical 
presentation of morphea and consider its morphology 
especially in the presence of isolated whitish lines of 
plaques of the oral mucosa.

Its proper differentiation and careful observation 
are important to avoid significant local complica-
tions. Most of the patients with intraoral lesions 
were diagnosed until now in an advanced stage by 
dermatologists or rheumatologists and not by den-
tists. Therefore, special attention should be taken to 
the involvement of skin and oral mucosa in localized 
scleroderma recognition and treatment.
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“False” foramina and fissures of the skull are described as openings formed be-
tween the adjacent edges of two or more bones and not conduits directly through 
a single bone. Trauma and metabolic disorders appear to affect these foramina 
and fissures differently when compared to the “true” foramina and fissures. 
Therefore, the aim of this paper is to provide a narrative review of the current 
literature about “false” foramina and fissures of the skull and skull base with  
a focus on their clinical significance. (Folia Morphol 2022; 81, 3: 551–558)

Key words: pseudo, foramina, fissures, skull base, calvaria

INTRODUCTION 
The skull and skull base are the most complex bony 

structures in the human body. They must provide 
numerous passageways for arteries, veins, and nerves 
to enter and exit from the brain and surrounding 
intracranial structures. Many of the foramina that 
allow the passage of neurovascular structures are 
entirely contained within a single bone. The foramen 
rotundum and foramen spinosum located within 

the sphenoid bone are two examples [53]. However, 
additional “false” or pseudoforamina and fissures are 
openings formed between the adjacent edges of two 
or more bones. With similar logic, we have previously 
reviewed the so-called “false” ligaments that do not 
connect two bones together but rather begin and end 
on the same bone (e.g. suprascapular ligament) [50]. 
With similar logic, we here describe a “false” foramen 
as an opening or passage not within a single bone but 
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rather created by the approximation of two nearby 
bones. An example of such a foramen is the jugular 
foramen, which is situated between the temporal 
and occipital bones. As most medical dictionaries 
define a foramen as an opening through “a bone”, 
the present article identifies and provides a narrative 
review of the “false” foramina and fissures of the 
skull and skull base with a focus on their distinction 
from “true” foramina and their clinical significance. 
The term “false foramen” has been used by other 
authors [3, 7, 13]. However, the definition of false 
skull foramina has been loose, so that our review is 
the first attempt to establish a true definition and 
review the topic. Moreover, the notion of a false 
foramen does have significant clinical implications. 
Skull base fractures are more likely to injure structures 
traveling in a “true” skull base foramen than a “false” 
foramen as fractures are less likely to cross a foramen 
created between two adjacent bones. Therefore, the 
neurovascular structures contained within these pas-
sages are somewhat more protected. The present 
article identifies and provides a narrative review of 
the “false” foramina and fissures of the skull and 
skull base, focusing on their distinction from “true” 
foramina. The clinical significance of this distinction 
is also discussed.

REVIEW
Bony anatomy of the skull

The superior region of the skull, also known as 
the calvaria, is formed from parts of the frontal, 
occipital, and parietal bones [48]. The skull base or 
basicranium is formed from the inferior parts of those 
bones in addition to parts of the ethmoid, sphenoid, 
and temporal bones [44]. Inferior to the anterior 
region of the skull base, the facial skeleton or vis-
cerocranium consists of 14 bones: the inferior nasal 
turbinate bones (2), lacrimal bones (2), mandible (1), 
maxillae (2), nasal conchae bones (2), palatine bones 
(2), vomer (1), and zygomatic bones (2) [30]. Most 
skull bones are joined together by fibrous sutures that 
normally close during the first through sixth decades 
of life [20, 32].

The skull base is typically divided into anterior, 
middle, and posterior parts for convenience of or-
ganization. The anterior skull base consists mainly of 
the frontal and ethmoid bones in addition to parts 
of the sphenoid bone, and its posterior borders are 
the lesser wings of the sphenoid [45]. The inferior 
depression known as the anterior cranial fossa houses 

the frontal lobes of the cerebral hemispheres and 
allows for the passage of cranial nerve (CN) I fibres 
through the cribriform plate foramina. The named 
foramina include the foramen cecum and the anterior 
and posterior ethmoidal foramina, which transmit the 
anterior and posterior ethmoidal arteries and nerves, 
and ethmoidal veins.

The middle cranial fossa is formed from the occip-
ital, sphenoid, and temporal bones, the body of the 
sphenoid forming its anterior border and the basilar 
part of the occipital bone (anterior to the foramen 
magnum) its posterior border [29]. The middle cranial 
fossa contains many foramina and fissures: the optic 
foramen (canal), superior orbital fissure, foramen ro-
tundum, foramen ovale, foramen spinosum, foramen 
lacerum, the hiatuses of the greater and lesser pet-
rosal nerves, and the carotid canal. These constitute 
passages for CN II–VI or their major branches, the 
internal carotid artery (ICA), and numerous smaller 
arteries, nerves, and veins. 

The posterior skull base is formed from the sphe-
noid, temporal, and occipital bones and houses the 
cerebellum, pons, and medulla oblongata. The an-
terior borders of the posterior cranial fossa are the 
dorsum sellae, parts of the body of the sphenoid, and 
parts of the basilar part of the occipital bone [44]. 
The foramen magnum is the most significant pas-
sageway in the posterior cranial fossa and transmits 
the medulla oblongata, which continues inferiorly as 
the spinal cord, and the spinal and vertebral arteries 
[49]. In addition, the spinal part of the accessory nerve 
traverses this foramen. Additional named passage-
ways include the internal acoustic meatus, jugular 
foramen, and hypoglossal canal, which are passages 
for CN VII–XII and important vasculature, including 
the internal jugular vein [45]. Variant skull foramina 
include the orbitomeningeal, retromolar, and sphe-
noidal emissary foramina [27, 28, 31, 36]. 

False foramina and fissures of the anterior skull 

“False” foramina and fissures can be found in 
all three fossae of the skull base. A complete list is 
given in Table 1.

The foramen cecum (Fig. 1) is a small notch 
formed at the junction between the frontal crest 
of the frontal bone and the ethmoid bone [45]. It 
normally closes via ossification during the first few 
years of life; however, foramen cecum patency has 
been reported in adults and can manifest as a na-
soethmoidal encephalocele or dermoid cyst secondary 
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to dural extension of a dermoid sinus [2, 30]. It can 
transmit an emissary vein that runs from the nasal 
cavity to the superior sagittal sinus, thus paranasal 
sinus infections can spread to the intracranial cavity 
and cause meningitis and brain abscesses [45].

The sphenopalatine foramen (Fig. 2) is formed 
at the junction of the sphenopalatine notch of the 
palatine bone and the body of the sphenoid and leads 
from the pterygopalatine fossa to the nasal cavity 
[45]. While it is historically described as culminating 
in the posterior part of the middle nasal concha of 
the superior meatus, more recent anatomical studies 
have classified it on the basis of its openings to the 
superior and middle meatuses [52]. It transmits the 
sphenopalatine artery and vein, the posterior supe-
rior lateral nasal nerve, and the nasopalatine nerves 
[45]. The sphenopalatine foramen is clinically signif-
icant primarily in regard to epistaxis arising from the 
sphenopalatine artery, and anatomical variations can 
affect surgical planning and the outcome of proce-

dures such as sphenopalatine artery ligation [41]. It 
is also used as a target for pterygopalatine ganglion 
aesthetic blockade [22].

The palatovaginal canal (Fig. 3) is a passage from 
the pterygopalatine fossa to the roof of the pharynx 

Table 1. Summary of calvarial and skull base false foramina and fissures 

Skull location Name Surrounding bones Contained structures

Anterior Foramen cecum Frontal, ethmoid Emissary vein

Sphenopalatine foramen Sphenoid, palatine Sphenopalatine artery and vein, posterior superior lateral nasal nerve, 
nasopalatine nerves

Palatovaginal canal Sphenoid, palatine Pharyngeal branch of maxillary artery, pharyngeal nerve

Vomerovaginal canal Sphenoid, vomer None

Middle Foramen lacerum Sphenoid, temporal, occipital Meningeal branch of ascending pharyngeal artery, greater petrosal 
nerve, deep petrosal nerve, vidian nerve

Superior orbital fissure Sphenoid Cranial nerve III–VI branches, ophthalmic veins, branches of middle 
meningeal and lacrimal arteries

Inferior orbital fissure Sphenoid, maxilla, zygomatic bone Cranial nerve V branches, infraorbital artery 

Posterior Jugular foramen Temporal, occipital Inferior petrosal sinus, sigmoid sinus, cranial nerve IX–XI, meningeal 
branches of ascending pharyngeal artery and occipital arteries

Figure 1. Superior view of the foramen cecum. Figure 2. Inferolateral view of the left sphenopalatine foramen.

Figure 3. Inferior view of the left vomerovaginal and palatovaginal 
canals.
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located between the vaginal process from the me-
dial plate of the pterygoid process of the sphenoid 
bone and the sphenoidal process of the palatine 
bone [45]. The major structures it contains are the 
pharyngeal branches of the maxillary artery and the 
maxillary division of CN V. Additionally, anatomical 
variants of the sphenopalatine vasculature can trav-

Figure 4. Superolateral view of the right foramen lacerum.

Figure 5. Anterior view of the left inferior orbital fissure.

el through the palatovaginal canal and complicate 
epistaxis treatment [40]. Neoplastic spread through 
the palatovaginal canal has also been reported in the 
literature [40].

Medially, the vomerovaginal canal (Fig. 3), if 
present, is located between the alae of the vomer and 
the vaginal processes of the sphenoid bone bilaterally. 
It leads into the anterior end of the palatovaginal 
canal [45]. It is an inconstant canal and no major 
structures pass through it [35].

False foramina and fissures of the middle skull 

The triangular-shaped foramen lacerum (Fig. 4) 
is located posteromedial to the foramen ovale and is 
formed by the body and roots of the pterygoid process 
and the greater wing of the sphenoid bone anteriorly, 
the apex of the petrous part of the temporal bone pos-
terolaterally, and the basilar part of the occipital bone 
medially [45]. A meningeal branch of the ascending 
pharyngeal artery, the vidian artery and nerve (formed 
within the foramen by the greater petrosal and deep 
petrosal nerves), and an emissary vein pass through 
it. The lacerum segment of the ICA traverses it supe-
riorly but does not pass through it [32]. Normally, the 
inferior foramen lacerum fills with cartilage after birth. 
Partial occlusion has been reported and used to classify 
different foramen types, some of which necessitate 
alternative routes for structures that normally traverse 
the foramen such as the greater petrosal nerve [43]. 
The greater petrosal nerve, deep petrosal nerve, or 
vidian structures can also be compressed in cases of 
postnatal obliteration, leading to autonomic neurop-
athy. The foramen lacerum can provide a passageway 
for tumours to pass through the skull base, particularly 
if it is incompletely obliterated [38].

The inferior orbital fissure (Fig. 5) is located in 
the floor of the orbit and is formed from the greater 
wing of the sphenoid bone superiorly, the maxilla and 
orbital process of the palatine bone inferiorly, and the 
zygomatic bone laterally [45]. Branches of the maxil-
lary division of CN V are the major structures that pass 
through it. It is an important landmark for endonasal 
endoscopic and orbital surgeries [10, 37]. The fissure 
ends at the infraorbital foramen on the face [42].

False foramina and fissures of the posterior 
cranial fossa 

The irregularly-shaped jugular foramen (Fig. 6) 
is located at the posterior end of the petro-occipital 
suture and is formed anteriorly by the jugular fossa 

Figure 6. Superomedial view of the left jugular foramen.
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of the petrous portion of the temporal bone and 
posteriorly by the jugular process of the occipital bone 
[15, 16, 45]. Historically, this foramen was divided 
into two compartments by the bony jugular spine:  
a pars nervosa that contained CN IX, the inferior pet-
rosal sinus, and a meningeal branch of the ascending 
pharyngeal artery; and a pars venosa that contained 
the sigmoid sinus and CNs X and XI [24, 45]. Recent 
anatomical studies have yielded a three compartment 
classification: an anterior portion that transmits the 
inferior petrosal sinus, an intermediate portion that 
transmits CNs IX–XI, and a posterior portion that 
transmits the sigmoid sinus and meningeal branch-
es of both the ascending pharyngeal and occipital 
arteries [24, 25]. These compartments are separated 
by dural septa that connect opposing intrajugular 
processes of the temporal and occipital bones [29]. 
The jugular foramen is a common site of skull base 
tumours including paragangliomas (globus jugulare 
tumours), schwannomas, and meningiomas [13].

developmental differences and similarities

The skull is a developmentally complex structure 
to which both the neural crest and mesoderm con-
tribute. It undergoes both intramembranous and 
endochondral ossification [31]. The palatine and max-
illary bones are neural crest-derived intramembranous 
bones, and the occipital bone is a mesodermal en-
dochondral bone [33]. Therefore, both bone ossifica-
tion patterns form “false” foramina: the infraorbital 
fissure is formed from the maxillary bone and the 
jugular foramen from the occipital bone. The various 
ossification patterns of the foramen lacerum are pos-
sible owing to its formation within the endochondral 
bones [43]. Likewise, both ossification patterns form 
“true” foramina such as the palatine foramina (within 
the palatine bone) and hypoglossal canal (within the 
occipital bone). 

Studies on chick embryo models examining the 
development of the jugular foramen and hypoglos-
sal canal have shown that mesenchymal tissue first 
surrounds the contained blood vessel [33]. The mes-
enchyme is less dense than surrounding mesenchyme, 
which forms the cartilage of the non-foraminal bone. 
Next, the mesenchymal cells adjacent to the blood 
vessel and nerves change morphology to resemble 
perichondral cells. At this stage, the jugular “false” 
foramen appears different from the hypoglossal 
“true” foramen in that its shape conforms better to 
the contained blood vessel. However, no studies have 

examined the clinical significance of this difference. 
It is currently under debate whether blood vessels, 
nerves, or both are primarily responsible for directing 
the formation of foramina, and further studies could 
provide more information on developmental differ-
ences between “true” and “false” foramina. A better 
understanding of this embryology might lead to an 
improved understanding of patients who are prone 
to developing stenosis of various skull base foramina 
such as patients with achondroplasia and stenosis or 
narrowing of the jugular foramen. 

Skull fractures involving foramina and fissures

Traumatic skull base injuries can pose significant 
challenges to surgeons because of their complex 
anatomy and symptomatology. The orbit is a common 
place for fractures owing to its relative weakness [25]. 
Fractures of the superior orbital fissure can result in 
superior orbital fissure syndrome [54]. Typical symp-
toms include diplopia, extraocular muscle weakness, 
exophthalmos, and ptosis [54]. Crush injury and frac-
ture of the petrous part of the temporal bone can 
lead to avulsion of the petrous part of the temporal 
bone backwards with inward rotation of the apex and 
can cause severe distortion of the foramen lacerum 
[23]. This can damage nearby structures such as the 
ICA. Additionally, CN VI can be stretched, so patients 
with fractures in this region typically present with 
abducens nerve palsy [26].

Fractures of the posterior skull base are less com-
mon but identifiable when patients present with 
deficits in multiple cranial nerves [17]. Jugular fora-
men fractures presenting with lower cranial nerve 
deficits have been reported in the setting of occipital 
bone fracture with subsequent direct nerve injury or 
delayed ischaemia-related oedema [1, 47]. Rarely, 
severe trauma to the occiput can cause a fracture that 
courses from the jugular foramen, across the petrous 
part of the temporal bone, and through the foramina 
spinosum to the foramen lacerum and the foramen 
magnum [25]. However, skull base fractures are more 
likely to injure structures travelling in a “true” skull 
base foramen than a “false” foramen as fractures are 
unlikely to cross a foramen created between two ad-
jacent bones unless there is significant blunt trauma 
to the region that affects multiple bones. Therefore, 
the neurovascular structures contained within these 
passages are somewhat more protected.

Severe basilar fractures can involve these “false” 
foramina because unions of multiple bones are inher-
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ently weak points in the skull base [51]. Moreover, 
most cranial nerves are carried by these foramina, 
so fractures of the “true” foramina could be under-
reported because the resulting neurological deficits 
are inconspicuous. Hypothetically, the true foramina 
might offer additional protection to the nerves and 
vessels that traverse them and future studies might 
address this difference.

Disorders of bone and cartilage

Paget’s disease (PD) is a chronic bone disorder 
characterised by increased cellular turnover that can 
involve bones of the skull [8]. PD of the skull frequent-
ly results in areas of localised or diffuse thickening and 
interspersed areas of osteoporotic lesions [39]. The 
most common neurological symptom is hearing loss, 
which is thought to be due to loss of bone mineral 
density in the cochlear capsule, not to internal acous-
tic meatus narrowing (stenosis) secondary to sclerosis 
[34]. To the best of our knowledge, there are no 
reported cases of “false” foramina narrowing in the 
setting of PD of the skull. However, optic neuropathy 
due to optic canal sclerosis has been reported [12].

Fibrous dysplasia is another chronic bone disorder 
that often affects craniofacial bones including the 
ethmoid, sphenoid, frontal, and temporal bones [19]. 
It is thought to involve abnormal growth and differen-
tiation of marrow stromal cells resulting in abundant 
expansile fibrous tissue deposition in place of normal 
bone, causing structural defects [19]. In contrast 
to PD, fibrous dysplasia causes conductive hearing 
loss due to external acoustic meatus stenosis [6].  
Narrowing of the optic canal and jugular foramen has 
also been reported [4, 46]. While there have been no 
studies directly examining the histopathology of PD 
or fibrous dysplasia in cranial foramina, differences in 
which foramina are affected could be due to patho-
physiology instead of differences between “true” and 
“false” foramina. However, multiple bones provide 
multiple sites for the initiation of bony expansion; 
the jugular foramen can become stenotic from either 
temporal or occipital bone overgrowth, while the hy-
poglossal canal must become stenotic from occipital 
bone overgrowth. 

As both intramembranous and endochondral os-
sification are involved in the formation of both “true” 
and “false” foramina, it is unlikely that cartilaginous 
disorders would preferentially affect one type of fora-
men. In one such disorder, achondroplasia, cartilage 
cannot be fully converted to bone and the foramen 

magnum is commonly stenotic at birth. The nar-
rowing of the jugular foramen increases intracranial 
venous pressures and in turn alters the cerebrospinal 
fluid dynamics, frequently resulting in hydroceph-
alus in this particular patient population. Notably, 
studies suggest that this stenosis results partly from 
premature closure of the posterior intraoccipital syn-
chondroses [18]. Abnormalities in other skull base 
synchondroses could in principle affect the “false” 
foramina formed from them [5]. For example, the 
spheno-occipital synchondrosis, which forms part of 
the foramen lacerum border, can close prematurely, 
preventing normal foramen expansion and causing 
constriction of neurovascular structures [11].

CONCLUSIONS
In this review we have explored all the cranial 

foramina and fissures that are formed from parts of 
more than one bone. These “false” foramina share 
similarities with the “true” neurovascular passage-
ways formed within a single bone, but also differ from 
them. Future study on the developmental differenc-
es between the two foramen types is warranted in 
order to elucidate their clinical significance further. 
Additionally, how anatomical variations and various 
mechanisms for skull base fracture affect the true 
versus false skull base foramina should be studied in 
patient cohorts [9, 14, 41].
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Background: The number of studies on the cerebellar arteries has increased. The 
purpose of this study was to determine the morphological expression of posterior 
inferior cerebellar artery in a sample of Colombian population.
Materials and methods: One hundred eighty-six posterior inferior cerebellar 
arteries of fresh cadavers were studied. In each specimen, vertebral arteries were 
injected with 100 mL of semi-synthetic resin, dyed with mineral red.
Results: In the 93 blocks of brainstem and cerebellum evaluated, 174 (93.5%) 
posterior inferior cerebellar arteries were found. Also, there were 12 (6.5%) agen-
eses. There was single posterior inferior cerebellar artery in 159 (91.4%) samples 
and duplicate in 10 (5.7%), while 5 (2.9%) specimens showed hypoplasia. The 
posterior inferior cerebellar artery originated from the vertebral artery in 121 
(69.5%) samples and from the basilar artery in 42 (24.1%) samples; while in 11 
(6.4%) it originated in a common trunk with the anterior inferior cerebellar artery. 
In 101 (83.5%) cases, the posterior inferior cerebellar artery originated from the 
intracranial segment of the vertebral artery, while 20 (16.5%) samples originated 
from the extracranial segment. The calibres of posterior inferior cerebellar artery 
in its proximal and distal segments were 1.45 ± 0.37 mm and 1.33 ± 0.31 mm, 
respectively.
Conclusions: This study, carried out in cadaveric material, provides relevant qualita-
tive and morphometric information of the posterior inferior cerebellar artery, useful 
for the diagnosis and clinical management, as well as for the surgical approaches 
that may compromise this structure. (Folia Morphol 2022; 81, 3: 559–566)

Key words: cerebellar irrigation, anatomical variation, hypoplasic 
agenesis, vertebro-basilar junction

INTRODUCTION
Usually, the intracranial segment of vertebral ar-

tery (VA), at its distal portion, gives rise to its last 
branch, the posterior inferior cerebellar artery (PICA). 
PICA can also originate independently from basilar 

artery (BA), or as a common trunk with the anterior 
inferior cerebellar artery (AICA). PICA irrigates the 
posterior inferior portion of cerebellum, the spinal 
dorsal territory in association with posterior spinal 
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arteries and the spinal lateral surface in association 
with AICA [3, 9, 19].

Posterior inferior cerebellar artery varies in its mor-
phological expression related to its origin, trajectory, 
calibres, duplications, common trunks with AICAs, 
agenesis and hypoplasia. In the latter scenario, an-
other cerebellar artery modifies its trajectory to supply 
PICA regions, which determines dynamic balances in 
irrigated areas by PICA and AICA, so that when most 
of the inferior surface of the cerebellum is supplied by 
PICA, AICA’s territory is lesser than PICA’s or vice versa 
[7, 21]. Many authors agree to divide the trajectory of 
the PICA in anterior, lateral medullary, televelotonsilar 
and cortical spinal segments, which is very useful from 
the topographic and surgical point of view [19, 21].

Posterior inferior cerebellar artery originated from 
the VA in 57.1–85% of cases, with lower incidences 
from the BA, internal carotid and posterior meningeal 
artery. PICA can present itself duplicated in 0.9% 
to 10% [14, 17, 19, 20]. Some authors described 
the presence of a main trunk in 75–92% cases that 
bifurcates into the rostral or medial and lateral or 
caudal branches [9, 10, 25]. In cases of absence of 
the PICA, other cerebellar arteries irrigate its territories  
[9, 17, 20]. PICA has the most variable trajectory of the 
cerebellar arteries and the most complex relationship 
with cranial nerves. In its trajectory, it courses above 
the glossopharyngeal nerve in a range of 14–27.5% 
cases, and between the roots of the accessory nerve 
in 20–38% of cases; while in 5–23.8% of cases crosses 
the fibres of the apparent origin of the vagus nerve 
and in 21.4–32.5% of cases passes between the vagus 
and accessory nerves [9, 11, 19, 22].

The relevance of PICA is related to the possibil-
ity of thromboembolic occlusions with consequent 
effects ranging from silent occlusion to infarct of 
the cerebellum or medulla oblongata with oedema, 
haemorrhage, and death [9, 22]. Moreover, this ar-
tery could be affected by neurovascular compression 
syndromes such as glossopharyngeal neuralgia and 
hemifacial spasm [2, 13].

The anatomical characteristics of PICA have been 
evaluated in some population groups through the 
infusion of its vascular beds, classic dissection, or im-
aging studies [1, 4, 5, 9, 10, 14, 17, 19, 22]. The variant 
expressions of PICA with its great functional and clinical 
significance, makes the morphological study of these 
structures necessary in samples of population groups 
such as the mestizo (Caucasian and Native American 
descent), predominant in Latin America. For this rea-

son, the work done supplies in a relevant fashion new 
reference information in our mestizo population.

MATERIALS AND METHODS
Posterior inferior cerebellar artery of 93 unclaimed 

bodies were studied, who underwent autopsy at the 
Institute of Legal Medicine and Forensic Sciences in 
Bucaramanga, Colombia. The inclusion criteria of 
the evaluated sample were mestizo (Caucasian and 
Native American descent) and men aged between 
18 and 75 years old. The exclusion criteria included 
death due to traumatic brain injury or pathologies 
related to the encephalon. The ethics committee of 
the “Universidad Industrial de Santander” approved 
this investigation; the study complied with Resolution 
008430 of 1993, Decree 2164 of 1992 and Law 10 
of 1990 of the local Ministry of Health and with the 
principles of the Declaration of Helsinki (1964) and 
all subsequent revisions.

Each cadaveric specimen was subjected to bilater-
al channelling of the proximal segments of the verte-
bral arteries; through these vessels it was performed  
a lavage and presetting of the brain with formalde-
hyde 3%. Thereafter, the vertebral arteries were in-
jected with 100 mL of semi-synthetic resin (a mixture 
of Palatal E210® BASF 80 mL and Styrene 20 mL) dyed 
with mineral red. After 30 minutes, once obtained the 
resin polymerisation, the exeresis of the encephalon 
was performed. Then, the anatomical pieces were 
subjected to a formaldehyde 10% fixation for 15 days.

Afterwards, the block resection of brainstem and 
cerebellum was performed and the leptomeninges 
were released using microdissection instruments, 
procedure that made possible the identification of the 
vertebrobasilar system and each of its structures. The 
different morphological expressions of PICAs were 
recorded in relation to their presence, level of ori-
gin, calibres, trajectories, anastomosis and relations 
to cranial pairs according to the criteria or patterns 
determined by Rhoton [20]. A difference equal or 
greater than 0.5 mm was established as criteria for 
left or right-side arterial dominance [18]. A digital 
calibrator (Mitotuyo®) was used for all morphometric 
evaluations of these vessels.

Digital photographs were taken from all piec-
es with a professional camera Canon® T2i. The ob-
tained data was registered in Excel spreadsheets and 
statistical analyses were carried out using Stata 8.0 
software. For data analysis, the continuous variables 
were described using means and deviations and the 



561

L.E. Ballesteros-Acuña et al., Study of posterior inferior cerebellar artery

nominal variables were described using its ratios. 
Statistical tests included χ2 and t-test, accepting  
a significance level of p ≤ 0.05.

RESULTS
In the 93 blocks of brainstem and cerebellum 

evaluated, 174 (93.5%) PICA were found, 88 on the 
right side and 86 on the left side. Also, there were 12 
(6.5%) ageneses (Fig. 1). There was single PICA in 159 
(91.4%) samples and duplicate in 10 (5.7%) samples 
(Fig. 2), all without statistically significant difference 

in relation to either presentation side (p = 0.17). Five 
(2.9%) specimens showed hypoplasic PICAs.

In 121 (69.5%) cases, PICA originated from the VA, 
while in 42 (24.1%) cases it emerged from the BA.  
A common trunk between PICA and AICA was ob-
served from the VA in 7 (4.1%) samples (Fig. 3) and 
from the BA in 4 (2.3%) samples of blocks of brain-
stem and cerebellum (Fig. 4). Of the arteries with their 

Figure 1. Front view of cerebellum. A hypoplastic left posterior in-
ferior cerebellar artery and agenesic right one is observed. Bilateral 
dominance of the anterior inferior cerebellar artery; BA — basilar 
artery; RVA — right vertebral artery; RHC — right cerebellar hem-
isphere; triangular asterisk — left antero inferior cerebellar artery; 
arrow — right inferior anterior cerebellar artery; double arrow — 
hypoplastic left posterior inferior cerebellar artery.

Figure 2. Front view of left cerebellar hemisphere. Posterior inferior 
cerebellar artery is duplicated with its origin in the vertebro-basilar 
junction (larger calibre) and vertebral artery; BA — basilar artery; 
LVA — left vertebral artery; LHC — left cerebellar hemisphere;  
SCA — superior cerebellar artery; arrow — inferior posterior cer-
ebellar artery originating from the proximal segment of the basilar 
artery; triangular asterisk — left inferior cerebellar artery originating 
from the basilar artery.

Figure 3. Front view of right cerebellar hemisphere. Posterior and 
anterior inferior cerebellar arteries’ trunks emerging from the basilar 
artery (BA). Additionally, a hypoplastic posterior inferior cerebellar 
artery originating from the vertebral artery; P — pons; arrow — 
trunk emerging from the basilar artery; triangular asterisk — infe-
rior anterior cerebellar artery; double triangular asterisk — inferior 
posterior cerebellar artery; HPICA — hypoplastic posterior inferior 
cerebellar artery; SCA — superior cerebellar artery.

Figure 4. Anterior view of cerebellum. Left posterior inferior cere-
bellar artery originated from basilar artery (BA), its curse between 
the vagus and accessory nerves. Right posterior inferior cerebellar 
artery is originating from the vertebral artery’s extraspinal seg-
ment relating to the spinal root of accessory nerve; RCH — right 
cerebellar hemisphere; OM — medulla oblongata; SCA — superior 
cerebellar artery; arrow — left posterior inferior cerebellar artery; 
RPICA — right posterior inferior cerebellar artery; +: spinal root of 
the accessory nerve; ++: vagus nerve.
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origin in the VA, 101 (83.5%) were of the V4 segment 
and 20 (16.5%) of the V3 segment (Fig. 5). PICAs which 
originated from the VA did so at 16.65 ± 6.16 mm 
from the vertebro-basilar junction, while the distance 
to that point from those originating from the BA was 
12.25 ± 4.59 mm, with no statistically significant 
differences in relation to the either presentation side  
(p = 0.67). In 63 (36.2%) samples, the PICA originat-
ed from the posterior lateral surface of the VA and 
BA, from lateral surface in 68 (39.1%) samples, from 
posterior and posterior medial surface in 37 (21.3%) 
samples and 6 (3.4%) specimens, respectively.

Posterior inferior cerebellar artery distributed 
through the periphery of the medulla oblongata and 
the cerebellar vermis and then divided into four seg-
ments with variable length, between 1.95 to 39.23 mm.  

The segments with a short length were the anterior 
and lateral medullary, while the tonsillomedullary 
segment with its sinuous trajectory presented greater 
length. PICA presented a calibre of 1.45 ± 0.37 mm; 
there was no statistically significant difference in re-
lation to either side (p = 0.27). A reduction of 7.6% 
was observed between the calibre of the medullary 
(mesencephalic pons) and the tonsillomedullary (mes-
encephalic cerebellum) segments (Table 1).

Right PICAs’ calibre was higher than the left side 
in 74 (42.5%) samples. The left branch presented  
a dominant calibre in 70 (40.2%) cases; there was no 
difference in calibre in 30 (17.2%) cases. In 141 (81%) 
samples, there was a bifurcation between the lateral 
and medial branches, while in 33 (19%) PICAs the 
branches emerged in form of a cluster, this presents 
a statistically significant difference (p = 0.02).

Lateral branches presented a calibre of 1.08 ±  
± 0.18 mm and the medial 0.96 ± 0.19 mm  
(p = 0.07). From these branches, collaterals emerged 
for the cerebellar cortex, vermis and the fourth ven-
tricle branches. A pair of cortical arteries emerged in 
69 (48.9%) cases from the lateral branch and three 
collateral arteries were observed as part of 67 (47.5%) 
medial branches (Table 2).

The lower loop of the tonsillomedullary segment 
related to the tonsil on 148 (85.1%) samples. In rela-
tion to the upper surface of the tonsil, it was found 
in 38 (25.6%) cases, with the lower segment in 56 
(37.9%) and with the middle segment in 54 (36.5%) 
sample blocks of brainstem and cerebellum. In 26 
(14.9%) cases the lower loop of the third segment 
was below the cerebellar tonsil and corresponded to 
the arteries that originated from V3 or from the lower 
part of V4 (Fig. 5).

The distance between the bifurcation point and 
the origin of PICA was variable; thus, it was classified 
in four groups every 20 mm: group 1 — 2 (1.4%) 
samples with a length of up to 20 mm; group 2 — 41 
(29.1%) samples with a length between 21 and 40 mm;  
group 3 — 75 (53.2%) samples with a length between 
41 and 60 mm; group 4 — 23 (16.3%) samples with 
a length equal or above 60 mm.

We observed a variable course of PICAs with differ-
ent contact points on the cranial nerves. PICA present-
ed the following relationships to cranial nerve pairs: 
above glossopharyngeal in 18 (10.1%) samples (Fig. 2);  
between glossopharyngeal and vagus in 12 (7.2%); 
between vagus and accessory 49 (28.3%) (Fig. 4); 
posterior to roots of the accessory nerve in 44 (25.4%) 

Figure 5. Anterior view of cerebellum. Bilateral origin of posterior 
inferior cerebellar artery from the vertebral artery’s extraspinal 
segment. The lower loop of the tonsilomedullary segment is related 
with the tonsils’ inferior surface; BA — basilar artery; OM — me-
dulla oblongata; RCH — right cerebellar hemisphere; RVA — right 
vertebral artery; RPICA — right posterior inferior cerebellar artery; 
LPICA — left posterior inferior cerebellar artery; double arrow — 
double left anterior inferior cerebellar artery; triangular asterisk — 
anterior inferior cerebellar artery.

Table 1. Length and calibre of the segments of the inferior  
posterior cerebellar artery. Expressed in millimetres

Anterior 
medullary

Lateral 
medullary

Tonsil-
lomedullary

Televelo-
tonsillar

Total 
length

3.39 ± 1.70 8.56 ± 2.63 21.06 ± 7.22 16.41 ± 8.36

Right 3.19 ±1.43 8.41 ± 2.70 21.65 ± 6.87 16.55 ± 7.24

Left 3.53 ± 1.86 8.61 ± 2.74 20.64 ± 7.49 16.03 ± 8.90

Total 
calibre

1.45 ± 0.37 1.44 ± 0.31 1.33 ± 0.31 1.32 ± 0.40

Right 1.46 ± 0.37 1.42 ± 0.26 1.34 ± 0.24 1.27 ± 0.22

Left 1.45 ± 0.32 1.46 ± 0.35 1.32 ± 0.33 1.34 ± 0.54
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samples (Fig. 4); through the roots of the vagus  
and accessory nerves in 14 (8%) and 37 (21%)  
samples, respectively. Hypoglossal contact was  
observed in 91 (52.3%) cases, 52 (57.1%) run below 
to the cranial pair, 8 (8.8%) above and 31 (34.1%) 
samples were distributed between the roots of the 
pair.

DISCUSSION
Of the cerebellar arteries, the PICA is the one that 

presents the greatest variability. The incidence of 
agenesis observed in this series (6.5%) is in accord-
ance with some previous reports [10, 20]. Special 
attention is drawn to the high incidence (35.6%) 
reported by Akgun et al. [1] and no case of agenesis 
is reported in other studies [9, 14]. The presence of 
duplicate PICA reported in the literature in a range 
of 2.5–10% [14, 18, 20, 24, 26] is concordant with 
our findings, while Macchi et al. [10] do not report 

duplications. In other studies, PICA hypoplasia has 
been reported in a range of 5–16% [9, 20], a figure 
that is higher than that found in our series.

The origin of the PICA from the VA has been re-
ported in a range of 72–85% [9, 10, 14, 19, 20, 26],  
while in this study a lower incidence was found, con-
cordant with Akgun et al. [1], whereas the origin of 
the PICA from the extradural segment of the VA that 
has been reported in 10–16.7% is concordant with 
what was observed in this study [1, 18, 19]. High 
incidence of extradural origin of the PICA reported 
by Macchi et al. [10] (32.5%) and the non-report of 
Ucerler et al. [26] of this morphological expression 
is highlighted.

The significant incidence of PICA that emerges 
from BA should be considered; our findings are con-
sistent with the reports of Mercier et al. [14] and 
Macchi et al. [10]. Other authors report this origin 
in a range of 7.4–12.5% [1, 24, 27]. A PICA variable 
that besides being visually attractive is accompanied 
by marked clinical implications that determine its 
obstruction or injury, for its extensive irrigated terri-
tory, is the presence of PICA–AICA trunk, reported by 
some authors in 12.5–22% [4, 10, 14], whereas our 
observations (6.4%) are concordant with Ucerler et 
al. [26]. The distance of the emergence of the PICA 
in relation to the vertebro-basilar junction, indicat-
ed in previous studies in 16–16.9 mm, and without 
significant differences in relation to the presentation 
side, is concordant with that found in this series. 
Pai et al. [17] report a distance of 12 mm. In this 
study, a calibre of the anterior segment of the PICA of  
1.45 mm was reported, similar to the figures most re-
ported in literature [9, 18], while other authors denote 
this calibre in a range of 1.67–2 mm [1, 3, 7, 9, 16, 20].

The large qualitative and morphometric variability 
observed in the various PICA studies is probably due to 
factors such as the size of the samples, the different 
measurement methodologies and the phenotypic 
expressions of each population group evaluated.

The bifurcation of the PICA in lateral and medial 
branches, close to the televelotonsilar fissure has been 
reported with high incidence in a range in which our 
findings are located, of 78–92.5% [9, 10, 20, 27]. In 
agreement with what is reported in literature, we 
find that the lateral branch is greater than the medial 
one and its calibre slightly higher than a millimetre; 
It supplies the middle and lateral segments of the 
occipital surface of the cerebellar hemisphere. Some 
previous studies [9, 19, 20] indicate that the lateral 

Table 2. Collateral distribution by lateral and medial branch of 
the inferior posterior cerebellar artery

Lateral branch Medial branch

1 cortical:  
6 (4.3%)

1 collateral: 15 (10.6%) arteries:

11 vermian

4 cortical

2 cortical:  
69 (48.9%)

2 collateral: 31 (22%):

20 cortical and vermian

7 double vermian

2 vermian and televelo

2 vermian and amygdala

3 cortical:  
56 (39.7%)

3 collateral: 67 (47.5%):

65 cortical, vermian and televelo

2 amygdala, vermian and televelo

4 cortical:  
10 (7.1%)

4 collateral: 15 (10.6%):

8 cortical, vermian and televelo, more  
contralateral cortical

7 cortical, vermian and televelo, more  
vermian contralateral

5 collateral: 8 (5.7%):

6 cortical, vermian and televelo, more  
cortical and contralateral vermian

2 cortical, vermian and televelo, televelo  
and contralateral vermian

6 collateral: 5 (3.5%):

5 cortical, vermian and televelo, more cortical,  
vermian and contralateral televelo
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branch provides between one and several cortical 
branches, while in our observations we recorded 
the presence of one to five cortical branches, the 
most frequent expression being the presence of two 
branches cortical (48.9%). In the same sense, a me-
dial branch that supplies the vermis and the medial 
portion of the cerebellar hemisphere is recorded. In 
this study we report as the most frequent scenario 
(47.5%) that the medial branch provides cortical, 
vermian and televelar branches.

The location of the caudal loop of the tonsillar 
medullary segment below the lower pole of the tonsil 
occurs when the PICA emerges from the extradural 
portion of the VA or from the proximal part of the 
intracerebral segment of this artery; this condition, 
observed in our study at 14.9%, is consistent with pre-
vious studies that report it in a range of 12.5–27.5% 
[9, 10, 26]. We also find this loop at the level of 
the pole or segment lower tonsil in a slightly higher 
percentage (37.9%), as reported by some authors  
[9, 10, 26]. In other cases, we recorded the location 
of the loop in the middle and upper segments of the 
medial wall of the tonsil (62.1%), incidence slightly 
higher than that reported by Lister et al. [9], while 
other studies [10, 26] report this expression in a range 
of 30–45%.

The location and extent of the infarctions originat-
ed by PICA occlusion are mainly determined by the 
nature of its aetiology (atheromatosis vs. embolism), 
haemodynamic factors, the anatomic variations of the 
vessels and the arterio-arterial anastomosis charac-
teristics. The anatomical variations mainly comprise 
the origin, the branching pattern, irrigated areas, 
and parent vessel sizes. For example, people with 
an aberrant origin of the PICA and/or hypoplasia of 
the VA have a greater chance of having a cerebellar 
infarction and if it happens, it is expected to be larger 
and extensive infarcts than individuals with a usual 
pattern of the arterial anatomy in the posterior fos-
sa. The syndrome associated with lateral medullary 
infarction may be caused by occlusion of PICA or VA, 
but it is most commonly attributed to occlusion of 
the VA [12, 15, 16, 20, 27, 28].

The syndrome originated by the PICA occlusion 
is known as the lateral medullary syndrome. This 
syndrome is characterized by the presence of: anaes-
thesia and thermoanalgesia in the hemibody caused 
by damage to the spinothalamic tract; Ipsilateral 
Horner syndrome determined by the affectation of 
the oculosympathetic fibres in the lateral medullary 

reticular substance; dysphagia, dysarthria and dys-
phonia as a result of ipsilateral paresis of the palate, 
pharynx, and vocal cords caused by an injury of the 
ambiguous nucleus; facial ipsilateral hypoesthesia, 
caused by lesions on the trigeminal tract; ataxia, 
dizziness, nystagmus, and ipsilateral cerebellar signs 
caused by damage to the vestibular nuclei and arqui 
and paliocerebellum; emesis explained by the involve-
ment of the nucleus of the solitary tract; nystagmus 
and diplopia caused by an injury to the spinal cord 
and the medial longitudinal fasciculus; facial paralysis 
caused by damage to the seventh cranial nerve motor 
nucleus [6, 8, 16, 20, 28].

Cerebral revascularisation in the posterior circu-
lation is well recognised as an important factor in 
the treatment of aneurysms that arise at the origin 
of the PICA, most commonly in the posterior fossa 
below the basilar apex, and less frequently in the 
distal segments [9]. The revascularisation is also used 
in the treatment of complex and giant intracranial 
tumours involving the pontocerebellar angle, occipital 
foramen, cervicocranial junction, clivus, jugular fora-
men, fourth ventricle, cerebellum and arteriovenous 
malformations; lesions that involve major vessels of 
this anatomical region. In these procedures the PICA 
and AICA are anastomosed end-to-end, end-to-side, 
or side to side to the contralateral equivalent arter-
ies or extracranial arteries, such as the superficial 
temporal artery and occipital artery to achieve the 
neural parenchyma revascularisation [1, 7, 20, 23]. 
Although bypass procedures can reduce mortality 
and morbidity, knowledge of the anatomical char-
acteristics of the vasculature plays an important role 
in preoperative planning and appropriate locations 
for anastomosis [1, 20].

Our findings are consistent with that reported in 
previous studies [9, 10, 19, 20, 22] that record the 
relationship of the PICA with the nerves that emerge 
from the medulla oblongata, being the most frequent 
scenario the course of the artery between pairs X and 
XI (21–31%), followed by the course of the artery 
between the fibres of the XI pair (10–27%). The tra-
jectory of the PICA over the IX pair is reported as the 
lowest incidence (4.8–17%). Our study is consistent 
with the majority of reports [10, 14, 20] that indicate 
that the path of the PICA with the highest incidence in 
its relationship with the hypoglossal nerve is the one 
which passes under the nerve (47.5–57.1%), while 
Lister et al. [9] reports as the most frequent trajec-
tory that of the PICA coursing between the fibres of 
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the referred nerve. The dimensions of the segments 
of the PICA, anterior medulla (4.4 mm), medullary 
lateral (15.4 mm), tonsilomedullary (24.5 mm) and 
televelotonsilar (13.3 mm) reported by Lister et al. [9] 
are similar to those recorded in this series.

The IX–XII cranial nerves are usually in contact 
with the posterior surface of the VA, however, with 
the exception of the IX, the compression syndromes 
associated with these nerves are rare, although the 
sensorial distributions of these nerves are limited 
compared to the trigeminal nerve. The contacts be-
tween the cranial nerves and the VA become symp-
tomatic when occurs an elongation or tortuosity of 
the proximal segments of the PICA, caused by age 
and arteriosclerosis. The vascular contact itself might 
not be enough to change the myelin structure in the 
root entry zone. Therefore, the presence of vascular 
indentation in patients with spasm of these nerves 
could strengthen the change in the myelin sheath in 
root entry zone that produces symptoms [2, 13, 25]. 
The compression of the glossopharyngeal and vagus 
nerves can cause severe episodic pain lasting from  
a few seconds to minutes, at the level of the palatine 
tonsil, larynx, tongue and ear, structures innervated 
by somatosensory elements of these nerves emerging 
through the retro-olive grove [13].

CONCLUSIONS
This study, carried out in cadaveric material, pro-

vides relevant qualitative and morphometric informa-
tion of the PICA, useful for the diagnosis and clinical 
management, as well as for the surgical approaches 
that may compromise this structure.
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Optic nerve sheath diameter measurement: 
a means of detecting increased intracranial 
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Background: Pseudotumor cerebri (PTC) occurs when the pressure inside the skull 
increases for no obvious reason. The aim of this study was to investigate three 
different methods: the optic nerve sheath diameter (ONSD) method, ONSD/eye-
ball transverse diameter (ETD) index, and ONSD/orbital transverse diameter (OTD) 
index for the initial detection of elevated intracranial pressure in patients with PTC.
Materials and methods: A retrospective study of magnetic resonance data from 
adult PTC patients (n = 42) and control group (n = 40) was performed. ONSD 
and OTD measurements were made 3 mm and 10 mm posterior to the globe, 
after intracranial pressure was measured with lumbar puncture. The sensitivity, 
specificity, and overall accuracy of the findings on magnetic resonance imaging 
were calculated.
Results: The optic nerve sheath was enlarged in the PTC group compared with 
the control group. It showed 97% sensitivity and 100% specificity and 79% 
sensitivity and 87.5% specificity for 3 mm and 10 mm, respectively. The ONSD/ 
/ETD and ONSD/OTD indices were increased in the PTC group compared with the 
control group. For 3 mm posterior to the globe, the ONSD/ETD index had 90.5% 
sensitivity and 92% specificity, and the ONSD/OTD index had 86% sensitivity and 
95% specificity. For 10 mm posterior to the globe, the sensitivity and specificity 
of the ONSD/ETD and ONSD/OTD indices were 86% and 80% and 74% and 
82.5%, respectively.
Conclusions: According to our study, the ONSD method and the ONSD/ETD and 
ONSD/OTD indices are reliable diagnostic markers for PTC. These noninvasive 
techniques may be useful in monitoring the invasive intracranial catheter and have 
wide potential clinical applications in district hospitals, emergency departments 
and intensive care units. (Folia Morphol 2022; 81, 3: 567–573)

Key words: intracranial pressure, neurosurgery, optic nerve, 
pseudotumor cerebri, radiology
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INTRODUCTION
Pseudotumor cerebri (PTC), also known as idio-

pathic intracranial hypertension, is a disorder that is 
described by the presence of pathologically increased 
intracranial pressure (ICP) in nonexistence of enlarged 
ventricles, intracranial mass lesions, and computed to-
mography (CT) and magnetic resonance (MR) imaging 
(MRI) findings associated with high ICP [1, 20, 25].

Intracranial pressure is detected by invasive place-
ment into the ventricles or cerebral parenchyma with 
an intracranial catheter. This procedure is considered 
the gold standard. This method gives ICP results ex-
pressed in millimetres of mercury. Doctors tend to 
use noninvasive methods before applying invasive 
methods, and noninvasive methods are predominant-
ly qualitative (e.g., papilledema, optic nerve sheath 
diameter [ONSD], tympanic membrane displacement) 
or provide imprecise readings [2, 18, 19, 21].

In this measurement method, the optic nerve 
sheath dilates due to more cerebrospinal fluid enter-
ing between the optic nerve and the dura mater. This 
is considered an indication of increased intracranial 
pressure [13, 14, 27].

Researchers have been mostly satisfied with the 
ONSD method and determined the correlation with 
the ICP measured by the invasive method, but some 
uncertainties and inconsistencies have remained 
regarding the accuracy of the method. Although 
multiple protocols and thresholds are suggested for 
the ONSD method, there is no generally accepted 
protocol or standardization. While ICP values great-
er than 20 mmHg are considered pathological, no 
quantitative link has been established between ICP 
and ONSD beyond this value. But different researchers 
determined a normal/abnormal cutoff value of ONSD 
that varied from 4.8 to 7.3 mm [4, 9, 15, 17, 30].

Another thought-provoking point with the ONSD 
method is that ONSD measurements of normal and 
sick individuals in the same studies often have large 
standard deviations (SD) overlapping each other. To 
overcome this situation, researchers have proposed 
and attempted to apply different indices on various 
imaging techniques, such as the ratio of optic nerve 
diameter to ONSD or the ratio of ONSD to eyeball 
transverse diameter (ETD) [6, 27]. The clinical appli-
cation of the ONSD/ETD index has been described for 
patients with traumatic brain injury [28].

Our aim was to implement three different meth-
ods (the ONSD method, ONSD/ETD index, ONSD/ 
/orbital transverse diameter [OTD] index) for the initial 

detection of elevated ICP in patients with PTC. We 
investigated the applicability and reliability of the 
three methods in PTC patients.

MATERIALS AND METHODS
Study design and setting, inclusion and exclusion 
criteria

In this study, we retrospectively analysed the MR 
scan data of 82 adult patients (over 18 years old) 
who were admitted to the Radiology Department 
from January 2014 to December 2016. The pres-
ent study was approved by the ethical committee 
of Afyonkarahisar Health Science University, Turkey 
(2017/7-193). In our study, we included patients who 
presented to the Neurosurgery Department in various 
combinations with complaints of headache, nausea, 
vomiting, visual impairment, diplopia, and dizziness 
and were directed to MR scans of the cranial region. 
The patients appeared to have negative MRI scans.

Control group

The control group was composed of patients older 
than 18 years who underwent MRI for various reasons 
(e.g., seizures, head injury, headache, and hearing 
loss), and the clinical results of these patients were 
evaluated as normal by a neuroradiologist. Patients 
whose signs and symptoms showed increased ICP 
were excluded from the control group. In addition, 
patients with a history of intracranial neoplasm, cra-
nial deformity, and any orbital- or optic-related dis-
orders were not included in the control group.

PTC group

For this group, severe headache of unknown cause 
and normal MRI scans were the primary inclusion 
criteria; among these, we selected patients who 
were diagnosed with PTC (International Classification  
of Diseases Ninth revision Clinical Modification;  
348.2 Benign Intracranial Hypertension) by a neurol-
ogist. All patients diagnosed with PTC were exam-
ined by an ophthalmologist and a neuroradiologist. 
Patients determined to have any ophthalmological 
or neuroophthalmological diseases were excluded 
from the study.

Data sources and measurements

All MRI were performed on the Magnetom Aera 
1.5T system (Siemens Healthcare, Erlangen, Germa-
ny). Brain MRIs were performed with a 24-channel 
head coil. The sequences analysed consisted of 5-mm 
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sections, and T2W axial images were used for meas-
urements. The left and right ETD (i.e., retina to retina), 
OTD (i.e., medial orbital wall to lateral orbital wall), 
and ONSDs were measured by the computer pro-
gramme on the same MRI (Fig. 1). The measurements 
were made digitally via PACS. Theoretical and practical 
orbital anatomy and measurement technique training 
on MRI were given to the researchers who made the 
measurements. MRI of patients in the control group 
and the PTC group were randomly mixed, so the 
measurements were blinded. The parts of interest 
of the MRI were enlarged 3–4 times for better meas-
urement. ONSD and OTD measurements were made 
from 3 mm and 10 mm behind the globe (Fig. 1). 
The researchers took care to use the same window, 
brightness, and contrast when taking all measure-
ments. Intra-evaluator and inter-evaluator consistency 
were analysed statistically by the intraclass correlation 
coefficients (ICCs) between the two evaluators. The 
same methodological procedures were applied by 
both evaluators (A.B. and T.E.) when making measure-
ments. ICP was measured invasively in a neurosurgical 
intensive care unit with lumbar puncture (LP).

statistical analysis

Statistical analysis was performed by using the 
Statistical Package for the Social Sciences, version 
19.0 (SPSS, Chicago, Illinois). All values are presented 
as the mean, SD, minimum, and maximum. The dis-
tribution of the data was evaluated by the Kolmog-
orov-Smirnov test. A nonparametric Mann–Whitney  
U test was used to determine the differences between 
two groups. Correlation analysis was performed with 
gender and age groups. Subsequently, a receiver 
operating characteristic (ROC) curve was generated 
to determine optimal cutoff values. The results were 
evaluated at a 95% confidence interval, and p < 0.05 
was considered statistically significant.

RESULTS
Forty-two patients were included in the PTC group 

(mean age 42.49 ± 9.15), while 40 patients were in-
cluded in the control group (mean age 44.03 ± 6.81). 
The patients in the control group were neurosurgery 
patients without invasive ICP results and clinical and 
radiological findings suggestive of normal ICP. 

First, evaluator 1 measured five parameters two 
times. The coherence between the first and second 
measurements (intra-evaluator coherence) was eval-
uated by ICC, and the results showed an ICC value 
of 0.90 ≤ 0.99 (p < 0.001) for correlations in all pa-
rameters. Regarding comparisons of inter-evaluator 
measures, a strong ICC was also seen for each variable 
(ICC: 0.75 ≤ 0.99; p < 0.001).

Comparison of the groups

Measurements made 3 mm posterior of the globe

When the study group and the control group were 
compared, the right and left ONSDs were found to 
be significantly higher in the PTC group (p ≤ 0.001). 
The enlargement was bilateral, and no correlation 
with age was found (p = 0.68). Mean ONSD led to 
a significant prediction of PTC (area under the curve 
[AUC] = 0.988, p ≤ 0.001). The optimal cutoff value 
was calculated as 4.99 mm with 97% sensitivity and 
100% specificity. The ONSD/ETD index correlated with 
ICP (i.e., ICP↑, ONSD↑), and with a cutoff value of 
0.21, the sensitivity of the index was 90.5%, and the 
specificity was 92% for measurements (AUC = 0.977, 
p ≤ 0.001). There was no correlation between the 
ONSD/ETD ratio and the gender or age of the patients 
(p > 0.05). Similarly, the ONSD/OTD index correlated 
with ICP, and with a cutoff value of 0.17 the ONSD/ 

Figure 1. Axial T2W magnetic resonance imaging of the both orbit 
demonstrating the measurement techniques: On the left side, or-
bital transverse diameter (OTD) (medial orbital wall to lateral orbital 
wall); on the right side, eyeball transverse diameter (ETD) (retina  
to retina) and optic nerve sheath diameter (ONSD) measurements 
3 mm and 10 mm behind the globe were showed.
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/OTD index had a specificity of 86% and a sensitivity 
of 95% (AUC = 0.939, p ≤ 0.001) (Table 1, Fig. 2).

Measurements made 10 mm posterior of the globe

We determined the mean ONSDs for the control 
and PTC groups to be 4.78 mm and 3.72 mm, re-
spectively. The difference was statistically significant  

(p ≤ 0.001). The optimal cutoff value was 4.21 mm with 
79% sensitivity and 87.5% specificity (AUC = 0.894,  
p ≤ 0.001). The sensitivity and specificity of the ONSD/ 
/ETD and ONSD/OTD indices were 86% and 80% and 
74% and 82.5%, respectively. The optimal cutoff val-
ues were calculated as 0.17 (AUC = 0.889, p ≤ 0.001) 
and 0.19 (AUC = 0.846, p ≤ 0.001) (Table 2, Fig. 3).

Figure 3. Receiver operating characteristic (ROC) analysis of ONSD, 
ONSD/ETD index and ONSD/OTD index for distance from 10 mm 
posterior of the globe; ETD — eyeball transverse diameter; ONSD 
— optic nerve sheath diameter; OTD — orbital transverse diameter.

Table 1. Measurements made from 3 mm posterior of the globe

Measurements Control group (n = 40) PTC group (n = 42) P

Mean ± SD Min–Max Mean ± SD Min–Max

ONSD 4.444 ± 0.397 3.48–4.97 5.752 ± 0.678 4.48–7.42 p ≤ 0.001

ONSD/ETD 0.187 ± 0.018 0.14–0.22 0.246 ± 0.031 0.2–0.32 p ≤ 0.001

ONSD/OTD 0.155 ± 0.0181 0.11–0.2 0.207 ± 0.039 0.15–0.39 p ≤ 0.001

ICP – – 28.523 ± 7.002 16–41 –

ETD — eyeball transverse diameter; ICP — intracranial pressure; ONSD — optic nerve sheath diameter; OTD — orbital transverse diameter; PTC — pseudotumour cerebri; SD — stan-
dard deviation; min — minimum; max — maximum

Figure 2. Receiver operating characteristic (ROC) analysis of ONSD, 
ONSD/ETD index and ONSD/OTD index for distance from 3 mm pos-
terior of the globe; ETD — eyeball transverse diameter; ONSD — 
optic nerve sheath diameter; OTD — orbital transverse diameter.

Table 2. Measurements made from 10 mm posterior of the globe

Measurements Control group (n = 40) PTC group (n = 42) P

Mean ± SD Min–Max Mean ± SD Min–Max

ONSD 3.727 ± 0.452 3.05–4.77 4.782 ± 0.797 3.54–6.9 p ≤ 0.001

ONSD/ETD 0.156 ± 0.019 0.13–0.21 0.204 ± 0.036 0.14–0.29 p ≤ 0.001

ONSD/OTD 0.170 ± 0.025 0.12–0.23 0.227 ± 0.064 0.14–0.52 p ≤ 0.001

ICP – – 28.523 ± 7.002 16–41 –

ETD — eyeball transverse diameter; ICP — intracranial pressure; ONSD — optic nerve sheath diameter; OTD — orbital transverse diameter; PTC — pseudotumour cerebri; SD — stan-
dard deviation; min — minimum; max — maximum
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In addition, the increase in ONSD was found to be 
statistically significant for both the right and left sides 
in the measurements made from both distances in the 
patient group (from 3 mm and 10 mm, p ≤ 0.001). 
This result is an indirect indication of a significant 
increase in ICP in the patient group.

The distribution of the bilateral ONSDs and two 
indices of the patients for the control and PTC groups 
are shown in Table 3. There was no significant dif-
ference between measurements of ONSD and cal-
culations for two indices between the right and left 
sides (p > 0.05).

DISCUSSION
One of the most accurate and simplest invasive 

methods for measuring ICP is LP. This indirect and 
imprecise procedure is still commonly used, but the 
invasive nature of the method, the need for a doctor 
to perform the procedure, technical difficulties, and 
unwanted complications such as bleeding and infec-
tion are risk factors for this method [23].

Because of these risk factors, researchers have 
sought noninvasive approaches to determine ICP. Dif-
ferent methods of measuring ONSD have been previ-
ously shown in many studies: in postmortem samples 
(direct measurement) and in patients with increased 
intracranial pressure by noninvasive ultrasound, CT, 
or MRI [6, 12, 15, 16]. It has been determined that 
indirect measurement of ICP using ONSD measure-
ments on MRI is reliably associated with invasive ICP 
measurement [10, 14].

An increase in ICP appears in the majority of cra-
nial pathologies [7]. Different thresholds have been 
defined to show the increase in ICP in various popu-
lations. Previous studies reported a direct relationship 
between increased ICP and ONSD in patients with 

traumatic and nontraumatic brain injuries [3, 8, 14, 
22, 24, 26]. Similarly, in our study, we verified re-
cent results, showing that a linear regression model 
demonstrates a strong correlation between ICP and 
ONSD.

We can address the discussion from two sides: 
First, what are the results of ONSD measurements  
in patients with PTC and are they compatible with  
the literature? Second, what is the methodological 
comparison of the measurements we used in the 
study?

Optic nerve sheath diameter is calculated by var-
ious radiological methods in the literature, but as  
a result of those studies, the researchers did not in-
troduce generally accepted protocols to standardise 
the use of the ONSD technique. Some authors re-
ported ONSD readings taken from different distances 
from the globe. Therefore, there may be differences 
between our results and those results [11, 13–15].

In the study comparing different location points 
far from the eyeball for ONSD measurements, it was 
found that the most stable results were obtained 
when the diameter was measured at a distance of 
10 mm from the globe [27]. In the present study, we 
measured ONSD distances from 3 mm and 10 mm  
posterior to the globe on MRI. We found that the 
ONSD measurement in patients with PTC was sig-
nificantly greater than that in the control group at 
both distances. Moreover, in the ROC analysis to 
analyse the predictive value of measurements for 
PTC diagnosis, the diagnostic accuracy of ONSD at  
3 mm was slightly higher than that found for ONSD at  
10 mm. We detected positive and statistically signifi-
cant correlations between the LP pressure and ONSD 
measures for both the 3 mm (r = 0.708, p ≤ 0.001) 
and 10 mm (r = 0.572, p ≤ 0.001) distances.

Table 3. Measurements of the bilateral ONSDs and two indices for the control and PTC group

Measurements Control group (n = 40)
Mean ± SD

PTC group (n = 42)
Mean ± SD

Right Left Right Left

ONSD 3 mm 4.473 ± 0.391 4.416 ± 0.415 5.719 ± 0.69 5.785 ± 0.708

10 mm 3.737 ± 0.509 3.717 ± 0.450 4.780 ± 0.761 4.783 ± 0.868

ONSD/ETD 3 mm 0.187 ± 0.019 0.186 ± 0.019 0.245 ± 0.033 0.247 ± 0.032

10 mm 0.156 ± 0.022 0.156 ± 0.019 0.205 ± 0.036 0.204 ± 0.038

ONSD/OTD 3 mm 0.155 ± 0.018 0.155 ± 0.019 0.205 ± 0.038 0.209 ± 0.041

10 mm 0.170 ± 0.029 0.171 ± 0.024 0.228 ± 0.064 0.226 ± 0.066

ETD — eyeball transverse diameter; ICP — intracranial pressure; ONSD — optic nerve sheath diameter; OTD — orbital transverse diameter; PTC — pseudotumour cerebri; SD — stan-
dard deviation
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On the other hand, in the literature an individual 
approach is recommended for the application of the 
ONSD method. Although ONSD and LP are related 
in a single patient, they can differ significantly from 
patient to patient. While 6.6 mm ONSD was measured 
at 5 mmHg ICP in one patient, 7 mm ONSD was meas-
ured at 30 mmHg ICP in the other patient. It should be 
noted that ONSD measurements depend on the elas-
ticity, extensibility, and thickness of the dura mater 
exhibiting individual variations [5, 29]. Therefore, ICP 
assessment based on ONSD measurement in clinical 
examination should only be considered individually, 
evaluating the first and subsequent ONSD and ICP 
results together and making specific calculations for 
a particular patient.

In patients with PTC, the ONSD/ETD ratio was 
significantly greater than that in the control group, 
and it showed a positive correlation with ICP. Fur-
thermore, their sensitivity and specificity were high 
for both indices calculated from 3 mm and 10 mm 
posterior of the globe. In the literature, only one 
study was performed related to ONSD/ETD and ICP 
in cases with hypertension. The authors found that 
the ONSD/ETD ratio was 0.29 ± 0.04 against 0.19 ± 
± 0.02 in healthy adults and that the ONSD/ETD 
index correlated well with ICP both during the de-
velopment of the pathology (i.e., ICP↑, ONSD↑) and 
during recovery (i.e., ICP↓, ONSD↓) [3]. As far as we 
know, there is no study investigating the relationship 
between the ONSD/OTD index and ICP in patients 
with PTC and other patient groups. The ONSD/ETD 
index correlated with ICP in patients with PTC, and its 
sensitivity and specificity were high. Furthermore, the 
ONSD/OTD index calculation 3 mm distance from the 
globe showed greater sensitivity and specificity than 
the index calculated 10 mm distance later.

The SD is a number that measures the spread of 
a data distribution. A high SD means that the num-
bers are spread out more. A low SD across studies 
indicates that the data points are close to the mean. 
ONSDs reported in the same studies have wide SDs 
that often overlap in the control and patient groups. 
To improve this situation, researchers have suggested 
indices such as ONS/ONSD and ONSD/ETD; these indi-
ces have insignificant SD [6, 27]. In our study, while 
the SD of the ONSD measurements varied from 0.39 
to 0.79 at various locations, the SDs of the ONSD/ 
/ETD and ONSD/OTD indices were 0.018–0.064 and 
0.018–0.038, respectively, which ensured very precise 
normative data.

Limitations of the study

We have two potential limitations. The first is 
the number of patients, and the second is the slice 
thickness of the MRI. Although the methodology of 
our study was well-founded, it consisted of a relatively 
small number of PTC patients. Future studies would 
be useful with more PTCs that could validate the re-
sults of our study. In the MRI technique, we used in 
our study, our slice thickness varied between 3 and  
4 mm. The use of scanners with thinner sections may 
be useful for more accurate analysis of the optic nerve.

CONCLUSIONS
Our study shows that MRI findings, including 

ONSD, ONSD/ETD and ONSD/OTD indices, are reliable 
neuroradiological measures to diagnose PTC in pa-
tients. In cases with high ICP, ONSD and ONSD/ETD 
and ONSD/OTD ratios provide readings corresponding 
to ICP readings in millimetres of mercury. The use of 
these methods in clinical practice may help provide 
early accurate diagnosis and early treatment, but 
the limitations of these methods should be taken 
into account.

Other imaging modalities, such as orbital MRI 
or MR venography, may be added to routine clinical 
examinations to more accurately diagnose, detail the 
findings and investigate new features of PTC.
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Background: The aim of this study is to investigate the location of nerves that 
innervate the flexor digitorum profundus (FDP), the flexor pollicis longus (FPL) and 
the pronator quadratus muscles. It also investigates the change in nerve location 
with hand movement.
Materials and methods: We studied 30 adult cadavers (17 males and 13 females) 
with a mean age of 69.5 years (range: 60–95 years). The reference line was from 
the humeral epicondylar line to the styloid process line of both the radius and 
ulnar bones. This study measured the anterior interosseous nerve (AIN) branch 
outpoint and the innervated muscle nerve entry point to the muscle belly. It also 
examines nerve position changes as related to making a fist.
Results: The reference line mean distance was 24.1 ± 1.2 cm. The median nerve 
branched into the AIN at 18.0 ± 4.0%. We found the most densely distributed 
section of the nerves’ entry point to the muscle belly to be at a distance of 30% to 
40% for the FDP and from 30% to 40% for the FPL. Except for the FPL, the nerve 
branch outpoints and the FDP moved by 3.0%, depending upon hand movements.
Conclusions: The results of this study show that it will be necessary to consider 
the anatomy of the nerve location as it enters the muscle belly as well as how it 
changes with movement. (Folia Morphol 2022; 81, 3: 574–578)

Key words: anterior interosseous nerve, flexor digitorum profundus, 
flexor pollicis longus, pronator quadratus, nerve position change

INTRODUCTION
The anterior interosseous nerve (AIN) is a branch 

of the median nerve that supplies the deep muscle 
of the anterior forearm compartment. AIN syn-
drome, not common, was first described in 1952 [7].  
AIN syndrome usually causes motor weakness of 
the thumb and index finger pincer movements 
and sometimes is accompanied by wrist pain. 
However, abnormalities resulting AIN syndrome 

sensation can vary, depending upon the situation  
[10, 14].

The treatment options for AIN syndrome can be 
either surgical or nonsurgical, but we usually consider 
the surgical option if nonsurgical options have not 
previously been done within 4 to 6 months [8]. The 
anatomical aspect, even if there is an abnormality 
in the muscles and pain innervated by AIN, the ob-
servation range should be kept in mind for a wide 
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region from the brachial plexus to the forearm. This 
above reason will seriously think about the possible 
entrapment spot, and will apply specifically for the 
conservative nonsurgical treatment. When treating 
with conservative treatment, the faster the treatment 
period will be more effective. An earlier report shows 
that manual reduction of an AIN injury is effective in 
bringing about recovery [9]. However, a more useful 
therapeutic approach is possible after understanding 
how muscle movements can affect the anatomical 
location of both the nerves and muscles.

Nerve transfer has become a vital method in the 
reconstruction of hand function, especially in the 
reconstruction of the intrinsic muscles of the hand 
following injury to the ulnar or median nerve. The 
AIN is a common donor site for the ulnar nerve or 
the branch of the median nerve, resulting in a good 
clinical outcome [4–6]. 

The aim of this study is to investigate the loca-
tion of nerves that innervate the flexor digitorum 
profundus (FDF), the flexor pollicis longus (FPL) and 
the pronator quadratus muscles. It also investigates 
how movement changes nerve location.

MATERIALS AND METHODS
We studied 30 unembalmed adult cadavers (17 

males and 13 females) with a mean age of 69.5 years 
(range: 60–95 years). The specimens chosen had no 
history of forearm fracture or arm surgery.

For the measurements, on the anterior view, we 
identified the most prominent point of the medial 
epicondyle of the humerus (MEH), and of the lateral 
epicondyle of the humerus (LEH) before doing the 
dissection. On the distal view, we also identified 
the most distal point of the styloid process of the 
radius (SPR) and of the ulna (SPU). A line connect-
ing the midpoints of the MEH and the LEH, as well 
as the midpoint of the SPR and the SPU, was used 
as a starting point reference line from proximal to 
distal (Fig. 1).

All experiments were conducted in the anatomy 
laboratory of the medical school. With the body in 
a supine position, we first dissected the skin and 
fat tissue to expose the pronator teres muscle. We 
attempted to locate the median nerve and carefully 
traced it distally to find the AIN. After finding the 
AIN, we carefully dissected it to examine the nerve 
branches around it in detail. In addition, in order 
to examine the AIN, the insertion site of pronator 
teres was cut and observed. We investigated the 

target muscle type, the AIN nerve branch number 
that innervated each muscle, and the morphological 
location of nerves entering the muscle belly (Fig. 2). 
The measuring variables are as follow:

 — the reference line length;
 — the location of the point where the AIN divides 
from the median nerve;

 — the location of the branch nerve outpoints that 
innervate the FPL and the FDF;

 — the crossing point of the AIN with the superior 
border of pronator quadratus.
Additionally, to examine how movement changes 

nerve position, we performed the following steps on 
three unembalmed cadavers (Fig. 3).
1. After dissection, we measured the nerve entry 

point to the FPL and FDP when the palm was open;
2. After dissection, we measured the median branch 

outpoint to the AIN;

Figure 1. Illustration showing the reference line; LEH — lateral 
epicondyle of humerus; MEH — medial epicondyle of humerus; 
SPR — styloid process of radius; SPU — styloid process of ulna; 
red arrow — measuring direction. 
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3. The measured points were marked with a thumb-
tack;

4. With the closed hand fist position, we measured 
the median branch outpoint to the AIN;

5. After opening the fist, we measured the degree 
of change in the nerve position.
A single observer took all measurements with  

a measuring tape and digital callipers (resolution  
0.01 mm, CD-20PSX, Mitutoyo, Japan). Data was 
analysed using SPSS software version 23.0 (IBM SPSS 
Inc., Chicago, IL, USA). Comparisons between male 
and female cadavers were performed using the t-test. 
P values of less than 0.05 were considered statistically 
significant. The present study was conducted in ac-
cordance with the Declaration of Helsinki

RESULTS
The mean distance of the reference line was  

24.1 ± 1.2 cm. The median branched into the AIN at 
18 ± 4.0%. No significant distant differences were 

found in the reference line between males and females 
or between the right and left forearm (p ≥ 0.05).

We investigated the nerve entry points to the mus-
cle belly in this study. For the FPL, the number of nerve 
entry points ranged from 2 to 5, and the distribution 
ratio was 31.0%, 37.9%, 24.1% and 7.0%. This study 
had 10 sections, based on reference length, and it 
examined which sections were densely distributed. 
After checking the raw data, we found the most 
densely distributed section was distance from 40% 
to 50% and distance from 30% to 60% sections was 
distributed about 94.8% (Table 1).

For the FDP, the number of nerve points ranged 
from 2 to 5, and the distribution ratio was 25.0%, 
46.4%, 21.4% and 7.2%. Additionally, this study 
was divided into 10 sections, based on the reference 
length, and it examined which sections were densely 
distributed. After checking the raw data, we found 
the most densely distributed sections had a distance 
of 30% to 40% (Table 2).

The branch outpoint from the median nerve in 
the open palm position was 26.8 ± 1.9%. Howev-

Figure 2. Photographs of the dissected forearm of fixed specimen; 
PQ — pronator quadrates; FPL — flexor pollicis longus; FDP — 
flexor digitorum profundus; AIN — anterior interosseous nerve; 
SUP — superior; LAT — lateral; arrow — nerve entering point to 
the muscle belly. 

Figure 3. Photographs of the dissected forearm of unembalmed 
specimen; FDP — flexor digitorum profundus; SUP — superior; 
LAT — lateral; arrow — nerve entering point to the muscle belly.
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then branches out to the AIN at 4.4 ± 1.1 cm from 
the reference line. Previous studies have reported 
that the AIN branches out between 2.3 and 8.0 cm in 
Sunderland [11], 5.4 cm in Tubbs et al. [13], 8.0 cm in 
Benzel [1], 4.5 cm in Vincelet et al. [15] and 5.2 cm in 
Caetano et al. [3]. A number of cases reported about 
5.0 cm regardless of population. The branch outpoint 
will become reference material for the treatment of 
AIN syndrome.

The integrated trigger point hypothesis postulates 
that motor endplates release excessive acetylcholine 
in myofascial pain, which is evidenced histopatholog-
ically by the presence of sarcomere shortening [2].  
Target muscle and nerve production of abnormal 
acetylcholine is appropriately stimulated. At this time, 
the effect can be expected by treatment the nerve 
entered point of muscle belly. The recommended site 

Table 1. The mean value of the distributed frequency of nerve 
entry points to the flexor pollicis longus muscle belly

Structures Mean ± SD  
[cm]

Distributed frequency 
(%)

Section 3 (20–30%) 26.0 ± 0.2 1.4

Section 4 (30–40%) 36.2 ± 2.2 25.2

Section 5 (40–50%) 45.2 ± 3.5 58.8

Section 6 (50–60%) 53.1 ± 2.7 10.8

Section 7 (60–70%) 64.0 ± 0.1 2.6

Section 8 (70–80%) 71.5 ± 0.1 1.2

SD — standard deviation

Table 2. The mean value of the distribution frequency of nerve 
entry points to the flexor digitorum profundus muscle belly

Structures Mean ± SD  
[cm]

Distributed frequency 
(%)

Section 3 (20–30%) 27.2 ± 1.6 9.3

Section 4 (30–40%) 35.1 ± 2.7 60.1

Section 5 (40–50%) 43.0 ± 2.3 11.9

Section 6 (50–60%) 54.9 ± 3.3 11.7

Section 7 (60–70%) 62.3 ± 2.1 7.0

Section 8 (70–80%) – –

SD — standard deviation

Table 3. Nerve position change in accordance with muscle contraction (unit: %)

Variable

A B C D E F

Value 26.8 ± 1.9 29.9 ± 3.1 39.1 ± 2.7 44.3 ± 2.7 45.1 ± 3.0 45.4 ± 4.3

A — branch outpoint from median nerve in an open hand position; B — branch outpoint from median nerve in a closed fist hand position; C — nerve entry point of the flexor digitorum 
profundus muscle belly in an open hand position; D — nerve entry point of the flexor digitorum profundus muscle belly in a closed fist position; E — nerve entry point of the flexor pollicis 
longus muscle belly in a palm opened position; F — nerve entry point in the flexor pollicis longus muscle belly in a fist closed position

er, after making a fist, the nerve change point was  
29.9 ± 3.1%. So, except for the FPL, the nerve out-
point branch and FDP were moved 3.0% in accord-
ance with hand movement (Table 3). The crossing 
point of the AIN with superior border of pronator 
quadratus was located at 76.1 ± 4.9% from the 
reference line. And the Gantzer muscle was found in 
16 out of 60 specimens (Figs. 2, 3).

DISCUSSION
The AIN branched out under the pronator teres 

from the median nerve. This location might have 
caused AIN entrapment from the position where the 
nerves are divided. It is thought that the condition 
of the surrounding muscles, like a pronator teres, 
will cause nerve pressure. In this study, the median 
nerve runs to the anterior aspect of the hand and 

Figure 4. Degree of nerve distribution to enter the muscle belly on the reference line; FDP — flexor digitorum profundus; FPL — flexor pollicis 
longus.
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of recovery is 40.0–50.0% for the FPL and 30.0–40.0% 
for the FDP in this study (Fig. 4). The nerve entry point 
to the muscle belly is reported in this study. The infor-
mation on the muscle belly nerve entry point can be 
used as helpful data for muscle and nerve relaxation 
during the clinical approach.

Clinically, the Gantzer muscle can also cause AIN 
syndrome [12]. Other anatomical studies have also 
indicated a relation between the Gantzer muscle and 
AIN syndrome [3]. The Gantzer muscle was found in 
16 out of 60 specimens from all 8 cadavers and on 
both sides. In all cases found, this was independently 
innervated, and the AIN passed under the Gantzer 
muscle. This locational cause can affect the AIN syn-
drome according Gantzer muscle existence.

In 3 out of 60 specimens, the flexor digitorum 
superficialis was innervated by a branch of the AIN. 
Although it was difficult to find previous studies, this 
will provide reference material for muscle analysis 
related to AIN syndrome. One of the limitations of 
this study is our inability to examine more specimens. 
The fact that there was a 5.0% variation in FDP muscle 
nerve position related to whether the hand is open 
or closed into a fist is considered to be meaningful 
for the anatomical study of nerve position changes 
as related to movement.

CONCLUSIONS
The results of this study found that nerve location 

entered muscle belly and also nerve location related 
to movement with anatomical various investigation 
will be considered to treat in clinical practice.
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Background: The carotid arteries serve as major blood supply to the head and 
neck region of the body. Understanding their structure and function in the patho-
genesis of stroke and in interventional neuroradiology due to luminal stenosis, 
atherosclerosis and wall stiffness is paramount. Doppler ultrasound scan plays key 
role in the early diagnosis of the pathologies of the arteries as it is an affordable, 
accessible, reliable and non-invasive clinical tool. Knowing normal average diameter 
of the carotid arteries among healthy individuals is important in making correct 
clinical diagnosis in any population. The aim of the study was to determine mean 
diameters of the carotid arteries among healthy adult Nigerians for reference. 
Materials and methods: This was a prospective study involving 104 healthy Ni-
gerians within the ages of 18 and 65 years who had their carotid arteries scanned 
on both sides and each diameter was measured. A 95% confidence level was 
used; a p-value of < 0.05 was significant.
Results: Of the studied population, 62 were males and 42 were females, and the 
average age of the subjects was 28.32 ± 9.09 years. From this study, the aver-
age luminal diameter of the common carotid artery = 0.61 ± 0.08 cm, internal 
carotid artery = 0.60 ± 0.08 cm and external carotid artery = 0.49 ± 0.10 cm.  
The results showed that although, there are differences in measurements between 
the two sexes (males slightly higher than females in common carotid artery) and 
between right and left sides (with right side slightly higher), they are not statis-
tically significant. 
Conclusions: This sonographic study on healthy Nigerian adults has given us 
normal reference values of the luminal diameters of the carotid arteries among 
Nigerians, which clinicians can make reference to, when assessing carotid artery 
diameters of patients in Nigeria. (Folia Morphol 2022; 81, 3: 579–583)

Key words: carotid artery, luminal diameter, ultrasound scan, reference 
values, Nigerians
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INTRODUCTION 
Blood supply to the brain is one of the key reasons 

why neurosurgeons and neurologists are interested 
in the structure and function of the carotid arteries, 
especially the internal carotid artery. The carotid ar-
teries also play cardinal role in regulating the volume 
and pressure of blood that reaches the head and neck 
in addition to supplying oxygenated blood, as they 
are known to be influenced by cardiac outputs and 
blood pressure. However, the internal carotid artery 
(ICA) also serves as a gateway for vascular interven-
tions in the brain, in addition to supplying blood to 
the cerebrum [8, 13, 23]. Stroke is global killer and 
the relationship between carotid artery diameter and 
cardiovascular risk for cerebrovascular events with 
the attendant compensatory dilation in atheroscle-
rosis has been established [10, 20]. Interestingly, the 
carotid artery is also known to suffer several disease 
conditions that may affect its major function [14]. 
Atherosclerosis, luminal stenosis, wall stiffness may all 
affect its effective diameter, elasticity, and the velocity 
and volume of blood it can supply to the brain [25].

Ultrasonography is currently the first and preferred 
mode of assessment of the carotid arteries by clinicians 
because it is easily affordable, accessible, reliable with 
little or no complications as a non-invasive method 
with ease for follow-up [12, 17, 19, 24]. However, it 
would be difficult to state the exact degree of stenosis 
or dilation of the carotid arteries without normal refer-
ence values in the patient’s environment, as there are 
indications to show racial variations in the size of the 
arteries [7]. In Nigeria, most clinicians use reference 
values in foreign texts to deduce their conclusion on the 
status of the luminal diameters of the carotid arteries, 
especially when there are no obvious atherosclerotic 
plagues to suggest pathology. This is partly because 
there is no existing established data of normal stand-
ardized reference values from healthy Nigerian subjects.

The aim of this study was to determine the mean 
luminal diameters of the carotid arteries in healthy 
adults to serve as normal reference values for clinical 
diagnostics among Nigerian patients.

MATERIALS AND METHODS
One hundred and four (104) healthy Nigerian 

adults between the ages of 18 and 65 years were 
sampled in this prospective cross-sectional study. The 
study was approved by the Ethics Committee of the 
University of Port Harcourt. Adequate consent from 
all participants was obtained. Subjects with history 

and overt signs of cardiovascular, cerebrovascular and 
metabolic disorders were excluded. Using ultrasound 
scan machine “EcoMed” version VERTU-3 Portable 
USG with linear transducer and frequency of 7.0 MHz, 
all participants were scanned by experienced radiolo-
gist. Sonographic measurements of luminal diameter 
for common carotid artery (CCA), ICA and external 
carotid artery (ECA) on both right and left sides about 
1 cm from the carotid bifurcation in grayscale and 
B-mode were made. The measurements were done 
according to the recommendations of the Japan So-
ciety of Ultrasonics in Medicine and the American 
Society of Echocardiography using two-dimensional 
(2D) ultrasound images in end-diastolic phase. The 
diameter was basically obtained as the distance be-
tween one intimal layer and its opposite intimal layer 
[18, 22]. All measurements were in centimetres (cm). 

statistical analysis

The data acquired was analysed using the IBM 
SPSS version 23.0 from which, mean, standard devia-
tion and T-test based on age and sex were calculated. 
Using a 95% confident level, p-value of < 0.05 was 
significant. Figure 1 shows a measured carotid artery.

RESULTS
Out of the total 104 subjects, the males were 62 and  

females 42. The average age of the subjects was  
28.32 ± 9.09 years. The average height, weight, body 
mass index and blood pressure of the subjects were  
1.72 ± 0.06 m, 67.65 ± 12.42 kg, 22.84 ± 4.15 kg/m2 and 
113.92 ± 13.46/73.40 ± 9.84 mmHg, respectively. As  
shown in the Table 1, the results of this study showed 
that there are differences in measurements between 
the two sexes (males slightly higher than females in 
CCA and females higher than males in ICA and ECA) 
and between right and left sides (with right side slightly 
higher); however, they are not statistically significant. 
The right diameter measurements for CCA are, males = 
0.63 ± 0.09, females = 0.61 ± 0.07; for ICA, males = 
0.60 ± 0.09, females = 0.61 ± 0.10; for ECA, males = 
0.49 ± 0.08, females = 0.51 ± 0.09. The left diameter 
measurements for CCA, males = 0.60 ± 0.09, females =  
0.59 ± 0.06; for ICA, males = 0.60 ± 0.07, females = 
0.61 ± 0.07; for ECA, males = 0.47 ± 0.14, females = 
0.49 ± 0.07. From this study, the average luminal diam-
eter for both sexes for the CCA = 0.61 ± 0.08 cm, ICA = 
0.60 ± 0.08 cm and ECA = 0.49 ± 0.10 cm. Reference 
range of values for the diameters of the carotid arteries 
within which diameters can be said to be normal were 
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calculated using the formulae according to Kirkwood 
and Sterne (2003) [6]; Lawless and Fredette (2005) [11] 
below and are represented in Table 2.

1 
 

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 =  𝑚𝑚𝑚𝑚 − 𝑡𝑡𝑡𝑡0.975,∞ × �𝑛𝑛𝑛𝑛 + 1
𝑛𝑛𝑛𝑛

× 𝑆𝑆𝑆𝑆.𝐷𝐷𝐷𝐷

𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 =  𝑚𝑚𝑚𝑚 + 𝑡𝑡𝑡𝑡0.975,∞ × �𝑛𝑛𝑛𝑛+1
𝑛𝑛𝑛𝑛

× 𝑆𝑆𝑆𝑆.𝐷𝐷𝐷𝐷

𝑡𝑡𝑡𝑡0.975,∞ = 1.96

where, 

1 

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 𝑚𝑚𝑚𝑚 𝑚 𝑚𝑚𝑚𝑚0.975,∞ × �𝑛𝑛𝑛𝑛 + 1
𝑛𝑛𝑛𝑛

× 𝑆𝑆𝑆𝑆.𝐷𝐷𝐷𝐷

𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 𝑚𝑚𝑚𝑚 + 𝑚𝑚𝑚𝑚0.975,∞ × �𝑛𝑛𝑛𝑛𝑛𝑛
𝑛𝑛𝑛𝑛

× 𝑆𝑆𝑆𝑆.𝐷𝐷𝐷𝐷

𝑚𝑚𝑚𝑚0.975,∞ = 1.96, n — sample size, S.D — stand-
ard deviation [6, 11]. 

DISCUSSION 
Carotid artery lumen plays an important role in 

clinical practice in the cardiovascular as well as vascu-
lar neurosurgical sectors. The importance of normal 
reference values to guide diagnostic and operative 
work up in-patient care cannot be overemphasized. 
The lack of Nigerian data with normal anatomical 
range of values for carotid artery diameters is one 
major problem this research has solved. Relying solely 
on foreign data is not desirable as there are known 
and established racial or demographic differences  
[7, 9, 16] that would also affect clinical decision-making  
in patient care in Nigeria. More so, the carotid arter-
ies are not all the same in calibre and morphology  
[2, 21]. Furthermore, from our study, the proximity in 
diameter of the lumen of the internal carotid artery  
(0.60 cm) to that of the common carotid artery  
(0.61 cm) confirms that the former is a direct branch 
of the later as noted in embryology of the vessels as 

Table 1. Descriptive statistics of the measured dimensions of the carotid arteries

Carotid artery diameter [cm] Male (n = 62) Female (n = 42)

Min Max Mean ± SD Min Max Mean ± SD

Right

CCA diameter 0.46 0.83 0.63 ± 0.09 0.43 0.77 0.61 ± 0.07

ICA diameter 0.35 0.81 0.60 ± 0.09 0.27 0.79 0.61 ± 0.10

ECA diameter 0.31 0.71 0.49 ± 0.08 0.33 0.79 0.51 ± 0.09

Left

CCA diameter 0.42 0.77 0.60 ± 0.09 0.47 0.70 0.59 ± 0.06

ICA diameter 0.39 0.73 0.60 ± 0.07 0.43 0.81 0.61 ± 0.07

ECA diameter –0.43 0.71 0.47 ± 0.14 0.26 0.66 0.49 ± 0.07

Min — minimum; Max — maximum; SD — standard deviation; CCA — common carotid artery; ICA — internal carotid artery; ECA — external carotid artery

Table 2. Reference value ranges for the diameters of the  
carotid arteries

Parameter (cm) Male Female Total 

Common carotid artery diameter 0.46–0.74 0.44–0.79 0.45–0.76

Internal carotid artery diameter 0.45–0.76 0.44–0.75 0.44–0.75

External carotid artery diameter 0.34–0.65 0.26–0.69 0.30–0.67

Figure 1. Doppler scan of carotid arteries with 
measurements.
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they both developed from the same third aortic arch. 
Whereas, a wide difference is noted between the 
CCA and the ECA (0.49 cm), which developed from 
a different source (ventral pharyngeal artery) [3].

Review of similar studies in Sweden, by Jensen- 
-Urstad et al. [5] noted the mean CCA in Swedish males  
and females as 0.63 ± 0.6 cm and 0.56 ± 0.5 cm, 
respectively with significant difference between the 
two sexes. However, in our index Nigerian study mean 
CCA diameter for males and females were 0.62 ±  
± 0.09 cm and 0.60 ± 0.07 cm, respectively, where 
we find close values with that of the Swedish study 
only in the males but noted higher values in our fe-
males in comparison to that of the Swedish. In the 
United States, one study by Krejza et al. [9] gave nor-
mal values of diameter of CCA of males and females as 
0.65 ± 0.98 cm and 0.61 ± 0.80 cm, respectively. In 
another study by Hwaung et al. [4], mean total values 
for the females (0.62 ± 0.88 cm) were higher than 
those for the males (0.57 ± 0.79 cm) in same country. 
This is similar to our study with the diameters of ICA 
and ECA, where the values for females were higher 
than those of males. Although there was significant 
difference between the sexes with reference to the 
diameters of the carotid in the study by Hwaung et 
al. [4], we did not record the same significance. 

Whereas our values for CCA in the males were 
lower than those from Sweden and those from one 
study in the United States, we had higher values for 
CCA in our females in comparison to those from 
Sweden [5, 9]. We also had higher values in our males 
compared with those of the second study from United 
States with relatively lower values in our females to 
theirs [4]. Our values were higher on both sides for 
the values published from an Iraqi study [17], where 
diameter of right CCA = 0.60 ± 0.7 cm and left  
CCA = 0.58 ± 0.7 cm.

In a Nigerian study, Agunloye and Owolabi [1] 
worked on two cohort groups of patients. The ‘con-
trols’ were hypertensive patients without any form 
of cerebrovascular accident and the ‘cases’ were hy-
pertensive patients with any form of cerebrovascular 
accident. The results of the CCA diameters obtained 
for the ‘controls’ (right CCA = 0.59 ± 0.07 cm and 
left CCA = 0.58 ± 0.12 cm) [1] were similar to those 
of our index study but slightly lower (0.62 ± 0.08 cm 
and 0.59 ± 0.08 cm, respectively). One would have ex-
pected their values to be higher than normal healthy 

subjects as in our study based on the hypertensive 
factor [15, 20]; however, this was not the case. It may 
be that the degree of hypertension in the ‘control’ 
group at that time had not affected the diameter of 
the subjects just as there were no clinical signs or 
symptoms of stroke. This is an important point to 
note as the values of carotid artery diameter from 
the ‘case’ group, which were those hypertensives 
patients with any form of cerebrovascular event (right  
CCA = 0.66 ± 0.10 cm and left CCA = 0.63 ± 0.10 
cm) were much higher than values from our study. 

Since we were dealing with apparently healthy 
population with the aim of providing reference val-
ues, it was important to restrict the extremes of age. 
We believe the age bracket and body size of the sub-
jects could have also played key roles in determining 
the diameter of the carotid arteries in our index study 
as they were mostly young adults with normal body 
size and blood pressure with no obvious clinical co-
morbidities, where age and weight related changes 
have not become evident. This select population was 
important for the inclusion criteria as laboratory se-
rum investigations which were termed invasive were 
not also intended.

Limitations of the study

The study did not include laboratory work up of 
the subjects, such as serum cholesterol, as the were 
no intents or consent for invasive investigations of 
the subjects.

CONCLUSIONS
This sonographic study on healthy Nigerian adults 

has given us normal reference values for the luminal 
diameters of the carotid arteries (CCA, ICA and ECA), 
which clinicians can refer to, when assessing carotid 
artery diameters of patients in Nigeria for clinical de-
cision making. It also establishes that, although there 
are notable differences in values from different popu-
lations across countries, the Nigerian population has 
peculiar carotid artery diameter values, having higher 
values than some countries and lower for others, 
which needed to be established as the largest black 
nation in the world. It is also possible to infer the 
embryological relation between the CCA and the ICA 
based on their proximity in luminal size from our study.

Conflict of interest: None declared
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Background: The aim of this study was to evaluate morphologic features of 
healthy saphenous vein and internal thoracic artery, blood vessels used in coronary 
artery bypass graft (CABG) surgery, and compare results.
Materials and methods: Ten specimens of saphenous veins and ten of internal 
thoracic arteries used for CABG were obtained from 20 patients. Histological 
routine and immunohistochemical staining was performed with: endothelin (ET), 
tissue inhibitor of metalloproteinase 2 (TIMP2), metallomembranoproteinase 2 
(MMP2), transforming growth factor beta (TGFβ), hepatocyte growth factor (HGF), 
vascular endothelial growth factor (VEGF), protein gene product 9.5 (PGP9.5), 
vascular cell adhesion molecule (VCAM), intercellular adhesion molecule (ICAM). 
A semiquantitative evaluation method was used.
Results: There was found: a moderate number of endothelin-positive cells in 
both blood vessel types; a moderate number of MMP2-positive cells and mod-
erate in number to numerous TIMP2-positive cells in veins. In arteries — occa-
sionally marked positive MMP2 cells and negative TIMP2; moderate in number 
to numerous VEGF-positive endothelial cells on small blood vessels in vein wall 
and occasionally in artery wall; numerous TGFβ-positive structures in veins and 
abundance of VCAM- and ICAM-positive cells, few in arteries; few HGF-positive 
structures in veins, negative in arteries; In veins, few PGP9.5-positive nerve fibres, 
in arteries — moderate. Moderate TUNEL reaction-positive apoptotic cells in veins 
and few to moderate in arteries.
Conclusions: Vena saphena magna grafts are characterised by increased plasticity 
when it comes to modelling. Number of VEGF, VCAM and ICAM found in vena 
saphena magna proves the possible tendency of graft failure on basis of local 
blood supply intensification. Appearance of endothelin positive cells indicate the 
similar homeostasis condition in endotheliocytes in both — vein and artery grafts. 
(Folia Morphol 2022; 81, 3: 584–593)

Key words: immunohistochemistry, saphenous vein, internal thoracic  
artery 

INTRODUCTION
Arteries (arteria thoracica interna) and veins (vena 

saphena magna) are often used for coronary artery 

bypass graft (CABG) surgery. Morphologic architec-
ture of relatively healthy blood vessel wall is known; 
however, qualitative data on morphologic features 
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and possible changes in blood vessels actually used in 
CABG surgery is lacking. Therefore, it was important to 
conduct a morphologic study and a comparison of both 
blood vessel types that might lead us to reasons that 
influence grafts post-operative sustainability.

There are differences and similarities in mor-
phologic characterisation of blood vessel wall; it is 
composed of three layers, the intima, media, and 
adventitia. In arteries the internal elastic layer further 
separates the intima and media, and the external elas-
tic layer separates the media and adventitia [14, 45].

The intimal luminal surface is lined by the en-
dothelium which is a continuous layer of flat polygo-
nal endothelial cells in direct contact with blood flow. 
In venous system these cells produce vasorelaxants, 
such as prostacyclin and nitric oxide, that prevent 
platelet activation, adhesion, and aggregation. Ni-
tric oxide also negatively affects the expression of 
chemical mediator secretion and inflammatory cell 
adhesion molecules including intercellular adhesion 
molecule-1 (ICAM-1) and vascular cell adhesion mol-
ecule-1 (VCAM-1) [9, 37, 45]. 

In arteries, the thickness of the intima increases 
with age (phlebosclerosis). The earliest signs of ath-
erosclerosis appear in the areas of sheer stress and 
increased intimal thickness [9, 17, 40]. In case of in-
flammation, the glycocalyx is sheared off, permitting 
the attachment of leukocytes and the transport of 
water from microvessels, and possibly initiating the 
development of atherosclerotic lesions [43].

Intimal layer in arteries ends with internal elastic 
lamina that may function as a barrier to macromo-
lecular accumulation in the vascular wall. Structural 
defects within the internal elastic lamina are directly 
implicated in the onset of intimal thickening in human 
arteries [42].

Media is a porous heterogeneous medium consist-
ing of an extracellular matrix with embedded smooth 
muscle cells (SMC). In larger veins, such as the saphen-
ous vein, there are coarse bundles of irregular muscle, 
partially organized into longitudinal and circular layers 
[17, 22, 45]. Arteries are classified as either elastic or 
muscular according to the proportion of cellular and 
fibrous components in this layer or transitional if they 
have features of both elastic and muscular arteries [50]. 
The internal thoracic artery is an artery of the transi-
tional (mixed) type. The nonfenestrated internal elastic 
lamina of the internal thoracic artery may inhibit cellu-
lar migration, perhaps preventing the initiation of inti-
mal hyperplasia and the initiation of atherosclerosis [5].  

Nonparallel branching elastin strands in media increase 
the capacity to change diameter under neurohumoural 
stimulation. However, in general it is less well devel-
oped in veins than that of the arterial system. This thin 
media in veins may contribute to the development of 
varicosities in lower extremities [17, 22, 45]. The tuni-
ca media contains extracellular connective elements 
(elastin, collagen types I and III, proteoglycans, and 
glycosaminoglycans). Transforming growth factor beta 
(TGFβ) downregulates smooth muscle cell mitogenesis 
and stabilizes the extracellular matrix against smooth 
muscle cell migration. In addition, heparin and hepa-
rin-like molecules neutralise fibroblast growth factor 
to downregulate cell proliferation. This process is im-
portant because these factors keep the normal vessel 
wall in a state of low cell turnover with low rates of 
proliferation and apoptosis. Injury or changes to the 
environment, as when veins are exposed to arterial 
flow, can increase rates of proliferation or apoptosis 
[2, 6, 45].

Adventitia extends from the external elastic lamina 
to an ill-defined boundary usually contiguous with the 
perivascular connective tissue. The adventitia varies in 
thickness and organization. It is generally the thickest 
layer in large veins. Bundles of longitudinally orient-
ed SMC are interspersed with collagen and elastic 
fibres in this layer. Compared with vasa vasorum 
of corresponding arteries, vasa vasorum are much 
more extensive in venous adventitia and penetrate 
into deeper regions of the adventitia as well. Lower 
oxygen tension in venous blood is a possible expla-
nation for this phenomenon. In thick-walled arteries, 
mural stresses and deformations may affect the vasa 
vasorum [6, 37, 45].

In general, veins have thinner walls than their cor-
responding arteries because their cellular and fibrous 
components are typically more limited than those of 
the arterial system. This wall composition leads to 
the properties of veins as “capacitance vessels” and 
arteries as “resistance vessels.” It should be noted that 
the composition of vein walls is also different, with  
a relative abundance of collagen fibres, particularly in 
large veins, and a relative paucity of elastic fibres — as 
might be assumed from the diminished internal and 
external elastic laminae. Researchers have increas-
ingly recognized the vein graft tunica adventitia as 
an important repository of progenitor cells, which 
subsequently can migrate and proliferate, and as  
a source of vascular wall inflammatory cells, cytokines, 
and chemokines [20, 31, 45, 51].
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Specific factors for blood vessel wall

Endothelin-1 (ET-1) is the endogenous agonist for 
ET receptors [47]. ET-1 carries out its effects through 
two types of membrane G-protein-coupled receptors 
(ETA and ETB). ETB receptor function seems to differ 
between a similarly sized arterial and venous pair 
[39]. Many important functions are mediated by the 
activation of these receptors, such as cardiovascular 
remodelling, vasoconstriction, cell proliferation and 
differentiation, production of extracellular matrix, and 
water and sodium secretion control. ET receptors can 
be found on vascular SMC, adventitial fibroblasts, and 
mostly endothelial cells [1, 46, 48].

Matrix metalloproteinases (MMPs) are a family of 
endopeptidases whose primary function is the cleav-
age and degradation of extracellular matrix compo-
nents that are involved in wound healing, tissue repair 
and remodelling in response to injury and vasocon-
striction. It is believed that MMPs are induced in the 
vessel wall in response to increased blood flow and 
are involved significantly in arterial wall remodelling. 
MMPs are produced by SMC and macrophages to 
actively modify the matrix. Activities of those proteins 
are regulated by tissue inhibitors of metalloprotein-
ases (TIMPs). In addition to an inhibitory role against 
metalloproteinases, they also directly suppress the 
proliferation of endothelial cells maintaining tissue 
homeostasis by suppressing the proliferation of qui-
escent tissues in response to angiogenic factors, and 
by inhibiting protease activity in tissues undergoing 
remodelling of the extracellular matrix [33, 35, 45, 48].

Encoded transforming growth factor beta pro-
tein regulates cell proliferation, differentiation and 
growth, and can modulate expression and activation 
of other growth factors. TGFβ critically regulates the 
development of neointima formation following vas-
cular injury [23, 28–30].

Hepatocyte growth factor (HGF) is an angiogen-
ic, cardioprotective factor important for tissue and 
vascular repair. High levels of HGF are associated 
with chronic inflammatory diseases, such as coronary 
artery disease (CAD) and are suggested as a marker 
of the ongoing atherosclerotic event in patients with 
CAD. Pleiotropic growth factor has potential angio-
genic, anti-apoptotic, antifibrotic and anti-inflamma-
tory benefits [28, 30].

Vascular endothelial growth factor (VEGF) is  
a secreted glycoprotein believed to be a multifunc-
tional regulator of endothelial cell growth whose 
biological activities are mediated via receptors which 

are expressed predominantly on vascular endothelial 
cells. It induces proliferation and migration of vascular 
endothelial cells and is essential for both physiolog-
ical and pathological angiogenesis. Stretch-induced 
modulation of genes involved in myogenic differenti-
ation contributes to the vascular remodelling that un-
derlies pathologic complications, such as neointima 
development and atherosclerosis, of the vein grafts  
[7, 13, 22, 41].

Protein gene product 9.5 (PGP9.5) is also known as 
ubiquitin C-terminal hydrolase 1 (UCHL-1). It is highly 
specific to be expressed in neurons and in cells of the 
diffuse neuroendocrine system. Originally isolated 
as a neuron-specific protein, it also plays important 
roles in the nonlysosomal proteolytic pathway. In the 
vascular system PGP9.5-immunoreactivity occurs in an 
extensive plexus of fine perivascular nerve fibres and 
fascicles running around and along both arteries and 
veins, mainly at the adventitial-medial border [18, 24].

Vascular cell adhesion molecule-1 encodes a cell 
surface protein expressed by cytokine-activated en-
dothelium. It is not expressed under baseline con-
ditions but is rapidly induced by proatherosclerotic 
conditions [27].

Intercellular adhesion molecule-1 is a member 
of the immunoglobulin superfamily of adhesion re-
ceptors. It is a cell surface protein which is typically 
expressed on endothelial cells and cells of the immune 
system and is involved in the binding of a cell to 
another cell or to the extracellular matrix. Levels of 
endothelial ICAM-1 expression greatly increase after 
stimulation by cytokines (e.g., IL-1, TNF-α, IFN-γ), or 
bacterial endotoxin. They have roles in cell prolifer-
ation, differentiation, motility, trafficking, apoptosis 
and tissue architecture [8, 12].

Increased shear stress upregulates ICAM-1, steady 
shear stress upregulates VCAM-1, and oscillatory 
stress decreases levels of both molecules [45].

Terminal deoxynucleotidyl transferase (TdT) dUTP 
nick-end labelling (TUNEL) assay has been designed 
to detect apoptotic cells that undergo extensive DNA 
degradation during the late stages of apoptosis [26].

The aim of this study was to evaluate morpho-
logic features of healthy saphenous vein and healthy 
internal thoracic artery used in CABG surgery and 
compare results.

MATERIALS AND METHODS
Twenty blood vessel samples were acquired in 

Pauls Stradins Clinical University Hospital, Heart Sur-
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gery Centre from patients who were admitted to the 
hospital for CABG surgery. Patients’ records were 
retrieved and analysed according to a predetermined 
protocol.

Ten specimens of saphenous veins used for CABG 
were obtained from 10 patients (7 males and 3 fe-
males, age ranged from 55 to 81 years old) and ten 
specimens of internal thoracic arteries used for CABG 
were obtained from 10 patients (8 males and 2 fe-
males, age ranged from 54 to 75 years old). 

Hospitals Ethics Committee and local Committee 
of Ethics at Riga Stradins University approved the re-
search on 22nd February of 2018. Before the surgery 
all patients were informed about the procedure of 
collecting the sample, possible risks and agreed on 
the procedure by signing patient’s consent.

Data on vascular risk factors (age, sex, body mass 
index, smoking habits, physical activities, pregnancies, 
use of hormonal drugs) were collected from all patients.

Methods

During the surgery, after obtaining a blood vessel 
used as bypass, a size of 2–3 cm tissue samples from 
that blood vessel were removed for the study and 
taken to the laboratory.

Tissue samples delivered to the laboratory were 
immersed for 24 hours in Stefanini liquid — a mixture 
consisting of 2% formaldehyde and 0.2% picric acid in 
0.1-M phosphate buffer (pH 7.2) for fixation [44]. Af-
terwards they were washed for 12 hours in phosphate 
buffer (pH 7). Then, tissue samples were embedded in 
paraffin and using microtome cut into 3–4 µm thick 
sections. Xylene was used to clear off paraffin, and 
alcohol 96º to dehydrate tissue sections. The slides 
were prepared for histological routine staining and 
immunohistochemical staining using the HiDef Detec-
tion™ HRP Polymer System to identify the following 
markers in tissue samples: ET (mouse, ab-2786, 1:250, 
Abcam), MMP2 (mouse, sc-53630, 1:100, Santa Cruz 
Biotechnology, Inc.), TIMP2 (mouse, sc-21735, 1:200, 
Santa Cruz Biotechnology, Inc.), TGFβ (rabbit, sc-82, 
1:100, Santa Cruz Biotechnology, Inc.), HGF (goat, 
f-21, 1:300, RD Systems), VEGF (rabbit, orv-191500, 
1:100, Biorbyt), PGP9.5 (rabbit, 439273a, 1:200, In-
vitrogen), VCAM (goat, cd-106, 1:200, RD Systems), 
ICAM (goat, cd-54, 1:300, RD Systems).

Next step included rinsing of tissue samples in 
wash buffer (TRIS) (Lot 0713513, Diapath S.p.A., 
Italy) twice for 5 minutes, then placing them in  
a microwave oven for up to 20 minutes in boiling 

EDTA buffer (Lot 0713311, Diapath S.p.A., Italy) and 
then cooling down until 65ºC (approximately 20 min-
utes). The specimen was placed in a TRIS wash buffer, 
and blocking with peroxidase block (Lot 1213603A, 
Cell Marque, USA) was performed for 10 minutes. 
After rinsing twice for 5 minutes it was once more 
rinsed in TRIS for 5 minutes.

Different staining systems were used, taking into 
account the origin of the antibodies.

When obtained from goat, LSAB system (Santa 
Cruz Biotechnology, Inc., USA) was used. Primary 
antibody was introduced for 2 hours. Before and 
after incubation with secondary antibody (biotin) 
for 30 minutes, it was washed in TRIS for 5 minutes. 
Next step was incubation with horseradish peroxi-
dase-streptavidin complex for 30 minutes followed 
by washing with TRIS for 5 more minutes. 

When obtained from mouse or rabbit, the EnVi-
sion staining system (Lot 1528902C, Cell Marque, 
USA) was used. Primary antibody was introduced 
for 1 hour. Before and after the EnVision+/binding 
for 30 minutes, it was washed in TRIS twice, each 
for 5 minutes.

To stain any of these tissues, they were covered 
with 3,3’-diaminodbenzidine sensitive colorimetric 
substrate and left in room temperature for 10 minutes 
and then washed in distilled water for 5 minutes. At 
this point positive structures stained brown. To stain 
negative structures, haematoxylin (Mayer’s haema-
toxylin, Bio Optica Milano S.p.A., Italy) was used for 
2 minutes.

To detect and quantify apoptotic cell death at sin-
gle cell level in cells and tissues in situ Cell Detection 
Kit was used. Dewaxation and rehydration of paraffin 
embedded tissue according to standard protocol 
by heating at 60oC followed by washing in xylene 
and rehydration through a graded series of ethanol 
and double distilled water. In next phase incubation 
of tissue sections for 15–30 minutes at +21oC to 
+37oC with proteinase K takes place. TUNEL mixture 
is prepared immediately before use and is kept on 
ice until use. Meanwhile slides are rinsed twice with 
phosphate buffered saline (PBS) and area around 
the sample is dried. TUNEL reaction mixture is added 
on the sample. It is covered with a lid and left for 
incubation for 60 minutes at +37oC in a humidified 
atmosphere in the dark. Reaction is finished with 
rinsing it with PBS.

For the analysis of the positive structures detected 
by immunohistochemistry, a semiquantitative evalu-
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ation method was used [38]. The designations were 
as follows: 0 — negative reaction; 0/+ — occasionally 
marked structures in the view field; + — a few pos-
itive structures in the view field; +/++ — a few to 
moderate number of positive structures in the view 
field; ++ — a moderate number of positive structures 
found in the view field; ++/+++ — moderate to 
numerous positive structures; +++ — numerous pos-
itive structures in the view field; ++++ — abundance 
of positive structures in view field. Ten view fields for 
each slide were analysed at magnification of ×200 
by semiquantitative method. The evaluation was per-
formed with Leica microscope by two independent 
researchers with following comparison of the results 
later. Median of the results for each slide was then 
processed further. IBM SPSS programme was used 
for statistical analysis. Spearman correlation test was 
performed for finding correlations. For statistical com-
parison Mann-Whitney U test was performed.

RESULTS
Routine morphology

Vein wall as well as arterial wall was composed of 
three tunicae evaluated in routine staining. The first 

Figure 1. Note a classic picture of vena saphena magna wall with three intact layers — tunica intima, tunica media and tunica adventitia (A), 
with one exception (B) of hyperplasia of tunica intima (arrow), where it is thick and wider than tunica media; haematoxylin and eosin, ×100. 
In comparison, note a classic picture of arteria thoracica interna wall with three layers — tunica intima, tunica media and tunica adventitia (C) 
and atheromatous deposit in tunica intima (arrow), which was found in half of the arteria thoracica interna specimens (D); haematoxylin  
and eosin, ×200.

tunica from the luminal side was the intima, which 
was fully or partially covered with endothelial cells. Tu-
nica intima in all vein specimens was thinnest from all 
the layers (Fig. 1A) with one exception, where tunica 
intima was thick, wider than tunica media (Fig. 1B).  
Even though arterial specimens also showed all three 
tunicae (Fig. 1C) in half of the specimens tunica intima 
revealed atheromatous deposits (Fig. 1D). The media 
in veins was thick and filled with SMC with one ex-
ception, where tunica media was thin. Tunica media 
in all arteries was thick and filled with SMC. Tunica 
adventitia in both arteries and veins consisted of 
bundles of collagen fibres, fibroblasts, vasa vasorum 
from which few were sclerotic in all vein specimens 
and only in two artery specimens.

Immunohistochemistry results

A moderate number of (++) endothelin-positive 
endothelial cells were found in veins as well as in 
arteries (Table 1). 

A moderate number of (++) MMP2-positive en-
dothelial cells, SMC and fibroblasts (Fig. 2A) and 
variable — mainly moderate to numerous (++/+++) 
TIMP2-positive endothelial cells, SMC and fibroblasts 

Table 1. Median values of immunohistochemical evaluation results

Blood vessel Endothelin MMP2 TIMP2 TGFβ HGF VEGF PGP9.5 VCAM ICAM TUNEL

Vena saphena magna ++ ++ ++/+++ +++ + ++/+++ + ++++ ++++ ++

Arteria thoracica interna ++ 0/+ 0 + 0 0/+ ++ + + +/++

MMP2 — metallomembranoproteinase 2; TIMP2 — tissue inhibitor of metalloproteinase 2; TGFβ — transforming growth factor beta; HGF — hepatocyte growth factor; VEGF — vascular 
endothelial growth factor; PGP9.5 — protein gene product 9.5; VCAM — vascular cell adhesion molecule; ICAM — intercellular adhesion molecule; TUNEL — terminal deoxynucleotidyl 
transferase (TdT) dUTP nick-end labelling

A B C D
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(Fig. 2B) were found in veins. Despite variability, in all 
cases positive structures were evaluated as equal with 
both MMP2 and TIMP2 with one exception, where 
MMP2-positive structures were evaluated as moder-
ate (++), but TIMP2-positive structures were evalu-
ated as few (+). Comparing to arteries — variable, 
but mostly occasionally marked (0/+) MMP2-positive 
endothelial cells, SMC and fibroblasts (Fig. 2C) and 
variable, but mostly negative (0) TIMP2 reaction on 
endothelial cells, SMC and fibroblasts (Fig. 2D) were 
found. In all cases there were more positive structures 
for MMP2 than TIMP2 with one exception, where they 
were evaluated as equal. 

Moderate in number to numerous (++/+++)
VEGF-positive endothelial cells were found on small 
blood vessels in vein wall (Fig. 3A); however, only oc-
casionally (0/+) VEGF-positive endothelial cells were 
found on small blood vessels in artery wall (Fig. 3B).

All vein specimens were rich with TGFβ, VCAM and 
ICAM: numerous (+++) TGFβ structures, abundance 
(++++) of VCAM- and ICAM-positive endothelial 
cells were also found. All arterial specimens had few 
(+) TGFβ-, VCAM- and ICAM-positive structures.

Hepatocyte growth factor expression was not 
characteristic in veins or in arteries: only few (+) pos-
itive structures were found in tunica intima of veins 
and in arteries no (0) positive structures were found. 

In tunica adventitia of veins few (+) PGP9.5-positive 
nerve fibres were found, comparing to the same layer of 
arteries that was slightly more innervated, where mod-
erate (++) PGP9.5-positive nerve fibres were found.

A moderate number of (++) TUNEL reaction-pos-
itive apoptotic cells were found in veins and few to  
a moderate number of (+/++) TUNEL reaction-posi-
tive apoptotic cells were found in arteries.

There was a significant difference in the number 
of MMP2-, TIMP2-, TGFβ-, VCAM-, ICAM- and HGF- 
-positive structures between arteries and veins  
(U = 0.000, p < 0.001).

There was also found significant difference in the 
number of VEGF-positive structures between arteries 
and veins (U = 4.000, p < 0.001) and significant 
difference in the number of TUNEL reaction-pos-

Figure 2. Throughout all layers of vena saphena magna there can be seen moderate (++) metallomembranoproteinase 2 (MMP2)-positive 
endothelial cells, smooth muscle cells and fibroblasts (A), MMP2 immunohistochemical staining, ×100 and numerous (+++) tissue inhibi-
tor of metalloproteinase 2 (TIMP2)-positive endothelial cells, smooth muscle cells and fibroblasts (B), TIMP2 immunohistochemical staining, 
×200. In comparison, throughout all layers of arteria thoracica interna there can be seen few (+) MMP2-positive endothelial cells, smooth 
muscle cells and fibroblasts (C), MMP2 immunohistochemical staining, ×200 and occasionally marked (0/+) TIMP2-positive endothelial 
cells, smooth muscle cells and fibroblasts (D), TIMP2 immunohistochemical staining, ×200.

A B C D

Figure 3. Note adventitial layer of vena saphena magna with abun-
dance (++++) of vascular endothelial growth factor (VEGF)-pos-
itive endothelial cells found in small blood vessels (A) in compari-
son with adventitial layer of arteria thoracica interna with few (+) 
VEGF-positive endothelial cells found in small blood vessels (B), 
VEGF immunohistochemical staining, ×400.

A B
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itive apoptotic cells between arteries and veins  
(U = 12.000, p = 0.003).

Results for endothelin- and PGP9.5-positive struc-
tures did not show significant difference between 
arteries and veins.

There was a significant correlation between the 
number of HGF-positive structures and the number 
of TIMP2-positive structures in veins. The correlation 
level is medium positive (r = 0.731; p = 0.016).

DISCUSSION
Saphenous vein grafts remain the most commonly 

implanted surgical conduits during CABG, yet they are 
prone to accelerated atherosclerosis and subsequent 
failure [19]. Internal thoracic artery grafts exhibit  
a striking absence of occlusive lesions, and has far su-
perior patency rates compared to the saphenous veins 
following CAGB surgery. The reason for these unique 
artery qualities has not been clearly determined, but 
is most likely multifactorial [4].

Even though our study showed the amount of 
endothelin expressed in veins and arteries were sim-
ilar, reasons behind this result may be different. As 
saphenous vein grafts are exposed to arterial blood 
flow and pressure, they might generally exhibit un-
favourable vascular remodelling afterwards [4, 11]. 
Studies have suggested that competitive flow is an 
important factor in early internal thoracic artery 
graft failure. Flow competition from minimally dis-
eased native coronary vessels has been implicated 
in the failure of these grafts, but it was not thought 
to affect saphenous vein graft patency [34, 36]. In  
a study (Meng et al., 2013 [34]) that established a swine  
model of CABG with a left internal mammary artery 
graft to the left anterior descending coronary artery, 
in order to investigate the influence of competitive 
flow on left internal mammary artery graft flow, it was 
found that plasma concentration of the endothelin 
in left internal mammary artery after grafting was 
significantly higher than that before grafting [34]. 
This shows that changes of blood flow in both types 
of blood vessels used as CABG impact the patency 
of a graft.

Expression levels of MMPs and TIMPs should al-
ways be evaluated together as MMPs are involved in 
tissue repair and remodelling, but activities of those 
proteins are regulated by TIMPs by inhibition and also 
suppression of the proliferation of endothelial cells 
maintaining tissue homeostasis [33, 35]. The extra-
cellular matrix is a dynamic structure that requires 

constant synthesis and degradation by MMPs [15, 16]. 
We found that in saphenous vein grafts the number 
of MMP- and TIMP2-positive structures was moderate 
to numerous and mostly equal and this might be the 
basic level of expression of these factors in the vein. 
Or this could be explained by sudden change in blood 
flow and pressure requiring active change of extra 
cellular matrix as normally venous blood pressure is 
lower and does not require such levels of these pro-
teins. In internal thoracic arteries both proteins were 
found to be variable, but MMP2 were mostly occa-
sionally marked positive, but TIMP2 mostly negative. 
To provide constant change of extracellular matrix in 
higher blood pressure, expression of these proteins 
in internal thoracic artery grafts should be expected 
high to maintain a normal architecture of an arterial 
wall. Since in half of arterial specimen an atheroma-
tous plaque was observed in routine staining, which 
indicate a failure of maintaining such architecture. 
Furthermore, our study shows almost an absence of 
TIMP2 that normally would supress enzymes that de-
grade internal elastic membrane, resulting in vascular 
SMC and collagen fibres entering tunica intima, which 
was described as intimal hyperplasia.

We found numerous TGFβ-positive structures in 
saphenous vein wall, but all arterial specimens had 
few TGFβ-positive structures. TGFβ is a signalling 
family with essential functions in the physiologic 
homeostasis of the vascular endothelium and smooth 
muscle, as well as other tissues. TGFβ family includes  
a structurally diverse set of more than 33 cytokines 
that regulate the differentiation, proliferation, mi-
gration and survival of diverse cell types [53]. As 
Yuan et al. (2011) [52] states, severe vascular wall 
degeneration and collagen deposition together with 
overexpressed TGFβ signalling cytokines may provide 
preliminary evidence for the failure of the saphenous 
vein grafts. This might indicate internal thoracic artery 
grafts longer durability.

Allen et al. (1998) [3] states that adhesion mol-
ecules can increase the binding of leukocytes to the 
vascular endothelium, which is thought to be an 
important factor in the early development of ather-
osclerosis. Also harvesting the vein graft is known 
to activate the graft endothelium [21]. Our study 
showed abundance of VCAM- and ICAM-positive en-
dothelial cells in saphenous vein grafts, although arte-
rial specimens had only few VCAM- and ICAM-positive 
structures, which implies higher possibility for vein 
graft failure.
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Physiological remodelling of blood vessels before 
and after birth has been shown to be the result of 
a balance between apoptosis and cell proliferation. 
The role of apoptosis has been investigated in vessel 
remodelling that occurs as arteries adapt to changes 
in cardiovascular function after birth [32]. Cho et 
al. (1995) [10] have demonstrated that apoptosis 
significantly contributes to postpartum arterial re-
modelling and that changes in cell death rates alone 
may be sufficient to induce profound changes in the 
vessel wall mass.

Use of TUNEL reaction for detection of apoptotic 
cardiomyocytes in patients who underwent CABG 
surgery had been done before by Kovacević et al. 
(2007) [25]. However, apoptosis in myocytes of grafts 
haven’t been researched. Our study shows that there 
is a significant difference in the number of apop-
totic cells between arteries and veins. As moderate 
number of TUNEL reaction-positive apoptotic cells 
were found in veins and less TUNEL reaction-pos-
itive apoptotic cells were found in arteries, which 
suggests higher plasticity of vein wall in comparison 
to arterial wall.

Vascular endothelial growth factor plays a fun-
damental role in physiological and pathological an-
giogenesis and also induces endothelium-derived 
vasorelaxation [49]. More VEGF-positive endothelial 
cells were found on small blood vessels in vein wall 
than on small blood vessels in artery wall. This might 
indicate that more active angiogenesis takes place in 
the wall of a vein graft.

It is known that extensive plexus of fine perivas-
cular nerve fibres and fascicles is located around and 
along both arteries and veins, mainly at the adventi-
tial-medial border [18]. This shows that only the fas-
cicles of nerve fibres enter the wall of a blood vessel. 
That explains why we found only few PGP9.5-positive 
nerve fibres in veins, and the same layer of arteries 
was slightly more innervated. These results did not 
significantly differ between arteries and veins.

CONCLUSIONS
Vena saphena magna grafts are characterised by 

relatively higher number of MMP2-, TIMP2-, HGF- and 
TGFβ-positive structures than the artery graft, which 
suggest more seemingly an increase of plasticity when 
it comes to modelling of the vein grafts.

Notably higher expression of VEGF, VCAM and 
ICAM in vena saphena magna, but not arteria tho-
racica interna graft proves the possible tendency 

of graft failure on the basis of local blood supply 
intensification.

Arteria thoracica interna graft is characterised 
by moderate neuropeptide-containing innervation, 
which is much more indistinct in the vena saphena 
magna graft, while similar appearance of endothe-
lin-positive and apoptotic cells indicate the similar 
homeostasis condition in endotheliocytes and equal 
expression of programmed cell death ligands in both 
— vein and artery grafts.
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Background: The aim of the current work was to clarify the modulation role of 
green tea extract (GTE) over structural and functional affection of the thyroid 
gland after long term use of lithium carbonate (LC). The suggested underlying 
mechanisms participating in thyroid affection were researched.
Materials and methods: Twenty-four Sprague-Dawley adult albino rats were includ-
ed in the work. They were divided into three groups (control, LC, and concomitant 
LC + GTE). The work was sustained for 8 weeks. Biochemical assays were performed 
(thyroid hormone profile, interleukin 6 [Il-6]). Histological, histochemical (Periodic 
Acid Schiff [PAS]) and immunohistochemical (caspase-3, tumour necrosis factor 
alpha [TNF-α], proliferating cell nuclear antigen [PCNA]) evaluations were done. 
Oxidative/antioxidative markers (malondialdehyde [MDA]/gluthathione [GSH], super-
oxide dismutase [SOD]) and Western blot evaluation of the Bcl2 family were done.
Results: Lithium carbonate induced hypothyroidism (decreased T3, T4/increased 
thyroid-stimulating hormone [TSH]). The follicles were distended, others were 
involuted. Some follicles were disorganised, others showed detached follicular 
cells. Apoptotic follicular cells were shown (BAX and caspase-3 increased, Bcl2 
decreased, BAX/Bcl2 ratio increased). The collagen fibres’ content and proinflam-
matory markers (TNF-α and IL-6) increased. The proliferative nuclear activity was 
supported by increased expression of PCNA. Oxidative stress was established 
(increased MDA/decreased GSH, SOD). With the use of GTE, the thyroid hormone 
levels increased, while the TSH level decreased. Apoptosis was improved as BAX 
decreased, Bcl2 increased, and BAX/Bcl2 ratio was normal. The collagen fibres’ 
content and proinflammatory markers (TNF-α and IL-6) decreased. The expression 
of PCNA and caspase-3 were comparable to the control group. The oxidative 
markers were improved (decreased MDA/increased GSH, SOD).
Conclusions: In conclusion, prolonged use of LC results in hypothyroidism, which 
is accompanied by structural thyroid damage. LC induced thyroid damage through 
oxidative stress that prompted sterile inflammation and apoptosis. With the use 
of GTE, the thyroid gland regained its structure and function. The protecting role 
of GTE is through antioxidant, antifibrotic, anti-inflammatory, and antiproliferative 
effects. (Folia Morphol 2022; 81, 3: 594–605)

Key word: lithium carbonate, green tea extract, thyroid damage, 
oxidative stress, inflammation, apoptosis
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INTRODUCTION
Lithium and its salts such as lithium carbonate (LC) 

are commonly used for the treatment of numerous 
psychiatric illnesses [11]. It is used in the therapy of 
mood instability (bipolar disorder) and has a pro-
spective role in the therapy of mania and depression 
[23]. It precludes mood swings in patients with man-
ic-depressive disorder [7]. Although it is a unique 
drug, prolonged treatment with therapeutic levels 
may cause multisystem toxicity [25]. It can disturb 
the function of the heart, liver, kidney, testes, and 
gastrointestinal system. Additionally, it can induce 
diabetes insipidus, acneform eruptions, renal toxicity, 
and brain damage [15, 28, 43, 45]. 

The concentration level of lithium in the thyroid 
gland is 3–4 times that in plasma [5]. Lithium influ-
ences the function of the thyroid gland, either directly 
or indirectly via the hypothalamic-pituitary-thyroid axis 
[27]. It interferes with thyroid functions at the stage of 
hormonal secretion [13]. It competes for iodide trans-
port, increases thyroidal radioiodine retention, and de-
creases deiodination from T4 to T3 [27]. It may cause 
hypothyroidism, goitre, or infrequently thyrotoxicosis 
[13]. Some researchers reported lithium-induced hy-
pothyroidism was associated with oxidative stress [49]. 
Furthermore, others described the alteration of the 
thyroid gland at the cellular and subcellular levels [51].

Green tea (GT) is one of the common beverages 
in the globe. Its chief components are the polyphenol 
(catechins) [44]. GT catechins are epigallocatechin, 
epigallocatechin-3-gallate (EGCG), epicatechin, and 
epicatechin-3-gallate [12]. Moreover, GT contains caf-
feine, quercetin, chlorogenic acid, garlic acid, myrice-
tin, and kaempferol [44]. GT polyphenols have protec-
tive roles against neurodegenerative diseases, cancer, 
heart disease, lung damages, and diabetes [21, 44].

The mechanism through which LC induces thyroid 
damage at the cellular level is not clearly understood 
and not enough studied. Furthermore, no works have 
investigated the protective role of green tea extract 
(GTE) over such damage. So, the present work intend-
ed to clarify the modulation role of GTE over structural 
and functional affection of thyroid gland after long 
term use of LC. The suggested underlying mechanisms 
participating in thyroid affection were investigated. 

MATERIALS AND METHODS 
animals

Twenty-four Sprague-Dawley adult albino rats 
were included in the work. They were housed in  

a dark/light cycle (12/12 h), humidity (50–60%) and 
temperature (25 ± 1°C). The study was completed in 
the Experimental Animal Centre, Faculty of Medicine, 
Cairo University, Egypt. 

Experimental design

The rats were distributed into three groups  
(8 in each group): control, LC, and GTE (concomitant  
LC + GTE). 

Ethical approval

All relevant international, national, and/or institu-
tional guidelines for the care and use of animals were 
followed. The study was permitted by the Ethics Com-
mittee, Faculty of Medicine, Cairo University, Egypt.

test materials 

Lithium carbonate was obtained in the form of 
tablets (400 mg) (Nile Co. for Pharmaceuticals and 
Chemical Industries, Egypt). Tablets were liquefied in 
distilled water and given through an intragastric tube 
in a dose of 30 mg/kg/day for 8 weeks [10]. 

Green tea extract was obtained in the form of 
tablets (200 mg) (Techno-med Group Co., Egypt). 
Tablets were melted in distilled water and given orally 
in a dose of 150 mg/kg/day for 8 weeks [19].

General health profile

Food and water intake, motility, and health con-
dition were recorded daily. Bodyweight (BW) was 
documented at the start and end of the study.

Biochemical assay

The serum levels of total T3 (TT3), free T3 (FT3), 
total T4 (TT4), free T4 (FT4) and thyroid-stimulat-
ing hormone (TSH) were determined by radioimmu-
noassay (xh6080, Xi’an). The inflammatory marker 
interleukin 6 (IL-6) was assessed by the commercially 
ELISA kits according to manufacturer’s instructions.

Tissue sampling

Thyroid was dissected and fixed in 10% formalin 
saline. The tissue was sectioned every 10th section  
(5 µm thick). The thyroid tissue extract was prepared 
according to Gordon et al. [14].

Light microscopic study

Haematoxylin and eosin (H&E) and Masson’s tri-
chrome stained sections were prepared according to 
Suvarna et al. [45].
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Histochemical evaluation (PAS stain)

Histochemical evaluation (Periodic Acid-Schiff 
[PAS]-stained) sections were prepared according to 
Suvarna et al. [45].

Immunohistochemistry [41]

Paraffin sections were prepared. Then, suitable 
quantity of serum was added to the sections for 30 min.

Caspase-3. The sections were incubated with 
anti-active caspase-3 antibody (cataloque number: 
ab13847, Abcam, Cambridge, UK), then followed 
with biotinylated secondary antibody (LSAB kit, Dako 
Carpentaria, CA, USA). After that, they were incubat-
ed with streptavidin HRP (LSAB kit, Dako, Carpen-
taria, CA, USA), and then with 3’-diaminobenzidine 
(0.05% DAB). 

Tumour necrosis factor alpha (TNF-α). The sec-
tions were incubated with the primary monoclonal 
anti-TNF-α antibody (52B83) using dilutions 1:5000 
for 36 h at 4°C. Then, they were incubated with 
biotinylated secondary antibodies for 5 h and then 
with Avidin-Biotin-Peroxidase Complex (ABC). Finally, 
the immune reaction was visualised with 0.05% DAB. 

PCNA immunostaining. Proliferating cell nuclear 
antigen (PCNA) is a helper protein of DNA polymerase 
enzymes and is used as a typical marker for pro-
liferating cells [38]. The immunostaining essential 
pretreatment was done by boiling for 10 min in 10 
mmol/L citrate buffer (catalogue number AP 9003) 
(pH 6) for antigen retrieval. Then, the sections were 
incubated with the primary antibody (a rabbit poly-
clonal antibody) (catalogue number ab15497, Abcam, 
Cambridge, UK). Immunostaining was finalised by 
using the Ultra-vision detection system (catalogue 
number TP-015-HD). The small intestine was used 
as a positive-control section. The positive reaction 
appeared as brown nuclear colouration [38].

Oxidative/antioxidative markers

thyroid lipid peroxidation. Malondialdehyde 
(MDA) was measured using the method of Buege [8].  
Briefly, 100 µL serum was diluted with distilled water 
to 500 µL. One mL of TBA–HCl reagent was added to 
the diluted sample. The reaction mixture was centri-
fuged, and the supernatant was taken. The optical 
density was measured spectrophotometrically at 532 
nm. The concentration of MDA in the sample was 
got by plotting the obtained absorbance against the 
standard graph. 

Thyroid superoxide dismutase (SOD). SOD was 
measured according to the modified Misra and Fri-
dovich’s method [35]. Ten µL of bovine catalase and 
1965 µL of Na2CO3 buffer were added to 5 µL of 10% 
thyroid homogenate. Then, the mixture was added 
to 20 µL of 30 mM epinephrine in 0.05% ethanoic 
acid. The activity of SOD was determined at 37°C 
at 480 nm in a spectrophotometer (Model BL 158, 
ELICO) at 0 minutes and after 3 minutes. The activity 
of SOD was expressed as the quantity of the enzyme 
that impedes the oxidation of epinephrine by 50% 
= 1 U/µg/mg tissue protein.

Thyroid glutathione (GSH). The measurement of 
GSH was constructed on the reduction of DTNB with 
GSH to produce a yellow compound. The reduced 
chromogen was measured at 405 nm. The concen-
tration of the GSH was calculated using the standard 
curve and expressed/mg of tissue protein [48].

Morphometric analysis 

The content of collagen fibres and the optical 
density of PAS in colloids and follicular basement 
membranes were assessed. Adding, the immune ex-
pression of TNF-α, caspase-3 positive follicular cell 
nuclei (%), and the PCNA positive follicular cell nuclei 
(%) were evaluated using the Leica LAS V3.8 image 
analyser computer system (Switzerland). 

Western blot

The homogenised thyroid tissue was added to 
the ReadyPrepTM protein extraction kit (Bio-Rad Inc., 
catalogue number 163-2086). Twenty µg protein 
concentration was loaded with an equal volume 
of 2× Laemmle sample buffer. Primary antibodies 
of Bcl2 and Bcl-2-associated X protein (BAX) (San-
ta Cruz Biotechnology, Inc., catalogue numbers: 
sc-7382 and sc-7480) were diluted in TBST and 
incubated overnight against the blotted target 
protein followed by incubation with the HRP-con-
jugated secondary antibody (Goat anti-rabbit IgG-
HRP-1 mg Goat Novus Biologicals) solution for  
1 h at RT. The chemiluminescent substrate (ClarityTM 
Western ECL substrate Bio-Rad, cataloque number 
170-5060) was applied to the blot. 

statistical analysis

Statistical evaluation was performed using SPSS 
version 21 (IBM Corporation, Somers, NY, USA) statis-
tical software. Data were stated as means ± standard 
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deviation. Statistical analysis was done by mean of 
ANOVA tracked by Bonferroni pairwise comparisons. 

RESULTS 
The general health data

The water and food consumption and health 
condition were relatively exceptional in all groups. 
At the beginning of the study, the BW was 160.5 ±  
± 17.1 g. By the end of the experiment, the BW of the 
LC group increased by 21% compared to the control 
group. Simultaneous administration of GTE along 
with LC ameliorates the weight gain (12% decrease) 
as compared to the LC group. BW of the control and 
GTE groups were similar (Table 1).

Hormonal results

The LC group exhibited a significant decrease in 
TT3, TT4 (29, 32%) and FT3, FT4 (53, 50%) compared 
to the control group. Adding, the TSH level in this 
group increased by 161% compared to the control 
group (Table 2). 

With the use of GTE, the serum level of TT3, TT4, 
FT3, FT4 increased by 16%, 23%, 28%, 22% compared 
to the control group. Moreover, the TSH level in this 

group decreased (45%) compared to the LC group; 
however, its’ level was still higher (41%) than that of 
the control group (Table 2).

Histopathology of the thyroid gland

The follicles of the control group were lined by 
cubical cells and contained acidophilic homogenous 
colloid (Fig. 1A).

The follicles in the LC group showed variable ac-
tivities; some follicles were distended, while others 
were involuted. The distended follicles were lined by 
flat cells. Moreover, some follicles were disorganised 
with wide interfollicular spaces. Furthermore, some 
follicles had detached follicular cells inside the colloid. 
The follicular cells were mostly vacuolated. Finally, 
congested-capillary vessels were detected (Fig. 1B–E). 
With the use of GTE, the thyroid architecture looked 
almost normal (Fig. 1F). 

Content of collagen fibres 

The fibres’ content increased 2-fold in the LC 
group compared to the control group. Much advance 
was perceived in the GTE group as its fibres’ content 
was 1-fold compared to the control group. The fibres’ 
content in the GTE group was 37% lower compared 
to the LC group (Fig. 2, Table 3).

Histochemistry of the thyroid gland

In the control group, the follicular cells displayed 
strong PAS reactions in colloids and basal laminae 
(Fig. 3A, Table 3). The basal laminae of the follicular 
cells in the LC group revealed weak PAS reactions. The 
colloids revealed moderate PAS reactions, while the 
reactions were absent in the vacuoles of colloids. The 
disrupted basement membranes displayed discon-
tinuous PAS reaction. The reaction was 64% lower 
than in the LC group (Fig. 3B, C, Table 3). After the 

Table 1. Body weight (BW) in the different groups at the end 
of study 

Group BW [g]
Mean ± SD 

Versus group P value

Control 200 ± 22.5

LC-treated 245.5 ± 30.8 Control 0.01*

GET-treated  0.03*

GTE-treated  215.6 ± 18.4 Control 0.1

LC-treated 0.03*

*P-value significant; the BW at the beginning of the study was 160.5 ± 17.1 g; BW —  
bodyweight; GTE — green tea extract; LC — lithium carbonate; SD — standard  
deviation

Table 2. Thyroid function tests at the end of the study

Group TSH TT3 [ng/mL] FT3 [pmol/L] TT4 [µg/dL] FT4 [pmol/L]

Control Mean ± SD 3.6 ± 0.3 6.2 ± 0.5 16.7 ± 0.8 21.2 ± 1.0 32.9 ± 3.2

LC-treated Mean ± SD 9.4 ± 1.3 4.4 ± 0.2 7.7 ± 1.2 14.4 ± 1.7 16.3 ± 3.0

Versus control < 0.001* < 0.001* < 0.001* < 0.001* < 0.001*

Versus GTE-treated  < 0.001* 0.01* < 0.001* 0.055 0.002*

GTE-treated  Mean ± SD 5.1 ± 0.3 5.2 ± 0.4 12.0 ± 0.8 17.2 ± 2.1 25.4 ± 3.0

Versus control < 0.001* 0.002* < 0.001* 0.007* 0.007*

Versus LC-treated < 0.001* 0.01* < 0.001* 0.055 0.002*

*p-value significant; GTE — green tea extract; LC — lithium carbonate; SD — standard deviation; FT3 — free T3; FT4 — free T4; TT3 — total T3; TT4 — total T4; TSH — thyroid-stimu-
lating hormone
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concomitant treatment with GTE, the PAS reaction 
was strong in colloids and basement membranes. 
The reaction was comparable to the control group 
and was > 1-fold higher than that of the LC group 
(Fig. 3D, Table 3).

Immunohistochemistry of the thyroid gland

The control group displayed positive PCNA follicular 
cell nuclei (Fig. 4A). The LC group displayed an increased 
number of positive PCNA follicular cell nuclei (6.5-fold 
higher compared to the control group) (Fig. 4B, C,  
Table 3). The use of GTE was related to a 2-fold increase 
in the number of positive PCNA follicular cell nuclei com-

pared to the LC group. The expressions in the control 
and GTE groups were identical (Fig. 4D, Table 3).

The control group displayed weak caspase-3 ex-
pression of the follicular cell nuclei (Fig. 5A). The LC 
group showed strong expression in the follicular cell 
nuclei (2-fold higher compared to the control group) 
(Fig. 5B, C, Table 3). The administration of GTE was 
related to a 1-fold increase in the expression in the 
cell nuclei compared to the LC group. The expressions 
in the control and GTE groups were similar (Fig. 5D, 
Table 3).

The control group showed weak expression of 
TNF-α of the follicular cells (Fig. 6A). The expression 

Figure 1. A. Normal follicles of the control rats. Note simple cuboidal follicular cells (arrows) surrounding homogenous acidophilic colloid (co); 
B–E. Thyroid follicles of lithium carbonate group; B. Some follicles are distended (D), others are involuted (I). Note damaged and disorganised 
follicles (encircled) with a large interfollicular space (S). Note follicular cells with vacuolated cytoplasm (arrowheads); C. Markedly distend-
ed thyroid follicle (D). Note congested-capillary vessel (CV) and follicular cells with vacuolated cytoplasm (arrowheads); D. Loss of normal 
thyroid architecture. Most of the follicles have shredded epithelial lining (curved arrows) and have no colloid. Note disorganized follicles (en-
circled) with a large interfollicular space (S); E. Thyroid follicles (F) with vacuolated cells (arrowheads). Note congested-capillary vessel (CV), 
interfollicular spaces with extravasated blood (c). Notice part of the parathyroid gland (Pa); F. Nearly normal thyroid architecture of the green 
tea extract rats. Note follicular cells with vacuolated cytoplasm (arrowheads). Haematoxylin and eosin ×400.
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in the LC group was strong (2-fold higher compared 
to the control group) (Fig 6B, C, Table 4). The use of 
GTE was related to a 1-fold increase in the expres-
sion in the follicular cell compared to the LC group. 
The expressions in the control and GTE groups were 
similar (Fig. 6D, Table 4).

western blot evaluation of BAX and Bcl2 (Fig. 7, 
table 3)

The expression of BAX in the LC group increased 
by 190% (about 2-fold) compared to the control 

group. The expression in the GTE group was 46% 
lower compared to the LC group, but still higher 
(57%) compared to the control group.

The expression of Bcl2 in the LC group decreased 
by 59% compared to the control group. The expres-
sion in the GTE group was 1-fold higher compared 
to the LC group, but 15% lower compared to control 
group. 

The BAX/Bcl2 ratio was 8-fold higher compared 
to the control group. The ratios of the control and 
GTE groups were comparable.

Table 3. Collagen fibres, Periodic Acid Schiff (PAS) reaction, apoptotic and proliferative markers 

Group Content of 
collagen 
fibres

Optical den-
sity of PAS 

reaction

Caspase-3 
positive 

cells (% of 
total cells)

PCNA  
positive 

cells (% of 
total cells)

BAX Bcl2 BAX/Bcl2 
ratio

Control Mean ± SD 18.2 ± 5.9 0.31 ± 0.06 4.0 ± 1.6 12.8 ± 1.9 0.83 ± 0.05 2.73 ± 0.16 0.27 ± 0.05

LC-treated Mean ± SD 55.2 ± 8.2 0.11 ± 10.06 30.0 ± 7.9 38.8 ± 6.3 2.44 ± 0.16 1.11 ± 0.05 2.42 ± 0.39

Versus control < 0.001* < 0.001* < 0.001* < 0.001* < 0.001* < 0.001* < 0.001*

Versus GTE-treated 0.003* 0.005* < 0.001* < 0.001* < 0.001* < 0.001* < 0.001*

GTE-treated  Mean ± SD 37.4 ± 5.0 0.24 ± 0.04 12.6 ± 2.8 23.2 ± 3.3 1.31 ± 0.07 2.32 ± 0.706 0.54 ± 0.03

Versus control 0.002* 0.144 0.052 0.007* < 0.001* < 0.001* 0.259 

Versus LC-treated 0.003* 0.005* < 0.001* < 0.001* < 0.001* < 0.001* < 0.001*

*p-value significant; BAX — Bcl-2-associated X protein; GTE — green tea extract; LC — lithium carbonate; PCNA — proliferating cell nuclear antigen; SD — standard deviation

Figure 2. A. The collagen fibres (arrows) between thyroid follicles in the control; B, C. Increased collagen fibres (arrows) between thyroid 
follicles in the lithium carbonate rats; C. Negligible collagen fibres (arrows) between thyroid follicles in the green tea extract rats. Masson’s 
trichrome ×400.
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Figure 3. A. Strong Periodic Acid Schiff (PAS)-positive reaction in the colloid (co) and basement membranes (arrows) of the follicles with  
a negative reaction in the peripheral vacuoles of colloids (v) in the control group; B, C. Weak PAS reaction in the basement membranes  
(arrows) of the follicles in the lithium carbonate group. The PAS reaction was moderate in colloids (co), while it was absent in peripheral  
vacuoles of colloids (v). Note discontinuous PAS-positive reaction in the disrupted basement membranes (arrowheads); D. Strong PAS-posi-
tive reaction in colloids (co) and basement membranes (arrows) of the follicles with a negative reaction in the minute peripheral vacuoles of 
colloids (v) in the green tea extract group. PAS ×400.

Figure 4. A. The number of proliferating cell nuclear antigen (PCNA) positive cells (arrows) in the control rats; B, C. Apparent increase in the 
number of PCNA positive cells (arrows) in the lithium carbonate rats; D. Slight increase in the number of PCNA positive cells (arrows) in the 
green tea extract rats. PCNA ×400.
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Proinflammatory and oxidative markers 
assessment (Table 4) 

Interleukin 6 of the LC group was 5-fold higher com-
pared to the control group. With the use of GTE, IL-6 
became 2.5-fold higher compared to the control group.

Malondialdehyde of the LC group was 171%  
higher compared to the control group. With the use 
of GTE, MDA became 49% lower compared to the 
LC group; however, it was 47% higher compared to 
the control group.  

Figure 5. A. Control group exhibited weak caspase-3 expression in the follicular cell nuclei (arrows); B, C. The lithium carbonate group 
showed strong expression in the follicular cell nuclei (arrows); D. Slight expression in the follicular cell nuclei (arrows) in the green tea extract 
group. Caspase-3 ×400.

Figure 6. A. Control group displayed weak expression of tumour necrosis factor alpha (TNF-α) in the follicular cell nuclei (arrows); B, C. The 
lithium carbonate group showed increased expression of TNF-α in the follicular cell nuclei (arrows); D. Slight increase in the expression of 
TNF-α in the follicular cell nuclei (arrows) in the green tea extract group. TNF-α ×400.
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Glutathione and SOD of the LC group decreased 
by 62, 42% compared to the control. With the use of 
GTE, the antioxidant markers increased by 121 (97%) 
compared to the LC group; however, both markers 
were 17, 16% higher than in the control group.  

DISCUSSION
Under our experimental condition, hypothyroid-

ism induced by lithium was confirmed by a decrease 
in the level of thyroid hormones (TT3, TT4, FT3, FT4). 
LC influences its effects over the thyroid hormones 
either directly or indirectly via the hypothalamic-pi-
tuitary-thyroid axis [27]. 

Moreover, an increase in serum level of TSH occurs 
mostly secondary to the decreased thyroid hormone 
secretion. TSH is a thyrotropin hormone that is se-
creted from the pituitary gland and stimuluses the 
formation of T3 and T4 [17]. It is the key indicator of 

thyroid dysfunction [3]. The resultant hypersecretion 
of TSH specifies the commencement of hypothyroid-
ism as described formerly in patients treated with LC 
[24]. The diagnostic characteristic of TSH emerges 
from the inverse linear relations between the serum 
TSH and FT4 level as tiny changes in T4 levels induces 
enormous changes in serum TSH [2, 3]. 

By the end of the work, the BW of the LC rats in-
creased by 21% compared to the control group. The 
weight gain is typically related to low basal metabolic 
rates consequence to the hypothyroidism induced 
by LC [31].  

The prolonged take of LC is associated with thy-
roid damage. The colloids are extensively vacuolated 
and depleted. The follicles either distended or invo-
luted. Moreover, some follicles are disorganised with 
wide interfollicular spaces and detached follicular 
cells. Additional, the follicular cells show vacuolations.  

The observed thyroid damage in the LC group 
is mostly multifactorial. Oxidative stress is one of 
the pathogenic mechanisms through which LC can 
induce thyroid damage at the cellular level. Many 
researchers proved the oxidative stress role of LC over 
many organs such as heart, kidney, and testis [34, 
39]. Oxidative stress is a shift in the balance between 
oxidants and antioxidants in favour of oxidants [6]. 
With the prolonged use of LC, the oxidant marker 
(MDA) became high (171%), while the antioxidant 
markers (GSH and SOD) became low (62%, 42%). 

The resulting oxidative stress of LC creates oxygen 
free radical (ROS) that reacts with numerous bio-
molecules in the cell, leading eventually to oxidative 
damage [32]. ROS is scavenged by several cellular 
defence mechanisms involving non-enzymatic (GSH) 
and enzymatic (SOD) scavenger mechanisms. SOD 
catalyses the dismutation of O2

– to H2O2 and O2 [22], 
while GSH offers protection against free radicals, per-

Table 4. Inflammatory and oxidative/antioxidative markers  

Group MDA [nmol/mg 
tissue protein]

GSH [µg/mg  
tissue protein]

SOD [nmol/mg 
tissue protein]

IL-6 [pg/mg 
tissue protein]

TNF-alpha [pg/mg 
tissue protein]

Control Mean ± SD 1.53 ± 0.16 1.89 ± 0.05 7.1 ± 0.46 82.0 ± 7.81 64.6 ± 10.04

LC-treated Mean ± SD 4.16 ± 0.41 0.7 ± 0.14 2.98 ± 0.4 374.0 ± 24.65 388.0 ± 16.84

Versus control < 0.001* < 0.001* < 0.001* < 0.001* < 0.001*

Versus GTE-treated  < 0.001* < 0.001* < 0.001* < 0.001* < 0.001*

GTE-treated Mean ± SD 2.25 ± 0.09 1.55 ± 0.12 5.9 ± 0.3 158.8 ± 14.7 243.00 ± 30.02

Versus control 0.003* 0.01*  0.01* < 0.001* < 0.001*

Versus LC-treated < 0.001* < 0.001* < 0.001* < 0.001* < 0.001*

*p-value significant; GSH — gluthathione; GTE — green tea extract; IL-6 — interleukin 6; LC — lithium carbonate; MDA — malondialdehyde; SD — standard deviation; SOD — superoxi-
de dismutase; TNF-alpha — tumour necrosis factor alpha

Figure 7. Western blot assay of Bcl-2-associated X protein (BAX) 
and Bcl2. BAX was higher in the lithium carbonate (LC) group com-
pared to the control. Bcl2 was lower in the green tea extract (GTE) 
group compared to the control. Beta-actin was used as a control.
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oxides, and toxic compounds [33]. Prolonged use of 
LC decreased the activities of the free radical scaveng-
ing enzymes SOD and GSH. This results in augmented 
production of the O2

– and H2O2, which in turn leads 
to the production of OH– [18]. The generation of OH– 
takes part in the observed thyroid toxic damage [18].

Higher lipid peroxidation (higher MDA), noticed 
in the LC group, led to distraction of the follicular 
basement membranes’ integrity, and the cytoplasmic 
enzyme’s leakage [9]. Many researchers believed that 
MDA’s level is sufficient proof of oxidative stress [26]. 
So finally, the increased MDA content indicates severe 
oxidative stress and increased lipid peroxidation.

Sterile inflammation (inflammation in the absence 
of infection) is the second pathogenic mechanisms 
through which LC induced thyroid damage at the 
cellular level. Inflammation was evident by the in-
crease in the pro-inflammatory cytokines (a 2-fold 
elevation in TNF-α and 5-fold increase in IL-6). TNF-α 
is accountable for the pathogenesis of increases in 
ROS and oxidative stress [26]. It controls the growth, 
proliferation, differentiation, and viability of activated 
leukocytes [36]. Furthermore, TNF-α elicits the cellular 
release of cytokines, chemokines, or inflammatory 
mediators [36]. So, extreme TNF-α secretion results 
in thyroid injury indirectly through inducing oxidative 
stress, and directly through inducing apoptosis. The 
resultant fibrosis was consequent to oxidative stress 
and inflammation.

Congestion in the vasculature of the thyroid gland 
was a constant feature in the LC group. It is caused as 
a result of the increased demand for blood to feed the 
follicular cells or as a result of the increased thyroid 
gland’s size [10]. Furthermore, congestion can be part 
of the previously stated inflammatory process that ac-
companies LC toxicity. Moreover, prolonged elevation 
of TSH induces neovascularisation and increases the 
stromal vascularity as TSH acts as a growth factor for 
the thyroid tissue [20].

Apoptosis is also a main pathogenic mechanism 
through which LC induced thyroid damage at the 
cellular level. Apoptosis is induced by higher levels 
of MDA and TNF-α [6, 26]. Apoptosis enhances the 
release of cytokines and ROS, which lastly damages 
thyroid gland [26]. 

The framework of the apoptotic signal pathway 
finally converges into a common mechanism driven 
by caspases [47]. Caspase-3 is the principal destroy-
er of apoptosis, thus sponsoring cell survival [30]. 
Caspase-3 of the LC group was 2-fold higher com-

pared to the control. The caspase mechanism is neg-
atively regulated by Bcl2 family unit [1]. This family 
is classified into a family containing Bcl2, a second 
family containing BAX, and a third family including Bik 
and Bid [50]. The Bcl2 exerts anti-apoptotic effect by 
impeding a step that leads to the activation of caspas-
es, while BAX exerts proapoptotic activity [50]. With 
the use of LC, the expression of BAX increased 2-fold, 
while the expression of Bcl2 decreased by 59%. The 
BAX/Bcl2 ratio increased 8-fold. This ratio describes 
the accountability of the cell for apoptosis [50]. 

With prolonged exposure to LC, some follicular 
cells may pass into irreparable damage and undergo 
terminal growth arrest or apoptosis. However, other 
follicular cells may acquire an intrinsic mechanism 
of death resistance and finally lead to hyperplasia 
instead of apoptosis. Such hyperplasia was furtherly 
confirmed morphometrically by a significant increase 
in the number of PCNA positive follicular cell nuclei 
(6.5-fold). PCNA is directly correlated with the pro-
liferative state of various tissues [52, 54]. 

Green tea extract has a perfect influence on thy-
roid damage induced by LC. The beneficial impacts 
of GTE are ascribed to the polyphenolic compounds, 
particularly the catechins, which constitute 30% of 
the dry weight of green tea leaves [16].

With the use of GTE, the level of thyroid hormones 
increased, while the TSH level decreased. However, 
the hormonal levels were still away from the control 
group. BW in the GTE group was comparable to 
the control group. Weight improvement is most-
ly explained by increased basal metabolic rates as  
a consequence of regaining normal thyroid function.

Besides, the expression of PCNA in the GTE group 
was like the control group. This is mostly attributed 
to the antiproliferative property of GTE [29].

Apoptosis was considerably improved in the GTE 
group as the expression of caspase-3 and BAX/Bcl2 
ratio was comparable to the control. Moreover, the 
expression of BAX decreased, while that of Bcl2 in-
creased. Such protective role of GTE could be ex-
plained by its antioxidant effect (decreased MDA/
increased GSH, SOD). The antioxidant effect of GTE 
was documented in many studies [40, 42]. Catechins 
and theaflavins of GT are responsible for such anti-
oxidant activity [4].

Besides, we proved the antifibrotic and anti-in-
flammatory role of GTE as the collagen fibres content 
and proinflammatory markers (TNF-α and IL-6) de-
creased compared to the LC group. The anti-inflam-
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matory and antifibrotic roles of GTE were proved in 
many literature reports [37, 53].

There seem to be two major effects of lithium 
salts in bipolar disorder, i.e. inhibitory action on in-
ositol monophosphatase and inhibition of glycogen 
synthase kinase-3 activity. No reports in the literature 
documented any effect of GTE on these enzymes. 
So, GTE has no harm interfering with lithium action 
on the brain.

CONCLUSIONS
In conclusion, prolonged use of LC results in hy-

pothyroidism, which is accompanied by structural 
thyroid damage. LC induced thyroid damage through 
oxidative stress that prompted sterile inflammation 
and apoptosis. With the use of GTE, the thyroid gland 
regained its structure and function. The protective 
role of GTE is through its antioxidant, anti-inflamma-
tory, antiproliferative and antifibrotic effects.
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Background: The present investigation was prepared to describe the accessory 
sex glands of the Barki bucks grossly and by light microscopy. 
Materials and methods: There are four sex glands: ampullary, vesicular, prostate, 
and bulbourethral. The ampullary gland is an enlargement of the terminal part 
of the ductus deferens, its glandular part has branched tubuloalveolar glands, 
and its secretory alveoli lined with a pseudo-stratified epithelium composed of 
cuboidal to columnar cells. The vesicular gland takes the appearance of a cluster 
of grapes and the left vesicular gland is enlarged and higher than the right one. 
The vesicular gland is a lobulated tubuloalveolar gland with wide intralobular space 
and the gland contain a secretory unit which lined by pseudo-stratified columnar 
epithelium, and the interlobular ductules lined by the stratified epithelium, while 
the interlobular duct lined by simple cuboidal epithelium; moreover, the lining 
epithelium of secretory part consists of tall columnar cells. The prostate gland 
consists only of the disseminated part and is enclosed by a connective tissue 
capsule that was thin dorsally, thick laterally, and reduced in thickness ventrally. 
The prostatic acini are lined by simple cuboidal epithelium. 
Results: The bulbourethral gland was similar in size to the walnut and surrounded 
by a capsule and there are interlobular connective tissue septa that divided the 
gland into lobes and lobules of different sizes. The bulbourethral gland contained 
secretory units lined by the tall simple columnar epithelium of mucous type with 
basely located nuclei and eosinophilic cytoplasm contains granular secretion. 
Conclusions: The gross and microscopic examination of the four accessory sex 
glands gave valuable information in the future pathology diagnosis of the accessory 
sex glands of the Barki bucks. (Folia Morphol 2022; 81, 3: 606–613)

Key words: bucks, sex glands, gross morphology, light microscopy,  
computed tomography scan

INTRODUCTION
The ruminant anatomy was generally concentrat-

ed on the bovine especially ox with limited compar-
ative points to the small ruminants, especially goat. 

Goat is belonging to the Caprini of the Bovidae family 
in the sub-order Ruminantia of the order Artiodactyla. 
The goat is considered an important source of meat, 
milk, and hair in Egypt. The male goat is a very familiar 
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animal in Egyptian farms. There are about seven to ten 
goat breeds in Egypt: Zaraibi, Barki (Sahrawi), Wahati, 
Sharkawi, and Black Sinai [14]. The three major breeds 
in Egypt are: Ossimi, Rahmani, and Barki, which are 
characterised by fat-tailed, their fleece is coarse wool 
and they are small to medium in size [14].

The male genital systems have to be sound to 
ensure successful breeding. Ram and buck breeding 
soundness examination is important to assess the 
ability to impregnate females during the breeding 
season [6].

The purpose of the present work was to describe 
the anatomical position and appearance of the acces-
sory sex glands as well as the microscopic structure 
of these glands, as there is little available published 
information about the accessory sex gland of the 
Barki (Sahrawi) bucks. The study of the accessory 
sex gland in bucks is very important due to its big 
role in the fertility rate consideration. Additionally, 
the obtained data were compared with the previous 
published anatomical data about the accessory sex 
glands. 

MATERIALS AND METHODS 
animals and ethics

The present work was carried out on eight normal 
healthy Barki bucks weighing 25–30 kg and the aged 
between 1 and 2 years. The Barki bucks were collect-
ed from the goat farms in the Matrouh government 
and transported to the Anatomical Laboratory at 
the Anatomy and Embryology Department, Faculty 
of Veterinary Medicine, Alexandria University, Egypt. 

This study followed the rules for the care and use 
of animals and was approved by the Animal Welfare 
and Ethics Committees, Faculty of Veterinary Medi-
cine, Alexandria University, Egypt.

Gross morphology

Four Barki bucks were used in the gross morpho-
logical descriptions after their sedation with intra-
muscular injection of the 2% xylazine HCl (0.2 mg/kg  
of body weight) and atropine (0.04 mg/kg). Then, 
these bucks were anesthetised by intravenous injec-
tion of ketamine (5 mg/kg). The bucks were injected 
with heparin (1.000 IU) to obtain well bleeding and 
prevent the coagulation. Then, they were sacrificed 
by the well bleeding through the common carotid 
artery for injection of 10% formalin. The specimens 
were stored for 2 weeks in formalin 10%. The ca-
davers were injected via a needle in several sites of 

the body and on the pelvic cavity using the ordinary 
preservation solution (10% formalin, 2% phenol, and 
1% glycerin). 

Computed tomography scans

Two bucks were subjected to computed tomo-
graphy (CT). After physical examination of animals, 
they were anesthetised by using the combination of 
ketamine hydrate 0.5–2 mg/kg of body weight and 
2% xylazine HCl 1–3 mg/kg of body weight. The bucks’ 
cadavers were taken freshly to the CT centre immedi-
ately and fixed in the sternal recumbence position and 
then, serially sectioned using the Hitachi CT scanner 
(CT-W450-10A, Hitachi, Japan) (scanning conditions: 
120 KV and 200 MA, the width and level of the win-
dow [W/L]: 2000/250) to examine the accessory male 
sex reproductive glands. The section thickness was  
0.5 cm, part interval in the cross-section from the 
level of the last lumbar to the fourth caudal verte-
brae. The CT images photographed were helpful in 
the identification of the structures situated from 
the level of the fifth lumbar and the fourth caudal 
vertebra. To obtain the good resolution images in the 
bone windows, the CT machine was adapted with 
200 Hounsfield units (HU) in the windows width 
and 1600 HU in the level of the windows. While 
in the soft tissue, we adapted the apparatus with  
30 HU in the width of the window and 290 HU in 
the level of the windows. 

Light microscopy

Two bucks were used for light microscopic exami-
nation. The accessory sex glands were removed from 
the freshly slaughtered male bucks and were put in 
10% normal buffer formalin solution and transported 
to the histological lab for the histological preparation 
of the slides (cutting and staining) to allow the ex-
amination of the slides under the light microscope to 
know the characteristic points of each gland. Then, 
the samples were put in 70% alcohol solution. Next, 
they were rapidly dehydrated through ascending 
grades of ethyl alcohol series (30, 50, 70, 90, and 
100% for two changes) for a half-hour in each. Then, 
they were cleared by putting in xylene and embedded 
in paraffin wax. Samples sections of 5 µm were cut 
by Leica rotatory microtome and mounted on the 
glass slides. Finally, the paraffin sections were used 
for ordinary staining by Harris haematoxylin and eosin 
(H&E) stain. The histological techniques were carried 
according to Suvarna et al. [38].
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The nomenclature used in this study is adapted 
to Nomina Anatomica Veterinaria [29].

RESULTS 
In all examined bucks, there were four accesso-

ry sex glands (Glandulae genitales accessoriae): the 
paired ampulla of the ductus deferens (ampullary 
gland), the paired vesicular gland (Glandula vesicula-
ris), the prostate (Glandula prostatica), and the paired 
bulbourethral gland (Glandula bulbourethralis). All 
accessory sex glands were located along the pelvic 
urethra and their ducts opened and empty their se-
cretion into the urethra.

Ampullary gland (Glandula ampulla ductus 
deferentis)

The ampullary gland (Fig. 1A\LA and RA; Fig. 1B/R.dd;  
Fig. 6A/4) is a glandular enlargement of the terminal 
part of the ductus deferens. The length of the amp-
ullary gland reaches 3.5 ± 0.4 cm and the width was 
0.5 ± 0.12 cm. The ampullary glands were directed 
ventrocaudally on the dorsal surface of the urinary 
bladder and attached by the genital fold (Fig. 1A\GF).

The light microscopic examination showed that the 
gland (Fig. 2) consisted of the tunica mucosa, tuni-
ca muscularis, lamina propria and tunica adventitia, 
and some blood vessels. The glandular part contained 
branches of tubuloalveolar glands. The secretory alveoli 
were lined with a pseudo-stratified epithelium composed 
of cuboidal to columnar cells with some basal cells.

Vesicular gland (Glandula vesicularis) 

In all investigated bucks, the paired vesicular gland 
(Fig. 1A\LV-RV; Fig. 1B/V; Fig. 6A/3) were located on 

Figure 1. Morphological appearance of the position of the accesso-
ry sex reproductive glands of the buck; A. Isolated genital organs 
with the accessory sex reproductive glands of the buck; UB —  
urinary bladder; LD-RD — left and right ductus deference; GF — 
genital fold; LU-RU — left and right ureter; LA-RA — ampulla of 
ductus deference; LV-RV — left and right vesicular gland; P — 
prostate gland; U — urethra; LB-RB — left and right bulbo  
urethral gland; B. Left side of the pelvic cavity showing the topo-
graphy of the accessory sex reproductive glands of the buck; 1 — 
pararectal fossa; 2 — vesicogenital pouch; 3 — rectogenital pouch; 
4 — pubovesical pouch; 5 — ampulla recti; 6 — muscle sphincter 
ani internus; 7 -— muscle sphincter ani externus; R — rectum,  
R.dd — right ampulla of ductus deference; R.U — right ureter;  
UB — urinary bladder; U — urethra; IM — mesorectum; V —  
vesicular gland; P — prostate gland; BL — bulbourethral gland; L — 
lumbar vertebrae; S — sacral vertebrae; C — caudal vertebrae.

Figure 2. A, B. Micrograph of the ampullary gland of the adult buck 
showing; As — alveoli; Ms — tunica muscularis; Ad — tunica  
adventitia; Bv — blood vessels; St — pseudo-stratified epithelium;  
Bc — basal cell; L — lamina propria; haematoxylin and eosin, ×160.



609

M.A.M. Alsafy et al., Accessory sex glands of the Barki bucks

the craniodorsal aspect of the neck of the urinary 
bladder (Vesica urinaria) and laterally to the ampullary 
glands. It could be identified by its appearance that 
looks like a cluster of grapes and it is important to 
note that the left vesicular gland was enlarged and 
higher than the right one in the same buck.

The light microscopic examination clarified that 
the vesicular gland (Fig. 3) is a lobulated tubulo-alve-
olar gland with wide intralobular space or sinuses for 
storage of a large number of secretions. The gland 
contained a secretory unit lined by pseudo-stratified 
columnar epithelium, and the interlobular ductules 
were lined by the stratified epithelium, while the 
interlobular duct was lined by simple cuboidal epi-
thelium with intra-luminal eosinophilic secretion. The 
lining epithelium of the secretory part consisted of tall 
columnar cells, apical blebs of granular end pieces, 

and detached blebs in lamina, small and spherical 
basal cells. 

Prostate gland (Glandula prostatica) 

In all examined bucks, the single prostate gland 
(Fig. 1/P; Fig. 6B/16) was located close to the junction 
of the vesicular gland at the pelvic region. It was 
constituted only from the disseminated part (pars dis-
seminate). The pars disseminate surrounded the pelvic 
urethra which was covered by the urethra masculina.

The light microscopic examination showed that 
the prostate gland was enclosed by a connective 
tissue capsule (Fig. 4) that was thin dorsally, thick 
laterally, and reduced in thickness ventrally. The gland 
capsule was enveloped by a layer of skeletal muscle 
(muscle urethralis) that was surrounded by a layer of 
loose connective tissue trabeculae extending from the 
capsule and descending into the parenchyma of the 
gland forming interlobular connective tissue and di-
vided the gland into lobules. The glandular substance 
consisted of numerous follicles, which opened into 
the elongated canal. The prostatic acini were lined 
by simple cuboidal epithelium.   

Bulbourethral gland (Glandula bulbourethralis)

In all investigated bucks, the paired bulbourethral 
gland was similar in size to the walnut and located 
dorsal to the urethra in both sides of it, cranial to the 
ischial arch (Fig. 1A\LB-RB; Fig. 1B/BL; Fig. 6C/23). It 
was closely related to the bulb of the penis and in 
general, it appeared to be covered mostly by the 
bulbospongiosus muscle. The right and left bulboure-
thral glands appeared to be nearly equal in size and 
their shape similar to each other.

The light microscopic examination showed that 
the bulbourethral gland was surrounded by a white 
fibrous capsule and there were interlobular connective 
tissue septa that divided the gland into lobes and 
lobules of different sizes (Fig. 5). The gland contained 
secretory units lined by the tall simple columnar epi-
thelium of mucous type with basely located nuclei and 
eosinophilic cytoplasm contained granular secretion.

DISCUSSION AND CONCLUSIONS
There are four accessory sex glands in most mam-

malian species: ampullary, seminal vesicle, prostate, 
and the bulbourethral glands in the Barki bucks as 
reported in horse [8, 12], bull [7, 12], spotted paca [5],  
Gracilinanus microtarsus [10], Arabian oryx [13], Elk 
(Cervus canadensis) [22], red deer (Cervus elaphus) [36].  

Figure 3. Cross-section micrograph of the vesicular gland of the 
mature buck showing; A. Secretory units (SU) lined by pseudo 
stratified columnar epithelium, intralobular ductules lined by strat-
ified epithelium (black arrow) and intralobular duct lined by simple 
cuboidal epithelium (red arrow) with intraluminal eosinophilic se-
cretion (As); haematoxylin and eosin, ×160; B. The lining epitheli-
um of secretory part consists of tall columnar cells (arrow), apical 
blebs of granular end pieces (red arrowheads) and detached blebs 
in lamina (blue arrowheads), small and spherical basal cells (black 
arrowheads); haematoxylin and eosin, ×400.
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While, the presence of three accessory sex glands 
was reported in canine (prostate, bulbourethral 
glands and ampullary gland) [12], canine (prostate, 
seminal vesicle and ampullary gland) [32], in the 
pampas deer Ozotoceros bezoarticus (prostate, ve-
sicular and the ampullary glands) [34], in the lesser 
anteater (prostate, seminal vesicle and bulboure-
thral glands). However, there are two accessory 

sex glands only, the prostate and vesicular gland, 
in the capybara [15]. Furthermore, El-Hagri [12]  
and Budras et al. [7] reported that the accessory sex 
glands were fully developed only in the bull.

The present investigation reported that the ampul-
lary gland is a glandular enlargement of the terminal 
part of the ductus deferens, similar result mentioned 
by some authors [12, 16, 33, 37]. Furthermore, Frans-

Figure 4. Histological micrograph of the prostate gland (pars dessiminata) from the mature buck; A. Lamina muscularis (LM), prostatic acini 
(PA), surrounded by fibrous capsule (C) and propria submucosa (PS) with smooth muscle bundles (black arrowheads), excretory ducts of 
the prostate gland (Ed); haematoxylin and eosin, ×160; B. Prostatic acini lined by simple cuboidal epithelium with glandular epithelium (Ge); 
haematoxylin and eosin, ×400. 

Figure 5. Histological cross section micrograph of the bulbourethral gland of the mature buck; A. Adventitia (Ar), capsule (C) and secretory 
unit (SU); haematoxylin and eosin, ×160; B. The lining epithelium of secretory unit is a tall simple columnar epithelium of mucous.
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don et al. [16] added that its size has a species varia-
tion among animal species; well-developed in stallion, 
bull and ram but, it is absent in the boar; however, 
Bacha and Bacha [4] and El-Hagri [12] mentioned 
that it is ill well-developed in the boar but absent in 
the tomcat and also do Nascimento Lima et al. [10] 
reported the absence of this gland in Gracilinanus 
microtarsus. The present histological observation of 
the ampullary was similar with Trautmann et al. [39] 
and Wrobel [41] that the gland consists of three lay-
ers: the tunica mucosa, tunica muscularis and tunica 
adventitia.

In all investigated bucks, the paired vesicular gland 
were located on the craniodorsal aspect of the urinary 
bladder and it could be easily identified by its appear-
ance which looks like a cluster of grapes and also it’s 
important to note that the left vesicular gland was 
enlarged and higher than the right one; similar find-
ings were obtained by some authors [3, 12, 19]. The 
vesicular gland is the largest accessory sex gland in 
the bull [7, 12] and the spotted paca [5]. However, the 
vesicular gland was absent in the canines [12], Gra-
cilinanus microtarsus [10] and some rodents [2, 20].  
In the current histological study, the vesicular gland 
was a lobulated alveolar gland containing a secretory 
unit that lined by pseudo-stratified columnar epithe-
lium, and the interlobular ductules were lined by the 
stratified epithelium, while the interlobular duct was 
lined by simple cuboidal epithelium; similar findings 
were obtained by some authors [3, 19, 27]. While it 
was lined by simple cuboidal epithelium as report-
ed in the spotted paca [5], it was lined by a simple 
columnar epithelium as observed in Guinea pig [40], 
rat [35] and giant rat [21, 23].

Morphologically, the prostate gland may be single 
as present in our study and by some authors [12, 
17–19, 26, 32] or paired as noted by Junqueira et al. 
[24]. In our work, we found that the single prostate 
gland has only the pars disseminate that is found in 
the pelvic urethra and surrounded by the urethral 
masculina; similar findings were obtained by some 
authors [12, 17, 18, 26, 32]. Pathak et al. [31] report-
ed that there is an additional part named the corpus 
prostate present in some gaddi goats; however, this 
corpus prostate is not present in small ruminants in all 
published anatomical textbooks [11, 12, 18].

There is some variation in the portions of the 
prostate gland among animals species; the present 
study with and some other authors [12, 17, 18, 26, 
32] noted the presence of only one portion called 

Figure 6. Computed tomography images of the male buck’s pelvis; 
A. Transversal computed tomography scan at the level of the 3rd sa- 
cral vertebra; B. Transversal computed tomography scan at the 
level of the 5th sacral vertebra; C. Transversal computed tomo-
graphy scan at the level of the 3rd caudal vertebra; 1 — 3rd sacral 
vertebra; 2 — rectum; 3 — vesicular gland; 4 — ampulla of ductus 
deference; 5 — neck of urinary bladder; 6 — pubic symphysis; 
7 — ilio psoas muscle; 8 — right ilium shaft; 9 — superficial gluteal 
muscle; 10 — testis; 11 — right adductor muscle; 12 — external 
obturator muscle; 13 — 3rd caudal vertebra; 14 — muscle sphinc-
ter ani internus and externus; 15 — pelvic urethra; 16 — prostata; 
17 — penis; 18 — right sacrocaudalis dorsalis lateralis muscle; 
19 — right sacrocaudalis ventralis medialis and lateralis muscle; 
20 — anal canal; 21 — right ischium; 22 — ischiatic arch; 23 — 
bulbo urethral gland; 24 — 5th sacral vertebra; 25 — head of femur; 
26 — greater trochanter of femur; L — left side; R — right side.
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disseminate part, while Gofur [19] in the Black Bengal 
buck mentioned that the single prostate gland has 
two portions: compact (external) and disseminate 
(internal) portion. On the other hand, Junqueira et 
al. [24] in rat noted that the paired prostate gland 
has a dorsal and ventral part. Also Neuhaus et al. [28] 
in the Guinea pig noted that the prostate gland has 
two portions: the large cranial lobe and the smaller 
caudal lobe. Moreover, Ojasti [30] in the capybara 
noted that the prostate gland consists of three parts: 
intermediate, dorsal and lateral lobes. 

According to our histological studies, the prostate 
gland was enclosed by a connective tissue capsule, 
which was thin dorsally, thick laterally and reduced 
in thickness ventrally. The capsule was enveloped by 
a layer of skeletal muscle surrounded by a layer of 
skeletal muscle, similar to that reported by Gofur [19] 
and Pathak et al. [31]. In Guinea pig, the prostate is 
enveloped by a fibrous muscular layer [1] while in 
the spotted paca [5] this layer consists of smooth 
muscle fibre, similar to that observed in the prostate 
gland of the mouse [9, 25]. The present study noted 
that the prostatic acini were lined by simple cuboidal 
epithelium while in the spotted paca [5] it is simple 
columnar epithelium but pseudo-stratified in some 
regions.

Our study revealed that the paired bulbourethral 
gland is small in size similar to hazelnut, and lies 
dorsal to the pelvic urethra and more obvious as 
the gland surrounded by a white fibrous capsule; 
similar observations were noted by some authors 
[3, 7, 16, 19]. In the spotted paca, the bulbourethral 
gland presented at the terminal part of the rectum 
and dorsal to the urethra and caudal to the prostate 
gland [5]. The bulbourethral gland is absent in the 
canine and present in the feline, as noted by El-Hagri 
[12] and Bacha and Bacha [4]. The bulbourethral 
gland is surrounded by striated skeletal muscle, as 
noted by Borges et al. [5], Gude et al. [21] and Hebel 
and Stromberg [23]. Our work mentioned that the 
bulbourethral gland contains secretory units lined by 
the tall simple columnar epithelium of mucous type. 
The lining simple columnar epithelium was also not-
ed by Hebel and Stromberg [23]. The bulbourethral 
gland appears to be covered mostly by the bulbos-
pongiosus muscle and the gland itself is covered by  
a white fibrous capsule, similar to that noted by Budras  
et al. [7].
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A potential role of mesenchymal stem cells 
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Background: Psoriasis is a common autoimmune inflammatory skin disease, 
with no clear cause, treated with topical agents and phototherapy, conventional 
immunosuppressant drugs and biologic agents. Stem cell therapy has generated 
significant interest in regenerative medicine. The aim of this study was to use 
mesenchymal stem cell (MSC) therapy compared to the topical application of the 
standard conventional corticosteroid cream.
Materials and methods: Forty male adult albino rats were used, divided into 
four groups, 10 rats each: group I (control), group II (psoriasis-like lesions in-
duced by usage of Aldara cream), group III (treated with betamethasone) and 
group IV (treated with MSCs). Specimens were stained with haematoxylin and 
eosin, Masson’s trichrome, immune-histochemical technique for CD4, CD8 and 
CD31. Ultra-sections were prepared for transmission electron microscope (TEM) 
examination.
Results: Mesenchymal stem cells demonstrated efficacy in reduction of disease 
severity in the form of uniform epidermal thickness covered by a very thin keratin 
layer. Normally arranged layers of epidermal layers, with a clear border demar-
cation, were seen between the epidermis and the dermis with apparently intact 
basement membrane. TEM showed absence of gaps between the tightly connected 
cells of the basal layer and the resting basement membrane.
Conclusions: Application of MSCs raises hope for developing a new, safe and 
effective therapy for psoriatic patients, avoiding the side effects of betamethasone. 
(Folia Morphol 2022; 81, 3: 614–631)

Key words: psoriasis, human umbilical cord blood-derived mesenchymal 
stem cells, rat, imiquimod cream, CD4, CD8, CD31, electron microscopy

INTRODUCTION
Psoriasis is a common autoimmune chronic in-

flammatory skin disease, with no clear cause, that 
affects 2–3% of the world’s population and greatly 
impairs the quality of life of affected individuals. Pso-

riasis vulgaris or plaque psoriasis, the most prevalent 
disease type, it is characterised by well-demarcated, 
red, scaly plaques. Psoriasis-affected skin has a thick-
ened epidermis with scaly patches, due to excessive 
proliferation and aberrant differentiation of kerat-
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inocytes, and redness that is caused by increased 
dilatation of the dermal blood vessels, and infiltration 
of immune cells [1].

It is considered to be a systemic disease rather 
than one limited to the skin as in certain cases, the 
cutaneous immune response becomes no longer 
restricted to the skin and results in systemic inflam-
mation leading to the development of comorbidities. 
The pathogenesis of psoriasis has an immunological 
basis. A central role is played by T helper (Th) 1 and 
Th17 lymphocytes and by cytokines. Th17 cells are 
involved not only in psoriasis but also in other au-
toimmune diseases; therefore, the involvement of 
the immune system in psoriasis is widely accepted 
now [25].

The treatment varies, depending on disease sever-
ity, from topical agents and phototherapy to conven-
tional immunosuppressant drugs and biologic agents. 
However, they are expensive and several adverse reac-
tions have been also reported [14]. Therefore, there 
is an unmet need for the development of a safe and 
effective therapy.

Stem cell therapy has evoked great expectations 
and showed significant interest in regenerative med-
icine. Mesenchymal stem cells (MSCs) are multipo-
tent non-haematopoietic stromal cells. They can be 
isolated from bone marrow, umbilical cord blood 
and adipose tissue [19]. Because of their ability to 
modulate immune responses, MSCs are considered 
to be a therapeutic approach for the treatment of 
patients with systemic lupus erythematosus, rheu-
matoid arthritis, graft-versus-host disease, Crohn’s 
disease, and multiple sclerosis [8, 10, 41].

Reviewing the literature, few recent animal studies 
that investigated the potential use of stem cell thera-
py, of different origins, in the treatment of psoriasis 
were found. Human embryonic MSCs, adult human 
MSCs, and human umbilical cord-derived MSCs were 
used by the authors respectively [21, 23, 36].

Here, the present study was conducted to exam-
ine the therapeutic scope of the human umbilical 
cord-derived mesenchymal stem cells (hUCB-MSCs) 
in the treatment of psoriasis using imiquimod (IMQ) 
-induced psoriasis rat model. Stem cell therapy was 
compared with the topical application of the standard 
conventional corticosteroid cream. hUCB-MSCs have 
been selected in the present study due to the lack of 
ethical considerations and the easy access to them 
following Lee et al. [23]. Light microscopic, immu-
nohistochemical, transmission electron microscopic 

(TEM) methods were utilised in this study in addition 
to morphometry and image analysis.

MATERIALS AND METHODS
animals

Forty male adult albino rats weighing 180–200 g 
were obtained from Ain Shams University Faculty of 
Medicine research centre (MASRI). Rats were housed 
in stainless steel cages, 2 rats per cage, and were left 
for a week before any intervention to acclimatize to 
experimental conditions. The rats were exposed to  
12 hours light/dark cycle and allowed free access to 
food and water (ad libitum) with suitable environ-
mental conditions and good ventilation.

Ethical consideration

All the experimental protocols were carried out in 
accordance with the guidelines approved by the Com-
mittee of Animal Research Ethics, Faculty of Medicine 
Ain Shams University, which conforms to the legal 
requirements in Poland and EU Directive 2010/63/ 
/EU of the European Parliament and the Council of 
22 September 2010 as well as the requirement of 
National Research Council 2011.

Materials

 — Imiquimod (IMQ, 5% cream, Aldara®) in the form 
of sachets, each containing 250 mg of cream, 
purchased from MEDA pharmaceutical company, 
Sweden.

 — Betamethasone cream (0.05% cream, Betameth-
asone®) purchased from AMRIYA PHARM.IND, 
pharmaceutical company, Egypt.

 — Xanthan gum (vehicle of the Aldara cream) pur-
chased from Sigma chemical company (Cairo, 
Egypt), in the form of white dry powder. Two 
grams of xanthan gum were dissolved in 100 mL 
of normal saline.

Isolation and culture of hUCB-MSCs

Isolation and culture of hUCB-MSCs were per-
formed in the Stem Cell Unit, Faculty of Medicine, 
Cairo University. The umbilical cord blood (UCB) sam-
ples were obtained from the umbilical vein immedi-
ately after delivery, with the informed consent of the 
mother. The UCB samples were mixed with Hetasep 
solution (stem cell technologies) at a ratio of 5:1, 
and then incubated at room temperature to deplete 
erythrocyte counts. The supernatant was collected 
carefully, and mononuclear cells were obtained using 
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Ficoll density-gradient centrifugation at 2500 rpm for 
20 minutes. The cells were washed twice in phosphate 
buffered saline (PBS). Cells were seeded at a density of 
2 × 105 to 2 × 106 cells/cm2 on plates in growth media 
that consisted of D-media and 10% foetal bovine se-
rum. After 3 days, non-adherent cells were removed. 
The adherent cells formed colonies and grew rapidly, 
showing spindle-shaped morphology [22].

Induction of psoriasis-like skin inflammation

Psoriasis-like skin inflammation was induced ac-
cording to the method of Chen et al. [7]. Briefly, rats 
received a daily topical dose of 62.5 mg of Aldara® 
cream (5%) containing 3.125 mg of imiquimod (IMQ) 
on the shaved back skin for 12 consecutive days to 
achieve the optimal inflammation. Every cream sachet 
is containing 250 mg of Aldara cream (2 mL) having 
12.5 mg of IMQ; therefore, the required single dose 
will be quarter of a sachet (0.5 mL). IMQ application 
was in the middle portion of the median sagittal plane 
of the back of each animal.

Experimental groups

Rats were randomly divided into four groups, 10 
rats each:

 — group I (control): subdivided into: group IA 
(negative control): included 5 rats that didn’t 
receive any treatment; group IB (positive con-
trol): included 5 rats that received a daily topical 
dose of 0.5 mL of the vehicle of the cream (Xan-
than gum in normal saline 200 mg/10 mL) on the 
shaved back skin for 12 consecutive days used as 
a control group;

 — group II (psoriasis): rats received a daily topical 
dose of 0.5 mL of Aldara® cream on the shaved 
back skin for 12 consecutive days;

 — group III (psoriasis + betamethasone): rats re-
ceived a combination of treatments. A daily topical 
dose of 0.5 mL of Aldara® cream on the shaved 
back skin for 12 consecutive days. Then, on the 6th 
day Betamethasone® cream (0.05%) was applied 
twice daily till the 12th day [26];

 — group IV (psoriasis + hUCB-MSCs): rats received 
a combination of treatments. A daily topical dose 
of 0.5 mL of Aldara® cream on the shaved back 
skin for 12 consecutive days. Then, on the 6th day 
rats received one subcutaneous MSCs injection  
(2 × 106) cells per injection within 2 mL of the 
media) at the 4 corners around the edge of the 
inflamed area of the skin [23].

specimen collection

On day 12 of the present experiment, animals 
were sacrificed using ether inhalation. Skin specimens 
were excised and some of them were fixed in 10% 
neutral formalin in water for 48 hours and processed 
for light microscopic examination, while other speci-
mens were fixed immediately in 2.5% glutaraldehyde 
and processed for TEM examination.

Preparation of specimens for light microscopic 
examination

Serial paraffin sections of 5 µm thickness were 
cut and stained with haematoxylin and eosin (H&E) 
and Masson’s trichrome [11] for light microscopic 
examination.

Immunohistochemistry technique

The immunohistochemical staining was carried 
out using the avidine-biotin technique [2]. Samples 
from back skin (3 mm diameter) were immersed in 
TissueTek (Bayer), snap-frozen in liquid nitrogen, and 
stored at –80°C until use. Six-micrometer cryosections 
of snap-frozen skin were cut using a cryostat (Jung 
Frigocut 2800 E; Leica). Sections were fixed in acetone 
(Fluka Chemie) containing 0.5% H2O2 for 10 minutes 
at room temperature. Staining was performed essen-
tially as described by van der Fits et al. [39]. Slides 
were incubated overnight at 4°C, or for 1 hour at 
room temperature, with primary antibodies (Abs) 
against the following antigens (Ags) or cell types: 
CD4, CD8, CD31. This was followed by incubation for 
30 minutes with biotin-linked secondary donkey-an-
ti-rabbit, goat anti-hamster, or rabbit-anti-rat Abs 
and peroxidase-linked avidin (Dako).

Preparation of skin specimens for TEM [2]

The tissues were cut in slices 1 mm3 and fixed 
immediately in 2.5% buffered glutaraldehyde (pH 
7.4) for 24 hours. The specimens were rinsed twice 
in phosphate buffer 20 minutes each. The specimens 
were post fixed in 1% osmic acid for 1 hour. Then 
tissues were washed twice in phosphate buffer, half 
an hour each. The specimen was put in a series of as-
cending grades of alcohol according to the following 
schedule: alcohol 50% for 10 minutes, alcohol 70% 
for 10 minutes, alcohol 80% for 10 minutes, alcohol 
95% for 10 minutes, alcohol 100%, two changes  
10 minutes each. Clearing was performed in pro-
pylene oxide for 20 minutes at room temperature. 
Infiltration was done using equal parts of propylene 
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oxide and Epon 812 and left in infiltration medium 
overnight. The sections were embedded in epoxy resin 
embedding media.

Semi thin sectioning

The block is cut into semithin sections (1 µm) with 
a glass knife, using an ultramicrotome. The sections 
are then stained with Toluidine Blue for 25 seconds 
and examined by light microscope Olympus model 
BX51. Images were captured by camera Olympus 
model E-PM2 with 4608 × 3072-pixel format to de-
termine the ultrathin area.

Ultrathin sectioning

Ultrathin sections were made at 50–70 nm using 
ultra-microtome Sumy Electron Optics (SEO) model 
UMTP-6M at thickness 90 nm, mounted on copper 
grids (200 mesh).

Sections were stained with double stain (uranyl 
acetate 5% for 15 min followed by lead citrate for 
8 min).

Electron micrographing

Finally, sections were examined by TEM SEO mod-
el PEM-100, Faculty of Agriculture, Cairo University 
at different magnification. The photos were taken  
at 75 kV. Photos were captured by CCD camera  
JENOPTIK model ProgRes MFcool.

Morphometric study and image analysis

Haematoxylin and eosin-stained sections were 
used to assess the following parameters:

 — thickness of the epidermis;
 — blood vessels count;
 — inflammatory cells count.
“Image J” computer image analysis software ver-

sion 1.40 g was used to measure the previously men-
tioned parameters. For each of the previous entries, 
measurements were taken from 6 microscopic fields 
per slide, 6 slides per rat and 6 rats per group.

Counting the number of inflammatory cells per 
microscopic field was performed using the (×40) ob-
jective lens. Thickness of the epidermis and number of 
blood vessels per microscopic field were done using 
the (×10) objective lens.

statistical analysis

Statistical analysis was done using the SPSS soft-
ware (Statistical Package for Social Studies, version 
13.0). One-way analysis of variance (ANOVA) was 

employed to compare means in different groups 
with each other. Bonferroni post hoc test was used 
to detect significance between every two individual 
groups.

The significance of the data was determined by 
the probability (p value). P > 0.05 was considered 
non-significant. P ≤ 0.05 was considered significant 
and p ≤ 0.001 was considered highly significant [37]. 
Data was represented in tables and histograms, pre-
pared by using MS Excel 2013.

RESULTS
Macroscopic results

At the end of the experiment macroscopic ex-
amination of the mid-back skin of the rats that was 
shaved at the beginning of the experiment revealed 
the following: in the control group heavy hair re-
growth was observed after 12 days and the skin 
appeared normal. In group II where the skin was 
subjected to topical application of IMQ cream for  
12 days, well demarcated erythema with overlying 
scale like flakes (scaling) was found and hair regrowth 
was greatly hindered. In group III, the skin area that 
was subjected to betamethasone cream preceded by 
IMQ cream application revealed hair regrowth, no 
erythema but still there were some scales on the skin 
surface. In group IV, the skin area that was injected 
by subcutaneous MSCs preceded by IMQ cream ap-
plication showed normal appearance of the skin with 
hair regrowth. No erythema or scales were observed 
(Fig. 1).

Histological results

Group I (control)

Haematoxylin and eosin-stained sections from 
the control rats revealed the epidermis and dermis 
layers. The epidermis was composed of stratified 
squamous epithelium with uniform thickness and lies 
on a wavy basement membrane. The border between 
the epidermis and dermis was clearly demarcated. 
The epidermis appeared to be arranged into four 
layers and covered by keratin scales. It was composed 
of stratum basale; the cells of stratum basale were 
columnar in shape with basophilic cytoplasm. Above 
this layer, the stratum spinosum layer consisted of 
polyhedral acidophilic cells with rounded nuclei. The 
third layer, stratum granulosum, showed numerous 
basophilic granules (keratohyalin granules). Finally, 
the superficial stratum corneum appeared non-cel-
lular and formed of acidophilic scales giving basket 
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weave appearance. The underlying papillary layer of 
dermis showed fine collagen fibres, patent capillaries 
and many connective tissue cells. The inner reticular 
layer of dermis was composed of dense connective 
tissue rich in thick collagen fibres (Fig. 2). 

Masson’s trichrome-stained sections showed the 
papillary dermis with fine interlacing collagen fibres 
just below the epidermis. Deeper dense and thick 

wavy collagen fibres appeared in the reticular dermis 
(Fig. 3).

Immunohistochemical staining with CD31 re-
vealed few, sporadic positively stained new vascular 
endothelial cells in the wall of the dermal blood ves-
sels mainly in the papillary layer. The blood vessels 
appeared with thin wall and patent lumen (Fig. 4). 

Figure 1. Gross appearance of: A. The normal control rat’s skin showing heavy hair regrowth; B. The rat’s skin that was treated with imi-
quimod (IMQ) cream for 12 days (group II). A well-demarcated erythema with overlying scale-like flakes (scaling) is observed. Note that hair 
regrowth is very weak; C. The rat’s skin was topically treated by betamethasone cream preceded by IMQ cream application (group III) show-
ing hair regrowth. No erythema is observed but still there are some scales on the skin surface; D. The rat’s skin that received subcutaneous 
mesenchymal stem cells injection preceded by IMQ cream treatment (group IV) showing normal appearance of the skin with hair regrowth. 
No erythema or scales are observed.

Figure 2. A light microscopic picture of a section in control rat’s 
skin showing layers of the epidermis consisting of stratum basale 
(SB) which appears as basophilic columnar cells. Stratum spino-
sum (SS) appears as polyhedral acidophilic cells. Stratum granu-
losum (SG) appears containing numerous basophilic keratohyalin 
granules. Stratum corneum is the most superficial acellular layer 
and the covering acidophilic keratin scales (K) appears as a basket 
weave. Uniform thickness of the epidermis is obvious through the 
whole section. Note the papillary layer (PD) and reticular layer (RD) 
of the underling dermis showing collagen bundles and few blood 
vessels (V); H&E, ×400.

Figure 3. A light microscopic picture of a section in control rat’s 
skin showing the papillary layer of dermis (PD) containing fine 
interlacing collagen fibres (arrow). The reticular layer of dermis 
(RD) contains thick wavy collagen fibres (C). The dermis apparently 
reveals few cellular elements (circle) and blood vessels (V). The 
epidermis is uniform in thickness with red keratin layer (K) is seen 
on top; Masson’s trichrome, ×100.

A B
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Immunohistochemical staining with CD8 antibody 
revealed negative immune reaction with very few, 
sporadic positively stained cells in the dermis (Fig. 5).  
Immunohistochemical staining with CD4 antibody 
showed negative reaction (Fig. 6).

Group II (IMQ cream group)

Haematoxylin and eosin-stained sections from 
group II that was treated with IMQ ream for 12 days  
revealed apparent thickening of the epidermis 
(epidermal hyperplasia), elongation of the rete 
ridges and thinning of supra-papillary plates  

(Fig. 7). The granular layer of the epidermis in which 
terminal differentiation begins was greatly reduced 
or absent, consequently a stratum corneum form in-
completely differentiated keratinocytes that known 
as parakeratosis. Also, widening of the intercellular 
spaces between keratinocytes due to intercellular 
oedema known as spongiosis was seen. The base-
ment membrane between epidermis and dermis 
appeared irregular and discontinuous at some area 
with traversing inflammatory cells into the epider-
mis (exocytosis). The underlying dermis showed 
increased angiogenesis and immune cell infiltration 
(Fig. 8).

Figure 4. A light microscopic picture of an immunohistochemically 
stained sections with antibody for endothelial cells of the blood 
vessels in control rat’s skin showing few, sporadic positively 
stained new vascular endothelial cells (arrow) in the wall of the 
dermal blood vessels mainly in the papillary layer; anti-CD31 antibody 
immune staining with Avidine-Biotin peroxidase method, ×400.

Figure 5. A light microscopic picture of an immunohistochemically 
stained sections with CD8 antibody in control rat’s skin showing 
almost negative immune reaction with very few, sporadic positive-
ly stained cells (arrow) in the dermis (arrow); anti-CD8 immune 
staining with Avidine-Biotin peroxidase method, ×400.

Figure 6. A light microscopic picture of an immunohistochemical 
stained sections of control rat’s skin showing negative reaction 
for CD4 immune staining; anti-CD4 antibody immune staining with 
Avidine-Biotin peroxidase method, ×400.

Figure 7. A light microscopic picture of a rat’s skin section of the 
group that was treated with imiquimod cream for 12 days (group II). 
The photo demonstrates epidermal hyperplasia (E). Elongation of the 
rete ridges (R), collections of immune cell infiltration (arrow) in the 
papillary dermis. Note thinning of the supra-papillary plates (p);  
H&E, ×100.

Figure 8. A light microscopic picture of a rat’s skin section of the 
group that was treated with imiquimod cream for 12 days (group II) 
showing apparent proliferation of different layers of the epidermis 
with overcrowding of the cells at the basal layer (B). Mitotic fig-
ures are evident (curved arrow). Wide intercellular spaces between 
basal keratinocytes and gaps in the basement membrane under-
lying the epidermis and traversing inflammatory cells can be seen 
(arrowhead). There is no sharp demarcation between the epidermis 
and dermis (basement membrane is almost not visualised). Notice 
numerous blood vessels (V) and immune cell infiltration (arrow) in 
the underlying dermis; H&E, ×400.
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Masson’s trichrome-stained sections showed ep-
idermal hyperplasia, elongation of the rete ridges. 
Also, numerous inflammatory cell infiltrate was seen 
particularly in the superficial dermis (Fig. 9).

Immunohistochemical staining with CD31 re-
vealed plenty of positively stained new vascular en-
dothelial cells in the wall of the dermal blood vessels 
mainly in the papillary layer of dermis. The positive 
immune staining also was seen in some areas of 
the epidermis (Fig. 10). Immunohistochemical stain-
ing with CD8 antibody revealed positively immune 
stained CD8 cells in the papillary dermis. CD8 positive 
immune stained cells were visualised in the epidermis 
as well (Fig. 11). Immunohistochemical staining for 
CD4 showed positively immune stained CD4 cells in 
the papillary dermis. Positive CD8 and CD4 cells were 

located mainly around and nearby blood vessels and 
both were visualized in the epidermis as well (Fig. 12).

Group III (IMQ + betamethasone group)

Haematoxylin and eosin-stained sections from the 
group that received betamethasone cream preceded by 
IMQ cream application revealed epidermis with uniform 
thickness covered with a thin layer of keratin. Elongation 
of the rete ridges into the underlying connective tissue 
of dermis also was seen. The epidermis was composed 
of 4 layers. Stratum basale was formed of crowded low 
columnar basophilic cells with basal oval nuclei that 
showed some mitotic figures. Above this layer, stratum 
spinosum was present and consisted of few acidophilic 
polygonal cells with frequent pyknotic nuclei and vac-

Figure 9. A light microscopic picture of a rat’s skin section of the 
group that was treated with imiquimod cream for 12 days (group II) 
showing epidermal hyperplasia (E), elongation of the rete ridges (R). 
Numerous inflammatory cell infiltrate is seen in the dermis (arrow); 
Masson’s trichrome, ×100.

Figure 10. A light microscopic picture of an immunohistochemically 
stained sections with antibody for endothelial cells of the blood 
vessels in rat’s skin section of the group that was treated with 
imiquimod cream for 12 days (group II). Plenty of positively stained 
new vascular endothelial cells (arrow) in the wall of the dermal blood 
vessels are seen mainly in the papillary layer of dermis. Notice also, 
the positive immune staining can be seen in some areas of the epi-
dermis (E); anti-CD31 antibody immune staining with Avidine-Biotin 
peroxidase method, ×400.

Figure 11. A light microscopic picture of an immunohistochemical-
ly stained sections with CD8 antibody in rat’s skin sections of the 
group that was treated with imiquimod cream for 12 days (group II). 
Positively immune stained CD8 cells can be seen in the papillary 
dermis (arrow). Positive cells are located mainly around and near-
by blood vessels (V). CD8 positive immune stained cells can be 
visualised in the epidermis as well (E); anti-CD8 antibody immune 
staining with Avidine-Biotin peroxidase method, ×400.

Figure 12. A light microscopic picture of an immunohistochemically 
stained sections with CD4 antibody in rat’s skin sections of the 
group that was treated with imiquimod cream for 12 days (group II)  
showing positively immune stained CD4 cells in the papillary 
dermis (arrow). Positive cells are located mainly around and near-
by blood vessels (V). CD4 positive immune stained cells can be 
visualised in the epidermis as well (E); anti-CD4 antibody immune 
staining with Avidine-Biotin peroxidase method, ×400.
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uolations. Stratum granulosum consisted of 2 rows of 
spindle-shaped cells with basophilic granular cytoplasm. 
Finally, the stratum corneum appeared to be formed of 
acidophilic thick layer. No sharp demarcation line be-

tween epidermis and dermis was seen with travelling 
inflammatory cells into the epidermis. The underlying 
dermis showed frequent blood vessels and some collec-
tions of inflammatory cells (Fig. 13).

Masson’s trichrome-stained sections showed 
crowded basal layer in the epidermis with many py-
knotic nuclei in spongy layer. The underlying papillary 
dermis showed inflammatory cells particularly local-
ized around the dermal blood vessels (Figs. 14, 15).

Immunohistochemical staining with antibody for 
endothelial cells of the blood vessels CD31 antibody 
immune stained with Avidin-Biotin peroxidase meth-
od revealed moderate number of positively stained 
new vascular endothelial cells in the wall of the der-
mal blood vessels mainly in the papillary layer (Fig. 
16). Immunohistochemical staining for CD8 antibody 
revealed few sporadic positively immune stained CD8 
cells in the papillary dermis (Fig. 17). Immunohisto-
chemical staining for CD4 antibody revealed positively 
immune stained CD4 cells in the papillary dermis. 
Positive cells were located mainly around and nearby 
blood vessels (Fig. 18).

Group IV (IMQ + hUCB-MSCs)

Haematoxylin and eosin-stained sections from 
the group that received one subcutaneous umbilical 
cord derived MSCs injection preceded by IMQ cream 
revealed epidermis with uniform thickness that lied 
on a straight basement membrane and covered with 

Figure 13. A light microscopic picture of a section in rat’s skin of the 
group that received betamethasone cream preceded by imiquimod 
cream application (group III) showing the 4 layers of the epidermis. 
The photo displays crowded basal basophilic low columnar cells of 
stratum basale (SB) with some mitotic figures (short curved arrow). 
Note the large blood vessel containing many inflammatory cells that is 
located at the basal layer of the epidermis (V). Stratum spinosum (SS) 
appears as acidophilic polygonal cells with frequent pyknotic nuclei 
(double arrow) and vacuolations (arrowhead). Stratum granulosum 
(SG) appears as flat cells filled with many basophilic keratohyalin 
granules and apparently thick layer of acidophilic stratum corneum 
(SC). Notice that there is no sharp demarcation line between epi-
dermis and dermis (no visible basement membrane) and travelling 
inflammatory cells into the epidermis is obvious (oblong shape). The 
underlying dermis demonstrates frequent blood vessels (V), and some 
collections of inflammatory cells (arrow); H&E, ×400.

Figure 14. A light microscopic picture of a section in rat’s skin of the 
group that received betamethasone cream preceded by imiquimod 
cream application (group III) showing thick hypertrophied epidermis (E). 
The underlying papillary layer of dermis (PD) containing fine interlacing 
collagen fibres (arrow). The reticular layer of dermis (RD) contains 
thick wavy collagen fibres (C). Numerous transversely cut hair follicles 
(H) and sebaceous glands (S) are visible; Masson’s trichrome, ×100.

Figure 15. A higher magnification of Figure 14 showing the epider-
mis with crowded basal layer, many pyknotic nuclei (arrow head) in 
spongy layer. The underlying papillary dermis shows inflammatory 
cells (arrow) particularly localized around the dermal blood vessels 
(v); Masson’s trichrome, ×400.
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a very thin keratin layer. The layers of the epidermis 
consisted of stratum basale which appeared as baso-
philic columnar cells resting on a straight continuous 

basement membrane. Stratum spinosum appeared 
as polyhedral acidophilic cells. Stratum granulosum 
appeared containing numerous basophilic granules. 
Stratum corneum was the most superficial acellular 
layers. A clear border demarcation was seen between 
the epidermis and the dermis with apparently intact 
basement membrane. The underling dermis showed 
few blood vessels and connective tissue cells (Fig. 19).

Masson’s trichrome-stained sections showed pap-
illary layer of dermis containing fine interlacing colla-
gen fibres. The reticular layer of dermis showed thick 
wavy collagen fibres. The sharp demarcation between 
the epidermis and dermis was evident (Fig. 20).

Immunohistochemical staining with CD31 re-
vealed few, sporadic positively stained new vascular 
endothelial cells in the wall of the dermal blood ves-
sels mainly in the papillary layer (Fig. 21). Immuno-
histochemical staining for CD8 and CD4 antibodies 
revealed negative immune reaction (Figs. 22, 23).

Using TEM, the epidermis of rat’s skin of IMQ 
treated group II showed apparent proliferation of 
the epidermis with overcrowded basal layer which 

Figure 16. A light microscopic picture of an immunohistochemically 
stained sections with antibody for endothelial cells of the blood 
vessels in rat’s skin of the group that received betamethasone 
cream preceded by imiquimod cream application (group III) showing 
moderate number of positively stained new vascular endothelial 
cells (arrow) in the wall of the dermal blood vessels mainly in the 
papillary layer. Also, positive immune stained cells are observed in 
the epidermis (arrowhead); anti-CD31 antibody immune staining with 
Avidine-Biotin peroxidase method, ×400.

Figure 19. A light microscopic picture of a section of rat’s skin of 
the group that received subcutaneous mesenchymal stem cells 
injection preceded by imiquimod cream application (group IV). 
The photo depicts layers of the epidermis consisting of stratum 
basale (SB) which appears as basophilic columnar cells resting on 
a straight continuous basement membrane, stratum spinosum (SS) 
appears as polyhedral acidophilic cells. Stratum granulosum (SG) 
appears containing numerous basophilic granules. Stratum cor-
neum (SC) is the most superficial acellular layer. Some keratocytes 
show pyknotic nuclei (curved arrow), other reveal vacuolation 
(arrowhead). Uniform thickness of the epidermis is obvious through 
the whole section. Note the papillary layer (PD) and reticular layer 
(RD) of the underling dermis which demonstrate few blood vessels 
(V) and connective tissue cells (arrow); H&E, ×400.Figure 17. A light microscopic picture of an immunohistochemically 

stained sections with CD8 antibody in rat’s skin sections of group 
that received betamethasone cream preceded by imiquimod cream 
application (group III) showing few sporadic positively immune 
stained CD8 cells in the papillary dermis (arrow); anti-CD8 antibody 
immune staining with Avidine-Biotin peroxidase method, ×400.

Figure 18. A light microscopic picture of an immunohistochemi-
cally stained sections with CD4 antibody in rat’s skin sections of 
group that received betamethasone cream preceded by imiquimod 
cream application (group III) showing positively immune stained 
CD4 cells in the papillary dermis (arrow). Positive cells are located 
mainly around and nearby blood vessels (V); anti-CD4 antibody im-
mune staining with Avidine-Biotin peroxidase method, ×400.
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was loosely attached to the resting basement mem-
brane. Wide intercellular spaces within the basal layer 
and large gaps between them and the underlying 
basement membrane were obviously seen. While in 
the MSCs-treated group IV, there were no gaps seen 
between the tightly connected cells of the basal lay-
er and the resting basement membrane (Fig. 24). In 
IMQ-treated group, the stratum basale cells resting on 
a basement membrane appeared irregular in shape 
with tendency of mitosis and division of its dense 
nucleolus with wide intercellular spaces. The resting 

basement membrane showed large gaps and absence 
of hemidesmosomes connecting it to the basal layer. 
While in MSCs-treated group the stratum basale cells 
appeared columnar in shape with elongated euchro-
matic nucleus and dense nucleolus. These cells have 
processes that were connected tightly together by 
desmosomes and were connected with the basement 
membrane by hemidesmosomes (Figs. 25, 26, 27).

Morphometric results and statistics

Thickness of the epidermis

Measuring of the epidermal thickness in H&E- 
-stained sections under high power field of light micro-
scope revealed highly statistically significant increase 
in the epidermal thickness in group II (IMQ-treat-
ed) and the betamethasone-treated group III  
compared to the control (group I) (p < 0.001). In 
MSCs-treated group IV, there was a highly significant 
decrease in the epidermal thickness as compared to 
group II (IMQ-treated) (p < 0.001) (Table 1, Fig. 28).

Figure 23. A light microscopic picture of an immunohistochemical-
ly stained sections with CD4 antibody in rat’s skin of the group re-
ceiving subcutaneous mesenchymal stem cells injection preceded 
by imiquimod cream application (group IV) showing negative reac-
tion for CD4 immune staining; anti-CD4 antibody immune staining 
with Avidine-Biotin peroxidase method, ×400.

Figure 20. A light microscopic picture of a section in rat’s skin of 
the group receiving subcutaneous mesenchymal stem cells injection 
preceded by imiquimod cream application (group IV) showing the 
papillary layer of dermis (PD) containing fine interlacing collagen fi-
bres (arrow). The reticular layer of dermis (RD) contains thick wavy 
collagen fibres (C). Sharp demarcation between the epidermis and 
dermis is evident (arrowhead); Masson’s trichrome, ×100.

Figure 21. A light microscopic picture of an immunohistochemical-
ly stained sections with antibody for endothelial cells of the blood 
vessels in rat’s skin of the group receiving subcutaneous mesen-
chymal stem cells injection preceded by imiquimod cream appli-
cation (group IV) showing few, sporadic positively stained new 
vascular endothelial cells (arrow) in the wall of the dermal blood 
vessels mainly in the papillary layer; anti-CD31 antibody immune 
staining with Avidine-Biotin peroxidase method, ×400.

Figure 22. A light microscopic picture of an immunohistochemi-
cally stained sections with CD8 antibody in rat’s skin of the group 
receiving subcutaneous mesenchymal stem cells injection preced-
ed by imiquimod cream application (group IV) showing negative 
immune reaction; anti-CD8 antibody immune staining with Avi-
dine-Biotin peroxidase method, ×400.
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Blood vessels count

Counting the number of new blood vessels in 
H&E-stained sections under low power field of light 

microscope, revealed highly statistically significant 
increase in the number of new blood vessel forma-
tion in group II (IMQ-treated), significant increase in 

Figure 24. A. An electron photomicrograph of a section in the epidermis of rat’s skin of the group that was treated with Aldara cream for  
12 days showing apparent proliferation of different layers of the epidermis with overcrowding of the cells of the basal layer. Stratum basale 
(SB) cells resting on a loosely attached basement membrane (BM). The cells appear columnar in shape with elongated euchromatic nucleus 
and dense nucleolus; however, some cells appear irregularly in shape (asterisk). Notice the wide intercellular spaces within the basal layer 
and the large gaps (arrowhead) between them and the underlying basement membrane. In stratum spinosum (SS) keratinocytes are polygo-
nal in shape with rounded euchromatic nucleus and electron dense nucleolus. Mitotic figures are evident (thick arrow). In stratum granulosum 
layer (SG), the cytoplasm of the cells contains few keratohyalin granules (curved arrow). Notice the superficial stratum corneum (SC) with 
many cytoplasmic and nuclear remnants (parakeratosis) (arrow); B. After receiving subcutaneous mesenchymal stem cells injection preceded 
by Aldara cream application showing stratum basale (SB) cells resting on a basement membrane (BM) separating it from the underlying der-
mis (D). the cells are connected with the basement membrane by hemidesmosomes (arrowhead). In stratum spinosum (SS) keratinocytes are 
polygonal in shape with rounded euchromatic nucleus and electron dense nucleolus. In stratum granulosum (SG) The cells have oblong eu-
chromatic nucleus, the cytoplasm contains keratohyalin granules (curved arrow). Notice the superficial stratum corneum (SC) non-nucleated 
cells with electron dense patches of keratin; TEM ×1200.

Figure 25. A. A higher magnification of a part of section of Figure 24A showing stratum basale (SB) cells resting on a basement membrane 
(BM). The cells appear irregular in shape with tendency of mitosis and division of its dense nucleolus (arrow). Notice the wide intercellular 
spaces between them (*). The resting basement membrane shows large gaps and absence of hemidesmosomes connecting it to the basal 
layer (arrowhead); B. After subcutaneous mesenchymal stem cells injection preceded by Aldara cream application showing stratum basale 
(SB) cells resting on a basement membrane (BM). The cells appear columnar in shape with elongated euchromatic nucleus and dense nu-
cleolus. The cells have processes that are connected together by desmosomes (arrow) and are connected with the basement membrane by 
hemidesmosomes (arrowhead); TEM ×4000.

A B

A B
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betamethasone-treated group III and non-significant 
increase in MSCs-treated group IV, compared to the 
control (group I). While in betamethasone-treated 
group III and MSCs-treated group IV, there was a high-
ly significant decrease in the number of new blood 
vessel formation as compared to group II (IMQ-treat-
ed) (p < 0.001) (Table 1, Fig. 29).

Inflammatory cells count

The numbers of inflammatory cells in H&E-stained 
sections under high power field of light microscope, 
revealed highly statistically significant increase in the 

number of inflammatory cells in group II (IMQ-treat-
ed) and in betamethasone-treated group III and 
non-significant increase in MSCs-treated group IV 
compared to the control (group I). While in betameth-
asone-treated group III and MSCs-treated group IV,  
there was a highly significant decrease in the num-
ber of inflammatory cells as compared to group II 
(IMQ-treated) (p < 0.001) (Table 1 Fig. 30).

DISCUSSION
The current work was designed to investigate the 

possible effect of human umbilical cord-derived MSCs 

Figure 26. A. An electron photomicrograph of a section in the epidermis of rat’s skin of the group that was treated with Aldara cream for  
12 days showing stratum basale cells. The cells appear columnar in shape with elongated euchromatic nucleus and dense nucleolus. The 
cells show wide intercellular spaces where they lost their desmosomal connections (arrow); B. After receiving subcutaneous mesenchymal 
stem cells injection preceded by Aldara cream application showing stratum basale cells. The cells appear columnar in shape with elongated 
euchromatic nucleus and dense nucleolus; TEM ×5000.

Figure 27. A. A higher magnification of a part of section of Figure 26A showing the wide intercellular spaces between the epidermal cells where 
they lost their desmosomal connections (arrow); B. After receiving subcutaneous mesenchymal stem cells injection preceded by Aldara cream 
application showing stratum basale cells. The cells have processes that are connected together tightly by desmosomes (arrow); TEM ×12000.

A B
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versus conventional betamethasone cream treatment 
on imiquimod-induced psoriasis-like skin lesion in 
adult male albino rat model. Psoriasis appears to be  
a uniquely human disease, it exclusively affects human 

among all animals with two reported exceptions;  
a rhesus monkey [24] and a cynomolgus monkey [40].

This lack of a suitable animal model has greatly 
hindered research into the pathogenesis and treatment 
of psoriasis. Over the past decades, numerous mouse 
models have been identified by genetic engineering and 
xenografting (human psoriatic skin grafted to immuno-
deficient mice) as an attempt to reproduce psoriasis. 
Extensive comparisons between these models have 
been made in different reviews [3, 9, 13]. However, 
not all these models reflect all clinical, histological and 
immunophenotypic characteristics of human psoriasis 
as described by Irfan et al. [16] who reported that imi-
quimod-induced psoriasis-like skin inflammation in mice 
model is considered to have the same and most closely 
resemblance with human psoriasis.

Table 1. Histomorphometric parameters in the four study groups

Mean ± standard  
deviation of

Control  
group

IMQ- 
-treated group

Betamethasone- 
-treated group

MSCs- 
-treated group

Epidermal thickness/high  
power field

0.5636 ± 0.23 6.28 ± 1.06
(p < 0.001)a

1.47 ± 0.28
(p < 0.001)a

(p < 0.001)d

0.8 ± 0.3
(p = 0.05)b

(p < 0.001)d

(p < 0.001)e

Blood vessels count 12.2 ± 2.5 36.2 ± 5.11
(p < 0.001)a

17.2 ± 2.1
(p < 0.001)a

(p < 0.001)d

15.4 ± 1.7
(p = 0.36)c

(p < 0.001)d

(p = 0.053)f

Inflammatory cells count 17.2 ± 0.81 92 ± 0.98
(p < 0.001)a

27.1 ± 3.1
(p < 0.001)a

(p < 0.001)d

18.7 ± 3.27
(p = 0.07)c

(p < 0.001)d

(p < 0.001)e

aHighly significant increase in comparison with control group; bSignificant increase in comparison with control group; cNon-significant increase in comparison with control group; dHighly 
significant decrease in comparison with IMQ-treated group; eHighly significant decrease in comparison with betamethasone-treated group; fSignificant decrease in comparison with 
betamethasone-treated group; IMQ — imiquimod; MSC — mesenchymal stem cell
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Figure 28. Mean thickness of the epidermis in micrometer. Figure 30. Mean inflammatory cells count.

Figure 29. Mean blood vessels count.



627

S.S. Attia et al., Mesenchymal stem cell on psoriasis-like lesions

Jason et al. [18] added that the IMQ mouse model 
offers scientists several excellent advantages; easy to 
use, inexpensive, and needs short treatment duration 
to elicit acute skin inflammation.

Nestle and Nickoloff [29] defined several criteria 
for an ideal psoriasis model which are: 1) epidermal 
changes based on keratinocyte hyperproliferation and 
altered differentiation; 2) papillomatosis (regular and 
symmetrical extension of rete ridges, separated by 
elongated dermal papillae); 3) presence of inflamma-
tory cells including T cells, dendritic cells, and neutro-
phils; 4) altered vascularity. In the present study, gross 
examination of the skin treated by IMQ cream (group II)  
showed signs of acute skin inflammation as erythema, 
scaling and thickening (induration) after 2–3 days 
from the start of experiment. These signs gradually 
worsened with continued treatment till the end of 
the experiment. Similar findings were described by 
van der Fits et al. [39]. The results presented in the 
current work showed that IMQ-induced skin inflam-
mation clearly and consistently fulfils the previous 
criteria 1, 2, 3, 4.

These clinical features were explained by Bochen-
ska et al. [3] who reported that the erythema rep-
resents the degree of vasodilatation in the dermis 
to which multiple cytokines (interleukin 1 [IL-1] and 
tumour necrosis factor alpha [TNF-a]) and compounds 
like (NO, phospholipase A2, metabolites and hista-
mine) from various cellular sources (keratinocytes, 
dendritic cells, mast cells) contribute. Skin thickness 
or induration is the result of increased keratinocytes 
proliferation due to stimulation by proinflammatory 
cytokines as well as dermal infiltration by inflam-
matory cells. Scaling reflects abnormal keratinocyte 
differentiation and maturation due to increased pro-
liferation and the abnormal cytokine medium. Hence, 
squamous keratinocytes aberrantly retain intact nuclei 
(parakeratosis) and release few extracellular lipids that 
normally cement adhesions of corneocytes. Therefore, 
poorly adherent stratum corneum is formed and this 
results in the characteristic scales of psoriasis, a phe-
nomenon typical for psoriasis skin lesions.

While the naked eye observation of the betameth-
asone-treated group (group II) and MSCs-treated 
group (group IV) in the present study showed that 
the psoriatic erythema, scaling and thickening were 
highly reduced compared with the IMQ group. How-
ever, in group III there were still some scales on the 
skin surface. While in group IV no erythema or scales 
were observed with normal hair regrowth.

Examination of H&E-stained sections of IMQ-treat-
ed group of rats in the present study showed in-
creased epidermal thickening (acanthosis) which was 
statistically highly significant compared to the control 
group. Also, retention of nuclei in the stratum cor-
neum (parakeratosis) and absence of the granular 
layer was observed in contrast to the control group. 
These findings coincided with those of Sah et al. 
[36] and Chamcheu et al. [4] who added that these 
histological findings are interestingly mimicking those 
of human samples of patients with active psoriasis 
taken in the same study.

Also, in the present study examining H&E-stained 
sections of IMQ-treated group showed widening of 
the intracellular spaces between keratinocytes was 
obviously observed and this was due to the intercel-
lular oedema known as spongiosis that was reported 
by Murphy et al. [27] who added that spongiosis was 
observed in the early stage while it became minimal 
or absent in the fully developed clinical plaque due 
to extension of inflammatory cells migration from the 
papillary capillaries via the thinned supra-papillary 
plates into the epidermis (exocytosis).

Exocytosis was observed in the H&E-stained sec-
tions of IMQ-treated group in the present study and 
confirmed by immunohistochemical staining of CD4 
and CD8 cells as some inflammatory cells traversed 
into the epidermis through the irregular and discon-
tinuous basement membrane.

Ghoreschi et al. [12] stated that the dermis of pso-
riatic skin is infiltrated predominantly by CD4-positive 
Th cells, which produce proinflammatory cytokines 
such as interferon (IFN)-c, TNF and IL-17. Also, ele-
vated levels of IL-6, IL-8 and keratinocyte growth fac-
tor (transforming growth factor-alpha) are found in 
psoriatic lesions Thus, an intense cross-talk between 
immune cells and keratinocytes seems to establish 
an interactive cytokine network, responsible for the 
development of psoriasis.

In the present study, there was a statistical in-
crease of the numbers of the inflammatory cells in the 
papillary dermis of the IMQ-treated group which was 
highly significant compared to the control group. It 
was found that the inflammatory infiltrate was largely 
composed of CD4 and CD8 T cells as confirmed by 
immunohistochemical staining using (CD4 and CD8) 
antibodies as markers for these cells which revealed 
positively immune stained CD4 and CD8 cells in the 
papillary dermis and they were visualized also in the 
epidermis.
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Similar findings were described by Hawkes et al. 
[14] and Ogawa et al. [30] who stated that activated 
CD4 and CD8 lymphocytes were initially considered to 
be equally important in the inflammation associated 
with psoriasis because large numbers of activated 
CD4 and CD8 lymphocytes were identified in the skin 
and peripheral blood of psoriatic patients.

Disruption of the basement membrane and the 
impairment of the skin barrier function was described 
as a feature for psoriasis in the mouse model by 
Raychaudhuri et al. [34] and was confirmed recently 
by the study of Jabeen et al. [17] who evaluated the 
disruption of skin barrier in the IMQ-treated mouse 
model by measuring the trans-epidermal water loss 
which reached a significant high value after 4 days 
of IMQ application.

The electron microscopic examination of the 
IMQ-treated group in the current work confirmed 
the light microscopic observations and showed that 
the intercellular spaces especially within the basal 
layer were considerably widened losing the desmo-
somal contacts in between the basal keratinocytes. 
Also, the resting basement membrane showed large 
gaps and absence of hemidesmosomes connecting 
it to the basal layer.

The present ultrastructure findings coincided with 
Natsumi et al. [28] who reported that several gaps 
of lamina densa of the basement membrane were 
detected in IMQ psoriasis model mouse.

In the current study, H&E-stained sections of 
IMQ-treated group showed increased angiogenesis 
and immune cell infiltrations in the underlying dermis. 
These findings were obviously noticed and confirmed 
by Masson’s trichrome stain.

In the present work, there was a statistical in-
crease of the numbers of dermal blood vessels of 
the IMQ-treated group which was highly significant 
compared to the control group. This increased vascu-
larisation was visualised also by immunohistochem-
ical staining using (CD31) antibody as a marker for 
endothelial blood vessels which revealed plenty of 
positively stained new vascular endothelial cells in the 
wall of the dermal blood vessels mainly in the papillary 
layer of dermis. The positive immune staining also 
was seen in some areas of the epidermis.

On the other hand, close examination of H&E-
stained sections of rats of betamethasone-treated 
group and MSCs-treated group in the present study 
showed some differences between them although 
both of them showed decrease in the epidermal 

thickening which was statistically highly significant 
compared to the IMQ group, but the thickness of the 
epidermis in betamethasone group was not uniform 
with some areas of apparent increased thickness 
with crowded basal layer and no sharp demarca-
tion line between epidermis and dermis. However, 
the underlying dermis of the two groups showed  
a decrease in the newly formed blood vessels and the 
inflammatory cells, which was statistically highly sig-
nificant compared to the IMQ group. This decreased 
vascularisation was visualized also by immunohisto-
chemical staining using (CD31) antibody as a marker 
for endothelial blood vessels which revealed few, 
sporadic positively stained new vascular endothelial 
cells in the wall of the dermal blood vessels mainly 
in the papillary layer.

These findings were explained by Chen et al. [7] 
who reported that corticosteroids are potent anti-in-
flammatory agents that block several inflammato-
ry pathways and induce apoptosis of inflammatory 
cells but could not promote the differentiation of 
keratinocytes and inhibit the proliferation of kerati-
nocytes as well as suppressing cytokine production 
by T cells, dendritic cells and keratinocytes. Thus, the 
mechanism of action of corticosteroids allows it to be 
only used in combination therapy with other topical 
agents that may improve their efficacy and safety 
profile over longer periods.

In group IV (MSCs-treated group), sections 
stained by H&E showed uniform thickness of the 
epidermis lying on intact basement membrane 
where a clear border of demarcation was seen be-
tween the epidermis and dermis. These findings 
were confirmed by Masson’s trichrome-stained 
sections and by the electron microscopic exami-
nation that showed no wide intercellular spaces 
between the epidermal basal layer where the cells 
connected tightly together by desmosomes and 
were connected with the basement membrane by 
hemidesmosomes.

These ultrastructure findings could be explained in 
view of the study of Shin et al. [38] who reported that 
the electron microscopic analysis revealed that sub-
cutaneous injection of human adipose tissue-derived 
mesenchymal stem cells in an oxazolone-induced 
atopic dermatitis model remarkably reduced trans-ep-
idermal water loss by restoring normal epidermal bar-
rier functions which are keratinocyte differentiation, 
epidermis development, and establishment of intact 
basement membrane.
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In the present work, MSCs demonstrated efficacy 
in reduction of disease severity through regulating 
multiple pathways. Psoriatic symptoms, higher ex-
pression of inflammatory mediators, and the infiltra-
tion of immune cells to the skin were all alleviated 
after MSC administration. This shows that the MSC 
infusion had immunomodulatory and anti-inflamma-
tory effects, thereby strongly inhibiting the severity 
and development of psoriasis as reported by other 
studies like Rokunohe et al. [35] who used adipose 
tissue-derived MSCs, Owczarczyk-Saczonek et al. [31] 
who used bone marrow-derived MSCs, Imai et al. [15] 
who used human amnion-derived MSCs and Chen et 
al. [6] who used hUCB-MSCs.

Immunohistochemical staining examination us-
ing (CD4 and CD8) antibodies in the MSCs-treated 
group in the current study revealed negative immune 
reaction. Similar findings were reported by Sah et al. 
[36]; Lee et al. [23] who added that MSCs can exert 
immunosuppressive effect by inducing apoptosis in 
CD8 T cells, inhibiting CD4 T cells proliferation and 
Th17 cell differentiation and induce regulatory T cells 
(Treg) differentiation.

Th17 cell homeostasis is the relationship with 
Tregs, whose imbalance may lead to the development 
of psoriasis as described by Rafei et al. [33] who 
confirmed that MSCs inhibit the activity of the Th17 
cell, reducing the expression of IL-17 and decreasing 
inflammatory cell infiltration in the central nervous 
system.

Park et al. [32] found that human embryonic MSCs 
in experimental autoimmune arthritis suppressed 
T-cell proliferation, and down-regulated pro-inflam-
matory cytokine production. Moreover, these ther-
apeutic effects were associated with an increase in 
CD4 Treg cells, inhibition of Th17 cell formation, and 
inhibited osteoclast differentiation.

In the current study, it was strongly believed that 
the beneficial effect of the MSCs on prevention the 
severity and progression of psoriasis may be due to 
the regulation of immune cell infiltration especially 
Th17 cells and by regulating epidermal functions 
and differentiations as reported by Kim et al. [20] 
who stated that the serum level of the Th1 cytokines 
(TNF-alpha, IFN-a, IFN-c, and IL-27) and Th17 cy-
tokines (IL-17A and IL-23) were dramatically reduced 
by MSCs, which means that subcutaneous-injection 
of MSCs inhibit systemic IMQ-induced inflammation. 

Kim et al. [20] added that there was correlation of 
the data from the skin lesions with the serum data. 
These results suggested that MSCs suppress the Th1- 
and Th17-associated cytokines and the psoriatic skin 
changes induced by IMQ.

The treatment and management of psoriasis 
is complex and depends on the patient’s symp-
toms. The current clinical management of psori-
asis generally involves topical corticosteroids and 
vitamin D3 analogues. However, the efficacy of 
topical agents has been reported to be limited for 
patients with moderate-to-severe psoriasis and is 
accompanied by side effects with long-term appli-
cation. Moreover, systemic immunosuppressants 
including methotrexate and cyclosporine have been 
reported to carry the risk of teratogenicity and oth-
er side effects. More recently, new biological agents 
including anti-17 (secukinumab, ixekizumab, and 
brodalumab) and anti-23 (tildrakizumab, gusel-
kumab, and risankizumab) antibodies have been 
approved for the treatment of psoriatic disease. 
However, they are expensive and several adverse 
reactions have been also reported [14]. Therefore, 
alternative treatment with more efficacy and safety 
is important in psoriasis.

A recent comprehensive review discussed by Park 
et al. (2021) [32] who reported that 6 patients affect-
ed by psoriasis were described in 4 clinical studies. 
Despite significant differences in their therapeutic 
protocols and clinical outcomes, the MSC-based reg-
imens were efficacious in 100% of the cases. Chen 
et al. [5], reported 2 cases of patients affected by 
psoriasis vulgaris treated with umbilical cord derived 
MSCs (hUCB-MSCs). Both of them had no recur-
rence for 4 years. They assumed that MSCs might be  
involved in the following four aspects: migration  
to skin lesions, immunomodulation, limitation of 
autoimmunity. However, they caution that more cases 
are needed to determine the efficacy of hUCB-MSCs 
and their infusion dose, method, and delivery time.

CONCLUSIONS
The data presented here suggest that the ap-

plication of hUCB-MSCs raises hope for developing  
a new, safe and effective therapy for psoriatic pa-
tients, although it still requires a lot of new research.
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Background: Aging is a complex process accompanied by numerous morpho-
logical, functional, and metabolic impairments in the brain, and a critical risk 
factor involved in the increasing incidence of neurodegenerative diseases. Few 
studies have evaluated the efficacy of different sources of mesenchymal stem 
cells (MSCs) in ameliorating the early morphological and functional alterations in 
the aging brain. This study, for the first time, evaluated the potential efficacy of 
intravenous injection of bone marrow-derived mesenchymal stem cells (BMMSCs) 
in a d-galactose-induced rat model of brain aging.
Materials and methods: BMMSCs (1 × 106) were intravenously injected into 
brain aging model rats once every 2 weeks for 8 weeks. 
Results: The transplanted cells survived and migrated to the brain, and differen-
tiated into astrocytes and neurons, including choline acetyltransferase neurons. 
BMMSC transplantation improved locomotor activity and cognitive functions, 
restored cholinergic system function, protected atrophic cholinergic neurons 
in the basal forebrain, induced antioxidative effects and restored neurotrophic 
factors, and modulated hippocampal synaptic plasticity by upregulating PSD95 
and Egr1 expression. 
Conclusions: Our findings demonstrated the efficacy of BMMSC injection in an 
aging rat model and suggest that these cells may be developed into an effective 
cell therapy for the aging brain. (Folia Morphol 2022; 81, 3: 632–649)

Key words: bone marrow-mesenchymal stem cells, d-galactose, rat, brain

INTRODUCTION
Aging is a progressive, complex process accompa-

nied with morphological, functional, and metabolic 
alterations in the brain, and a critical risk factor in-

volved in the escalating prevalence of neurodegenera-
tive, age-related diseases, such as Alzheimer’s disease 
(AD) and Parkinson’s disease (PD) [19, 34, 63, 71, 94].  
A distinction can be made between the gradual  
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decline in the structural and functional brain status in 
the non-diseased stage (primary or normal aging) and 
the progressive structural and functional loss resulting 
from age-related diseases (secondary aging) [43]. 

Cognitive functions controlled by the hippocam-
pus and prefrontal cortex are greatly affected by nor-
mal aging. Both brain regions experience cellular and 
synaptic changes that are related to a deterioration in 
cognitive activities [8, 11, 35, 52, 53]. The brain cells 
the most vulnerable to the deleterious consequenc-
es of aging are cholinergic neurons. During normal 
aging, the cholinergic system of the basal forebrain 
undergoes moderate neurodegenerative alterations, 
while in AD, it shows severe deteriorations. Aging and 
AD are associated with a progressive degeneration of 
the cholinergic neurons, characterised by a decline in 
choline acetyltransferase (ChAT) activity, followed by 
a reduction in acetylcholine (ACh) release [28, 31, 33, 
46, 48, 49, 72, 82]. The levels of neurotrophic factors, 
such as brain-derived neurotrophic factor (BDNF) 
and nerve growth factor (NGF), are also remarkably 
decreased in aging and AD, which can be linked to 
cognitive impairments [15, 50, 83]. In addition, it is 
well-established that aging is associated with declines 
in neurotransmitter and receptor levels, reduced syn-
apse numbers, and increased oxidative stress, leading 
to the marked neurodegenerative status associated 
with age-related diseases [29, 38, 43, 47, 75, 94].

The structural and functional impairments asso-
ciated with aging are accelerated in the presence of 
age-related diseases; hence, therapies that ameliorate 
primary and/or secondary aging are a principal tar-
get in aging research [42, 43]. Stem cell therapy has 
proven its efficacy in both AD and PD in pre-clinical 
and clinical studies. Among the different types of 
stem cells, mesenchymal stem cells (MSCs) are the 
most promising because they can differentiate toward 
the neuronal fate, release neurotrophic factors, and 
enhance endogenous brain repair. In addition, they 
have immunomodulatory, neuroprotective, angiogen-
ic, and chemotactic properties [4, 10]. In rodent AD 
models, MSC transplantation has been demonstrated 
to down-regulate Aβ deposits, enhance neurogenesis 
and neuronal differentiation, and alleviate spatial 
learning and memory deficits. Further, MSCs have 
anti-inflammatory and immunomodulatory effects 
[25, 41, 54, 56, 58–60, 68, 85, 90, 92, 95]. Based 
on these and other studies, in 2015, the Food and 
Drug Administration (FDA) approved the first phase 
2A clinical trial of MSCs for AD treatment, and sim-

ilar trials were designed in Europe and Asia [36]. 
Recently, the FDA approved a phase 1/2 trial of au-
tologous, adipose-derived MSCs for the treatment of 
AD (NCT04228666).

Most studies evaluating the efficacy of stem cells 
have been conducted in preclinical animal models or 
in patients with AD and PD, in which structural and 
functional brain capacities are extensively deteriorat-
ed. It could be postulated that early intervention to 
encounter the neuropathological alterations during 
primary aging would prevent or at least slow down 
the pathological processes leading to secondary ag-
ing, and hence reduce the incidence of age-related 
diseases [3, 42, 43, 64, 75, 94]. Notably, studies inves-
tigating the administration of human (h)MSCs derived 
from bone marrow or adipose tissue in mouse models 
of hind limb ischaemia have reported controversial 
outcomes regarding which type of MSCs is the most 
effective [13, 40]. Proof for the superiority of specific 
MSCs source for the treatment of neurodegenerative 
disorders is lacking. Since the potential differences 
between MSCs isolated from different sources may 
result in diverse clinical effects, studies to decide the 
most efficacious MSC types for each clinical condition 
are needed [84]. 

Few studies have evaluated the efficacy of MSC 
transplantation in animal models of aging [17, 39, 
61, 74, 91]. Therefore, we sought to assess, for the 
first time, the potential beneficial effect of systemic 
transplantation of bone marrow (BM)-derived MSCs 
(BMMSCs) on the cortex, hippocampus, and forebrain 
in a d-galactose-induced rat model of brain aging 
in order to evaluate their potential as a preventive 
approach for age-related neurodegeneration.

MATERIALS AND METHODS
animals

Thirty male Sprague Dawley rats (8 weeks old, 
180–200 g) were purchased from the Theodor Bilharz 
Research Institute, Imbaba, Egypt and were kept in 
the animal house of the Faculty of Medicine, Menou-
fia University, Egypt. The rats were housed in stand-
ard polycarbonate cages with 2 rats in cage under 
standard laboratory conditions (22 ± 5°C, 60 ± 5% 
humidity, and a 12-h/12-h light/dark cycle). Standard 
laboratory chow and tap water were available ad 
libitum. All experimental procedures involving ani-
mals were approved by Institutional Review Board 
of Princess Nourah bint Abdulrahman University, 
KSA [IRB# 18-0165] and Institutional Review Board 
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of Menoufia University, Faculty of Medicine, Egypt  
[IRB# 191219ANAT] and were conducted in accord-
ance with the guidelines on the ethical use of ani-
mals in the European Community Council Directive 
2010/63/EU. 

BMMSC isolation and culture 

Bone marrow-derived MSCs were obtained from 
6- to 8-week-old male Sprague Dawley rats as pre-
viously reported [65]. Briefly, BM plugs were col-
lected from the femurs and tibias of the rats using  
a 23-gauge needle and centrifuged for 5 min at room 
temperature (RT) at 1,800 rpm. The pelleted cells were 
then resuspended in Dulbecco’s modified Eagle’s me-
dium (DMEM, Gibco, Carlsbad, CA, USA) containing 
10% foetal bovine serum (FBS) (Gibco) and 1% pen-
icillin–streptomycin (Gibco) and seeded at a density 
of 1 × 106 cells/cm in 25 cm2 cell culture flasks. The 
cells were incubated at 37°C in a humidified atmos-
phere with 5% CO2. A complete medium change was 
performed every 3–4 days to remove non-adherent 
hematopoietic cells. When the confluence of the cells 
reached 70%, they were harvested for 2–5 min using 
0.25% Trypsin–EDTA (Sigma-Aldrich, St. Louis, MO, 
USA), then neutralised with complete medium and 
centrifuged at 500 × g for 5 min. Cell pellets were 
resuspended in complete medium. The viability of the 
cells was assessed by adding equal volumes of the 
cell suspension and 0.4% Trypan blue (Gibco), and 
loading 10 µL of the stained suspension into each 
chamber of a haemocytometer. Viable and dead cells 
were calculated within 5 min of sample preparation. 
Cells with greater than 90% viability were subcultured 
at a 1:3 (passage 1). Cells were used at passage 4. 

Flow cytometry 

Cells were resuspended in staining buffer (2% 
FBS/PBS) and surface-stained with FITC-conjugated 
mouse anti-rat CD44 (BioLegend, UK), FITCH-conju-
gated mouse anti-rat CD90 (BD Pharmingen, USA), 
or PE-conjugated rabbit anti-rat CD34 (Abcam, UK) 
at 4°C for 30 min. Isotype-matched antibodies served 
as controls. The cells were analysed using an EPICS 
XL flow cytometer (Beckman Coulter). 

Experimental design

The rats were randomly assigned to three groups: 
control, d-galactose (d-gal)-treated, and d-gal + 
BMMSCs-treated (n = 10 in each group). The sample 
size was calculated using the G Power software. Rats 

in the d-gal- and d-gal + BMMSCs-treated groups 
received a subcutaneous injection of d-gal (300 mg/ 
/kg, Sigma-Aldrich, St. Louis, MO, USA) every day for 
8 weeks. Rats in the d-gal + BMMSCs group were 
intravenously administered 1 × 106 BMMSCs labelled 
with the membrane-bound fluorescent marker PKH26 
(Sigma-Aldrich) once every 2 weeks. 

Behavioural tests 

All animals were acclimatised 1 week following 
arrival to behavioural testing. Tests were conducted  
1 week after the last transplantation. Test sessions 
were conducted between 2 PM and 5 PM. Two ob-
servers were present throughout each session and 
were blind to experimental condition. 

Open-field test

The open-field test allows simultaneous evalua-
tions of exploration, locomotion, and anxiety. A box 
of 1 m × 1 m and 50 cm in height was made of wood. 
The floor of the box was divided into equally areas. 
Each rat was positioned in the centre of the open field 
arena and the rearing frequency, number of crossing 
the lines (with both forepaws), and number and du-
ration of central square entries (with both forepaws) 
were recorded using a video camera installed 2.5 m  
above the box for 5 min. The box was placed in  
a noiseless room with controlled illumination. 

y-maze test

The Y-maze task was used to evaluate spatial 
working memory. A Y-maze with three equal-sized 
wooden arms (60 cm, 12 cm, 25 cm) was designed. 
Each rat was placed in the centre of the maze and per-
mitted to explore the three arms for 8 min. A correct 
choice was scored when any three successive choices 
of three different arms were entered. An alternation 
score was obtained as the total number of alterna-
tions divided by the total number of choices minus 2. 

Measurement of body weight and the brain index

The general condition of the rats, including behav-
ioural activity and glossiness and colour of the hair coat, 
was observed daily. Body weights were assessed weekly. 
At the end the experiment, the rats were anaesthetised 
through intraperitoneal injection of ketamine (90 mg/ 
/kg) and xylazine (15 mg/kg) and decapitated. Brains 
were immediately harvested from all rats and weighed. 
Brain indices were calculated in the following manner: 
brain tissue weight (mg)/final body weight (g).
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assessment of oxidative stress and antioxidants 
indices

A spectrophotometer was used to determine the 
levels of malondialdehyde (MDA) and glutathione 
(GSH) in brain tissue. To assess the extent of lipid 
peroxidation, rats’ cortices and hippocampi (100 mg)  
were homogenised in 1 mL of phosphate buffer solu-
tion (PBS; pH 7.0) and the MDA concentration was 
measured [87]. The homogenates were centrifuged 
after being mixed with trichloroacetic acid (TCA; 
20%) at 5000 rpm for 15 min. The supernatants 
were treated with a 5% thiobarbituric acid (TBA) solu-
tion before being boiled in a water bath for 10 min.  
The absorbance at 532 nm was determined, and the 
MDA concentration was estimated using the standard 
curve. The results were given in nanomoles (nmol) per 
milligram (mg) of protein.

Ellman’s method [22] was used to assess GSH 
levels. A solution of dithiobis nitrobenzoate (DTNB) 
was added to cortices and hippocampi tissue ho-
mogenate and incubated for 1 h. At 412 nm, the 
absorbance was measured. The standard curve was 
used to measure the GSH concentration. The find-
ings were expressed in micromoles (mmol) per mg 
of protein.

Quantitative reverse-transcription polymerase 
chain reaction (RT-qPCR) 

Total RNA was extracted from homogenised cor-
tices and hippocampi of rats of each group using 
RNeasy Purification Reagent (Qiagen, Valencia, CA, 
USA) according to the manufacturer’s protocol. RNA 
purity was assessed with a spectrophotometer; the 
wavelength absorption ratio (260/280 nm) was be-
tween 1.8 and 2.0 for all preparations. The RNA was 
reverse transcribed into cDNA using Superscript II 
(Gibco Life Technologies, Grand Island, NY, USA). 
qPCRs were run and analysed in a StepOneTM instru-
ment with software version 3.1 (Applied Biosystems, 
Foster City, CA, USA). The reaction mixtures con-
tained SYBR Green Master Mix (Applied Biosystems), 
a gene-specific primer pair (listed in Table 1), cDNA, 
and nuclease-free water. The cycling conditions were: 
10 min at 95°C followed by 40 cycles of 15 s at 95°C 
and 60 s at 60°C. The ABI Prism sequence detection 
system software was used to analyse the data and 
quantification was achieved using the Sequence De-
tection Software v1.7 (PE Biosystems, Foster City, 
CA). Relative target gene expression was calculated 
using the comparative cycle threshold method [45]. 
All values were normalised to β-actin mRNA. 

Table I. List of primers used in quantitative reverse-transcription polymerase chain reaction

Gene name Gene accession Primer sequence forward/reverse 5’→3’

ChT1 NM_053521 CAAGACCAAGGAGGAAGCAG
GCAAACATGGAACTTGCTGA

ChAT XM_224626 TGAACGCCTGCCTCCATTCGGC CTGCTGA
GTGCCATCTCGGCCCACCACG AACTGCA

VAChT NM_031663 GCCACATCGTTCACTCTCTTG 
CGGTTCATCAAGCAACACATC 

M1AChR NM_080773 CCTACAGCTGGAAGGAAGAA
GCCTGTGCTTCAGAATCTAC

nAChR α5 NM_017078 TGGAACACCTGAGCGACAAG
CGTGACAGTGCCGTTGTACC

nAChR β2 NM_019297 CGGGAAGCAGTGGATGGCGTA
GTCCTCCCTCACACTCTGGTCATCA

Egr1 NM_012551 AAGACACCCCCCCATGAAC
CTCATCCGAGCGAGAAAAGC

BDNF NM_012842 TGTCCGAGGTGGTAGTACTTCATC
CATGCAACCGAAGTATGAAATAACC

VEGF AF062644 GAGGAAAGGGAAAGGGTCAAAA
CACAGTGAACGCTCCAGGATT

NGF XM_227525 TGC ATA GCG TAA TGT CCA TGT TG
CTG TGT CAA GGG AAT GCT GAA

BETA-ACTIN NM_031144 ATTTGGCACCACACTTTCTACA
TCACGCACGATTTCCCTCTCAG

Abbreviations — see text.
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Immunohistochemical analysis 

For immunohistochemical staining, brains were 
fixed in 10% formalin and embedded in paraffin 
wax. Five-micrometre sections were deparaffinised, 
rehydrated, rinsed with PBS, and blocked in 0.1% 
H2O2 for 30 min to block endogenous peroxidase 
activity. The sections were incubated in 10% normal 
goat serum (blocking solution) at RT for 1 h, then 
incubated with rabbit anti-polysynaptic density pro-
tein 95 (PSD95) primary antibody (1:500, Abcam, 
Cat. #ab18258) at RT for 1 h. After rinsing with PBS, 
the sections were incubated with a biotinylated goat 
anti-rabbit secondary antibody (1:200, Vector Labs, 
BA-1000, Peterborough, UK) at RT for 20 min. The 
sections were treated with the enzyme conjugate 
streptavidin–horseradish peroxidase solution for  
10 min. Secondary antibody binding was detected 
using 3,3-diaminobenzoic acid dissolved in PBS with 
H2O2 (0.03%) added immediately before use. The 
sections were washed with PBS, counterstained with 
two drops (100 µL) of haematoxylin, and rinsed in dis-
tilled water until they turned blue. Finally, the slides 
were dehydrated in an ascending graded ethanol 
series (70%, 95%, and 100%) for 5 min per concen-
tration, cleared in xylene, mounted with Histomount, 
and covered with a coverslip. 

For immunofluorescence staining, brains were 
dissected and fixed at 4°C for 24 h, then cryoprotected 
in 30% sucrose at 4°C. Serial sections (40 µm) were 
cut by a cryostat and stored at –20°C until use. The 
sections were incubated in 10% blocking solution 
(10% normal goat serum in 0.3% Triton X-100 in 
PBS) at RT for 1 h, then incubated at 4°C overnight 
in the primary antibodies rabbit anti-Neun (1:1000, 
Abcam, Cat. #ab177487), rabbit anti-GFAP (1:1000, 
Abcam, Cat. #ab7260), or rabbit anti-ChAT (1:1000, 
Abcam, Cat. #ab1778850). The sections were then 
rinsed in PBS and a secondary antibody was applied 
(1:500, Alexa-488, Cat. #A-11034, Molecular Probes) 
at RT for 1 h. Finally, the sections were rinsed in PBS 
and mounted in Fluoroshield Mounting Medium with 
DAPI (Abcam, Cat. #ab104139).

Quantitative histological assessments

Five non-overlapping images per section were 
randomly captured from the cerebral cortex, where-
as the entire basal forebrain and dentate gyral area 
were analysed for each brain section for each marker. 
Immunohistochemical images were captured using  
a Leica DML B2/11888111 microscope equipped 

with a Leica DFC450 camera, using the Leica C PLAN 
4×/0.10 or 10×/0.22 objectives. Immunofluores-
cence images were captured using a Leica DM5500 
B/11888817/12 microscope equipped with a Leica 
DFC450C camera, using the Leica HI PLAN 10×/0.25 
objective. For each image, the region of interest was 
the field of view at a magnification of 10×. From at 
least three sections/rat, immunopositive cells were 
counted using the ImageJ software (National Insti-
tutes of Health, Bethesda, Maryland, US) by a man-
ual approach using the plugin/cell counter tool [70] 
and then averaged per field for each rat. Calculated 
numbers for 10 animals/experimental group were 
considered for comparison and statistical analyses. 

statistical analysis

The data are expressed as the mean ± standard 
error of mean (SEM). Normal distributions were eval-
uated using the D’Argostino and Pearson normality 
test, and data were analysed using one-way or two- 
-way analysis of variance (ANOVA) followed by a post 
hoc Bonferroni test. P < 0.05 was considered statisti-
cally significant. Statistical analyses were performed 
using GraphPad Prism 5.03 (GraphPad Software, San 
Diego, California, USA).

RESULTS
Characterisation of BMMsCs 

After 10 days of culture, MSCs derived from the 
BM of Sprague-Dawley rats were spindle-shaped 
fibroblast-like cells. Cells from passage 4 were eval-
uated by flow cytometry for the expression of the 
markers CD90, CD44 (mesenchymal cell marker), 
CD34 (hematopoietic lineage marker). More than 
90% of the cells were CD90+ and CD44+, whereas 
less than 10% were CD34+ (Fig. 1). These results 
indicated that the cells were mostly non-hemato-
poietic MSCs. 

BMMsC transplantation improves the physical 
characteristics, body weight, and brain indices

Rats in the d-gal group exhibited signs of general 
aging in terms of physical appearance, i.e., reduced 
activity and rough, dull, yellow hair coat with hair 
loss, while rats in the transplanted group exhibited 
normal activity and smooth, glossy, brightly coloured 
hair coat, suggesting that BMMSC treatment had 
beneficial effects on d-gal-induced aging. In the 
current study, the body weights of the rats in the 
control, d-gal, and transplanted groups were not 
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treatment dramatically improved the brain index as 
compared with that in the aged rats (Fig. 2), indicat-
ing that transplanted cells prevented d-gal-induced 
brain atrophy.

BMMSCs improve spatial working memory, 
exploratory behaviour, and locomotion, and 
reduce anxiety in d-gal aging rats 

Seven days after the last BMMSC injection, the 
reaction to a novel environment was evaluated using 
the open-field test. Aged rats showed significantly 
decreased exploratory behaviour and locomotion 
as indicated by significant declines in the rearing 
frequency and number of line crossings when com-
pared to those in the control group (Fig. 3A, B). This 
was significantly improved by BMMSC injection as 
indicated by the significant increases in the rearing 
frequency and number of line crossings when com-
pared to the values in the aging group (Fig. 3A, B). 
Parameters reflecting anxiety increased with aging. 
In the d-gal group, the frequency and duration of 
central square entries were significantly reduced as 
compared to those in the control group (Fig. 3C, D). 
BMMSC treatment ameliorated anxious behaviour 
and significantly increased the frequency and dura-
tion of central square entries as compared to those 
in the aged group (Fig. 3C, D).

The alternation score in the Y-maze task was dra-
matically decreased in the aged group when com-
pared with the control group, which reflects impaired 
spatial working memory (Fig. 3E). BMMSC treatment 
significantly improved the spatial working memory 

Figure 1. Characterisation of the bone marrow-derived mesenchymal stem cells (BMMSCs) population. The cell-surface phenotype of the 
BMMSCs was assessed by flow cytometry using antibodies against CD90, CD44, and CD34. In total, 92.3%, and 92.1% of the cells expressed 
CD90 and CD44, respectively, whereas only 9.5% expressed CD34.

significantly different. However, the brain index was 
significantly decreased in d-gal-treated rats com-
pared with that in the control rats, whereas BMMSC 

Figure 2. Body weight (A) and brain index (B) were evaluated in 
the control, aged (d-gal), and transplanted (d-gal + BMMSCs) rats; 
**P < 0.001 vs. control rats; #P < 0.01 vs. aged rats. Data are 
expressed as means ± standard error of mean; N = 10/group; 
BMMSCs — bone marrow-derived mesenchymal stem cells.
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as indicated by an increased alternation score when 
compared to that of the aged group (Fig. 3E).

BMMSCs restore cholinergic system function 

The functional integrity of the cholinergic system 
in the cerebral cortex and hippocampus is largely 
affected during aging [18, 20, 46]. The correlation 
between cholinergic system hypofunction and cog-

nitive deficits has led to the formulation of the cho-
linergic hypothesis of cognitive impairments in aging 
and AD [46]. Gene expression of the main functional 
elements of cholinergic neurons was assessed in the 
different groups. Gene expression of ChAT for acetyl-
choline synthesis; high-affinity choline transporter 1 
(ChT1) and the vesicular ACh transporter (VAChT) for 
ACh transport into the vesicles; and the cholinergic 
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Figure 3. A–E. Locomotion, exploratory behaviour, spatial working memory, and anxiety were evaluated in control, aged (d-gal), and trans-
planted (d-gal + BMMSCs) rats. Locomotion and explanatory behaviour (horizontal locomotion and vertical rearing) and anxious behaviour 
(frequency and duration of central squares entries) were assessed for 5 min in an open field test, and spontaneous alternations between the 
arms of a Y-maze was assessed for 8 min; ***P < 0.001 vs. control rats; ##P < 0.01 and ###P < 0.001 vs. aged rats. Data are expressed as 
means ± standard error of mean; N = 10/group; BMMSCs — bone marrow-derived mesenchymal stem cells.
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muscarinic (m1AChR) and nicotinic ACh receptors 
(nAChR α5 and nAChR β2) for synaptic signalling 
were decreased in both the cortex (Fig. 4A) and the 
hippocampus (Fig. 4B) of aged as compared with 
control rats. These changes in gene cholinergic nerve 
marker expression were markedly prevented in the 
d-gal + BMMSCs group in both the cortex and the 
hippocampus (Fig. 4A, B).

Transplanted BMMSCs survive and migrate to 
the brain, and differentiate into neurons and 
astrocytes 

To assess the potential mechanisms by which 
BMMSCs improved motor and cognitive deficits and 
restored cholinergic system alterations, we first as-
sessed whether the systemically administered BMMSCs 
homed to and survived in the brains of the transplanted 

rats. PKH-labelled transplanted BMMSCs were found 
in brain sections of the transplanted group and were 
detected extensively in all examined brain regions. To 
characterise the fate of the migrated cells, the cells 
were recognised by PKH labelling, while their differenti-
ation status was confirmed based on the expression of 
the neuronal marker Neun or the astrocyte marker glial 
fibrillary acidic protein (GFAP). In the cerebral cortices 
and hippocampi of transplanted rats, approximately 
10% and 30% of the PKH-labelled cells co-expressed 
Neun (Fig. 5), and GFAP (Fig. 6), respectively, whereas 
a few transplanted cells expressed ChAT.

BMMSC transplantation protects cholinergic 
neurons in the basal forebrain

The cholinergic system involves neurons found 
mainly in the basal forebrain and their long axons 

Figure 4. Gene expression of cholinergic nervous system markers in the cortex (A) and hippocampus (B) in control, aged (d-gal), and trans-
planted (d-gal + BMMSCs) rats as measured by quantitative reverse-transcription polymerase chain reaction; ***P < 0.001 vs. control rats; 
#P < 0.05, ##P < 0.01 and ###P < 0.001 vs. aged rats. Data are expressed as means ± standard error of mean; N = 10/group; BMMSCs 
— bone marrow-derived mesenchymal stem cells.
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Figure 5. Survival and differentiation of transplanted bone marrow-derived mesenchymal stem cells (BMMSCs) into neurons in transplanted (d-gal 
+ BMMSCs) rats. A number of PKH-labelled BMMSCs (red) (B, J) co-expressed Neun (green) in the cortex (C, D) and in the hippocampus (K, L). 
The boxed areas in A–D and I–L are magnified in E–H and M–P, respectively. PKH-labelled cells (red) (B, F, J, N), Neun-positive cells (green)  
(C, G, K, O), DAPI-stained nuclei (blue) (A, E, I, M), and merged images (D, H, L, P). Scale bar = 500 μm (A–D, I–L) and 100 μm (E–H, M–P).

that projects diffusely to the cerebral cortex and the 
hippocampus. To determine whether BMMSC trans-
plantation rescued atrophic cholinergic neurons in the 
basal forebrain in aged rats, ChAT-positive neurons 
were analysed. In d-gal-treated rats, ChAT-positive 
cells in the basal forebrain were markedly declined 
(Fig. 7A, B, D), whereas in the transplanted group, 
they were markedly increased (Fig. 7B–D). In the 
transplanted rats, some PKH-labelled cells in the basal 
forebrain co-expressed ChAT (Fig. 7C’–C’’’).

BMMsCs exert antioxidative effects and restore 
neurotrophic factors

One of the most well accepted theories for the 
mechanistic cause of brain ageing is the free-radical 
hypothesis of aging [26]. d-gal-treated rats had higher 
levels of MDA, an index of lipid peroxidation, in their 
cerebral cortex and hippocampus than control rats 
(Fig. 8A, C). In addition, the GSH levels in these brain 
regions were significantly (Fig. 8B, D) reduced in aged 
compared to control rats. In d-gal + BMMSCs-treated 

rats, MDA levels in the cerebral cortices and hip-
pocampi were significantly reduced (Fig. 8A, C), 
whereas the GSH levels were increased (Fig. 8B, D) 
when compared with the levels in d-gal-treated rats.

Neurotrophic factors, such as BDNF, NGF, and vas-
cular endothelial growth factor (VEGF) play important 
role in cholinergic innervation and ChAT activity in 
the cortex and hippocampus, and their decline has 
been linked to impaired cognitive function in aged 
animals [23, 79]. The expression of BDNF, NGF, and 
VEGF in the cortex and hippocampus were remarkably 
decreased in aged rats (Fig. 9) when compared with 
the expression in control rats, and these declines 
were suppressed in both brain regions (Fig. 9) after 
BMMSC transplantation. 

BMMSCs modulate hippocampal synaptic 
plasticity by upregulating the PSD95 expression 
and triggering Egr1 expression

The PSD95 protein is a component of the postsyn-
aptic complex and plays a crucial role in synaptic plas-
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Figure 6. Survival and differentiation of transplanted bone marrow-derived mesenchymal stem cells (BMMSCs) into astrocytes in the transplanted 
(d-gal + BMMSCs) group. A number of PKH-labelled BMMSCs (red) (B, J) co-expressed GFAP (green) in the cortex (C, D) and in the hippocampus 
(K, L). The boxed areas in A–D and I–L are magnified in E–H and M–P, respectively. PKH-labelled cells (red) (B, F, J, N), GFAP-positive cells (green) 
(C, G, K, O), DAPI-stained nuclei (blue) (A, E, I, M) and merged images (D, H, L, P). Scale bar = 500 μm (A–D, I–L) and 100 μm (E–H, M–P).

ticity [16]. The numbers of PSD95-positive neurons in 
the hippocampus were markedly decreased in aged 
rats (Fig. 10A, B), whereas they were significantly 
increased in the transplanted group (Fig. 10A, B). 

Reduced transcription of early growth response 
protein 1 (Egr1), an immediate early gene, in the 
hippocampus has been related to age-related memory 
deficits [21, 62, 93]. Egr1 expression in the hippocam-
pus was reduced in aged rats when compared with 
control rats (Fig. 10C), but was significantly restored 
in BMMSCs + d-gal rats (Fig. 10C). 

DISCUSSION 
In the central nervous system, aging is associated 

with altered structure and connectivity, which leads 
to a decline in normal function. The decreases in 
neuron numbers and brain function during aging 
may be a determinant factor in the morphological 
and functional changes observed in neurodegener-
ative diseases [19, 34, 63, 71, 94]. These changes 

are accompanied by the deterioration of motor 
coordination and cognition in normal aging, which 
is worsened in age-associated neurodegenerative 
disorders such as AD [8, 11, 35, 52, 53]. Thus, ther-
apeutic strategies to ameliorate primary (normal) 
aging are a major goal in aging research [3, 42, 43, 
64, 75, 94]. The replenishment of lost/malfunction-
ing cells by stem cell therapy has become the focus 
of recent research. Studies have demonstrated the 
therapeutic potential of different types of MSCs 
such as adipose-, umbilical cord (UC)-, and amniot-
ic-derived MSCs in rodent aging models [17, 39, 61, 
74, 91]. Given the lack of proof for the superiority 
of specific source of MSCs in alleviating structural 
and functional alterations in different parts of the 
aging brain as well as for the most effective injec-
tion route [84], this study aimed to evaluate, for 
the first time, the potential beneficial outcome of 
intravenous transplantation of BMMSCs on the brain 
in d-gal aging rats. 
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Figure 7. Number of cholinergic neurons in the basal forebrain in control, aged (d-gal), and transplanted (d-gal + BMMSCs) rats. A number 
of PKH-labelled BMMSCs (C’’, red) co-expressed ChAT (C’’’, green). The boxed areas in panel C are magnified in panel C’. PKH-labelled cells 
(red) (C’’), ChAT-positive cells (green) (A–C and C’), and merged images (C’’’). Scale bar = 500 μm A–C; ***P < 0.001 vs. control rats;  
###P < 0.001 vs. aged rats. Data are expressed as means ± standard error of mean; N = 10/group; BMMSCs — bone marrow-derived  
mesenchymal stem cells.

Aging is featured by a gradual decline in loco-
motion and cognition. With aging, various aspects 
of learning and memory progressively decline. In 
our study, BMMSCs improved exploratory behaviour, 
locomotion, and anxiety in d-gal + BMMSCs rats. 
Our results are consistent with previous findings. 
Intra-cerebroventricular human BMMSC transplanta-
tion in aged rats improved spatial memory accuracy 
capacity in locating goal sector in a Barnes maze 
[91]. Spatial learning and memory functions in d-gal 
aging mice enhanced after repeated intraperitoneal 
injections of hUCMSCs [17]. Repeated intravenous 
transplantations of human amniotic membrane 
(AM)-derived MSCs (AMMSCs) or adipose tissue 
(AD)-derived MSCs (ADMSCs) in 10-month-old male 
F344 rats improved motor coordination and cognitive 
function as indicated by improved rotarod, passive 
avoidance, and Morris water-maze performance [39]. 
Similarly, single or repeated intravenous or intra-cer-
ebroventricular transplantation of ADMSCs increased 

physical activity and enhanced learning and memory 
performance in aged mice [61]. 

The strong involvement of the cholinergic circuits 
in age-related brain functional deterioration has led 
to the development of cholinergic hypothesis of 
geriatric cognitive impairments [9, 30, 72, 77, 81]. 
In normal aged brains, loss of cholinergic neurons, 
depletion of ACh, reduced ChAT activity, and declines 
in the densities of muscarinic and nicotinic ACh re-
ceptors have been reported [9, 18, 28, 49, 72, 77, 
82]. Based on positron emission tomography, Albin 
et al. [2] reported region-specific declines in VAChT 
binding sites in the cortex and striatum in the aged 
brain. In our study, the gene expression of the cho-
linergic factors ChAT, ChT1, VAChT, m1AChR, and 
nAChRs α5 and β2 was increased in transplanted 
compared to aged rats. Therefore, it is plausible to 
conclude that the detected improvements in cogni-
tive and motor activities might be due to improve-
ments in the cholinergic system.
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To reveal the mechanism underlying the behav-
ioural and cholinergic functional improvements ob-
served after BMMSC injection, we evaluated the sur-
vival, migration, and differentiation potential of the 
transplanted BMMSCs in d-gal aging rats. Repeated 
intravenous BMMSC transplantation was accompa-
nied with a massive migration of the cells into all 
brain regions examined. These results were in line 
with previous findings. Interestingly, in both animals 
and humans, aging has been linked with increased 
blood-brain barrier permeability, which might be 
triggered by several aging-mediated events, such as 
increased oxidative stress and enhanced microglial 
activation [66, 76]. Demonstrating the therapeutic 
efficacy of a relatively non-invasive approach such 
as the intravenous route is of clinical relevance as 
invasive implantation techniques such as intracranial 
transplantation may damage intact brain tissues, 
increasing the burden of aging-related cell loss. Ap-
proximately 10% of the migrated cells differentiated 
into neurons and 30% differentiated into astrocytes. 
In addition, only few transplanted cells differentiat-
ed into ChAT+ cells. Substantial evidence suggests 

Figure 8. A–D. Status of malondialdehyde (MDA) and glutathione (GSH) in the cortex (A, B) and the hippocampus (C, D) of control, aged 
(d-gal), and transplanted (d-gal + BMMSCs) rats. ***P < 0.001 vs. control rats; ##P < 0.01 and ###P < 0.001 vs. aged rats. Data are  
expressed as means ± standard error of mean; N = 10/group; BMMSCs — bone marrow-derived mesenchymal stem cells.

Figure 9. Gene expression of BDNF, NGF, and VEGF in the cortex (A) 
and the hippocampus (B) of control, aged (d-gal), and transplanted 
(d-gal + BMMSCs) rats as measured by quantitative reverse-tran-
scription polymerase chain reaction. ***P < 0.001 vs. control 
rats; ###P < 0.001 vs. aged rats. Data are expressed as means 
± standard error of mean; N = 10/group; BMMSCs — bone mar-
row-derived mesenchymal stem cells.
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that BMMSCs can differentiate into neurons, and in 
particular, ChAT neurons [1, 5, 6, 12, 32, 55, 67, 78, 
80, 88, 89]. The capabilities of intravenously injected 
MSCs from different sources to migrate and differ-
entiate into the neuronal fate have been previously 
reported. In 10-month-old male F344 rats, repeated 
intravenously transplanted hAMMSC and hADMSCs 
homed to the cerebral cortex and hippocampus and 
differentiated into neurons, some of which co-ex-
pressed ChAT, and, in part, into astrocytes [39]. Similar 
results have been reported after repeated intravenous 
transplantation of hADMSCs [61]. However, these 
studies reported a higher potential of the transplant-
ed cells to differentiate into neuronal phenotypes; 
in particular, ChAT-positive cells, than we observed. 
Differences in aging animal models, tissue source and 
species of the MSCs, and intravenous dose frequency 
may account for this discrepancy. 

Previous studies have shown that the differentia-
tion of transplanted cells into neurons and their sub-
sequent projection to the target anatomical region is 
challenging, and that the beneficial effects observed in 
the transplanted brains could be mainly explained by 
transplanted stem cell-mediated protection rather than 
replacement. The cholinergic system involves neurons 
found mainly in the basal forebrain and their long ax-
ons that projects diffusely to the cerebral cortex and 
the hippocampus. We observed limited differentiation 

of the transplanted cells into the neuronal fate in the 
cortex and hippocampus. Interestingly, we observed 
a significant increase in the number of endogenous 
ChAT-positive cells in the basal forebrain in transplanted 
rats when compared with aged rats, which cannot be 
explained by the limited number of transplanted cells 
that colocalised with ChAT immunostaining in the basal 
forebrains of these rats. These results indicated an en-
dogenous regeneration of the host cholinergic system 
in the basal forebrain in transplanted rats. Therefore, 
we next sought to assess potential bystander-like mech-
anisms mediated by the transplanted BMMSCs that 
would contribute to the endogenous regeneration of 
the host cholinergic system and lead to the observed 
beneficial effects on functional and cognitive activities. 

Cholinergic neurons in the basal forebrain depend 
for their survival and function on neurotrophic fac-
tors, such as BDNF and NGF, which are retrogradely 
transported from basal forebrain targets. Aging is 
accompanied by alterations in the neurotrophic sig-
nalling pathways, which have crucial roles in the 
cholinergic and cognitive deficits found in aging and 
AD [14, 15, 23, 50, 51, 79]. In cultured embryonic rat 
basal forebrain and cortical neurons in microfluidic 
chambers used as models of normal aging, significant 
declines in BDNF and proNGF transport have been 
observed, suggesting the susceptibility of aged fore-
brain cholinergic neurons to age-induced transport 

Figure 10. PSD95 expression as indicated by immunohistochemical staining (A, B) and Egr1 gene expression as indicated by quantitative 
reverse-transcription polymerase chain reaction (C) in the hippocampus of control, aged (d-gal), and transplanted (d-gal + BMMSCs) rats. 
***P < 0.001 vs. control rats; ##P < 0.001 and ###P < 0.001 vs. aged rats. Data are expressed as means ± standard error of mean;  
N = 10/group; BMMSCs — bone marrow-derived mesenchymal stem cells.
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malfunction [73]. BDNF-knockout mice possessed 
reduced numbers of cholinergic cells in the medial 
septum, which was associated with reduced ChAT 
activity and NGF expression in the hippocampus [27]. 
We observed decreased BDNF and NGF expressions 
in both the hippocampus and cortex in d-gal aging 
rats, which is in line with findings reported in several 
previous studies [24, 37, 44, 57]. These decreases 
were remarkably restored in BMMSC-transplanted 
rats. A substantial body of evidence suggests the 
neurotrophic and paracrine potential of stem cell 
transplantation, which is accomplished by increased 
concentrations of various neurotrophic factors such 
as BDNF, NGF, and glial cell-derived neurotrophic 
factor [7]. BDNF and NGF levels in F344 rat brains 
markedly increased after transplantation of hAMMSC 
and hADMSCs [56], and in aged mice after trans-
plantation of ADMSCs [61]. In addition, hBMMSCs 
upregulate the BDNF level, rescuing cultured rodent 
cortical neurons from degeneration by trophic factor 
absence or oxidative stress [86] and ameliorating 
spinal cord injury in vivo by increasing both BDNF 
and NGF levels [69]. Hence, the observed restoration 
of cholinergic functions is most likely due to the 
secretion of neurotrophic factors by the migrated 
cells, which were then taken up by projected axonal 
terminals and retrogradely transported into cholin-
ergic neuron bodies, preventing their loss. 

To explore the pathways involved in the observed 
improvement of cognitive deficits in BMMSCs + d-gal-
rats, we investigated factors involved in synaptic 
activity and plasticity. Reduced transcription of the 
immediate early gene Egr1 in the hippocampus has 
been related to age-related memory deficits [21, 62, 
93]. Our results showed that Egr1 expression was 
reduced in the hippocampi of aged rats when com-
pared with control rats. The restoration of competent 
spatial memory in the water maze test correlated 
with Egr1 expression in the hippocampi of aged mice 
[93]. In the present study, BMMSC transplantation 
triggered Egr1 expression in the hippocampus in 
aging rats. Cao et al. [17] reported that hUCMSCs 
stimulated the intracellular MAPK-ERK signalling and 
subsequently enhanced several effectors, including 
Egr1 and PSD95. These effectors play important roles 
in neuron morphology, synaptic plasticity, and cogni-
tive integrity in aged brain. Therefore, it is likely that 
the enhancement of Egr1 expression by BMMSCs in 
transplanted rats have contributed to the countering 
of the age-related cognitive decline.

Limitations of the study

Our study had some limitations. First, neuronal 
differentiation of the transplanted cells was limited. 
Enhancing the neuronal differentiation of the trans-
planted cells would further improve their therapeutic 
capacity; therefore, optimising strategies to further 
improve the neuronal differentiation potential of the 
transplanted cells are needed. Second, the effect of 
transplanted cells on neurogenesis was not assessed. 
Third, the transplanted BM population did not repre-
sent pure MSCs. According to phenotypic profiling, 
9.5% of the BMMSCs utilised in this study expressed 
CD34. This cell population may have contributed to 
the beneficial effects observed in this study. Finally, the 
optimisation of the cell-delivery protocol, including the 
number of transplanted cells, frequency of injections, 
and route of delivery requires further investigation.

CONCLUSIONS 
The current study demonstrated that intravenous 

transplantation of BMMSCs prevented cognitive and 
physical deficits in a d-gal aging rat model by restor-
ing cholinergic system function, protecting atrophic 
cholinergic neurons in the basal forebrain, inducing 
antioxidative effects and restoring neurotrophic fac-
tors, and modulating hippocampal synaptic plasticity 
by triggering PSD95 and Egr1 expression. Our results 
provide evidence of the usability of systemic trans-
plantation of BMMSCs as a potential therapeutic 
approach for the prevention of neurodegenerative 
changes associated with aging. However, prior to 
commencing clinical trials, further studies are needed 
to enhance the differentiation of these cells into the 
neuronal fate in vivo and to untangle the molecu-
lar mechanisms underlying the beneficial effects of 
BMMSC-secreted factors.
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Ultrastructural features on the oral cavity floor 
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Background: The present work was focused on the evaluation of morphological 
characteristics of the lingual caruncles and tongue with its papillae of Egyptian 
water buffalo (Bubalus bubalis) using gross examination, light and scanning 
electron microscopy. 
Materials and methods: The ventral surface of the sublingual caruncle carried  
a small opening of the duct of both monostomatic and mandibular salivary gland. 
The lingual mucosa of dorsal, lateral border and, to some extent, of ventral surface 
of apex had lingual papillae (filiform, fungiform), while the lingual mucosa of the 
lingual body especially at torus linguae had conical papillae, but circumvallate pa-
pillae observed at the caudal part of body and root. The dorsal surface of the apex 
and body carried numerous long, thread-like, with blunt apex, caudally directed 
filiform papillae that covered with keratinised scales without secondary papillae. 
Results: The degree of keratinisation classified filiform papillae into rostral part 
of high keratinisation and caudal of less keratinisation. Conical papillary surface 
carried exfoliated epithelium with longitudinal groove on its rostral surface and 
carried secondary papillae. Fungiform papillae were scattered among filiform 
papillae on the dorsal and ventral surface of the apex and its convex surface 
had exfoliated keratinised epithelium. Circumvallate papillae were surrounded 
by circular deep groove bordered by vallum that carried small secondary papillae 
that ended into the primary groove. Taste buds of circumvallate papillae opened 
in the lateral lining epithelium facing the groove.
Conclusions: Von Ebner’s glands were observed in computed tomography under 
papillae especially toward the groove and their ducts open into the base of the 
groove. (Folia Morphol 2022; 81, 3: 650–662)

Key words: lingual caruncles, tongue, lingual papillae, Egyptian water 
buffalo, histology, scanning electron microscope (SEM)
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INTRODUCTION
Egyptian water buffalo Bubalus bubalis (Linnaeus, 

1758) subspecies was classified under Bubalus bubalis 
species, Bubalus genus, Bovidae family, Artiodactyla 
suborder, Ruminantia order. The Egyptian water buf-
falo is the most important domestic animal and their 
number reached 2.5 million [25] in Egypt. The Egyp-
tian water buffalo feed mainly on the green grasses, 
plants, and other roughage materials with the help 
of large lips, and elongated protrusible tongue to 
collect the food materials [38, 39].

The tongue was the most important organ that 
was modified with characteristic feeding tendencies, 
behaviour, and various types of food particles that 
could be accessed; moreover, the lingual structure 
was modified to play different abilities, for example, 
feeding input, control, and ingestion of nutrition 
molecules [3]. The morphological appearance, prev-
alence, orientation, and structure of lingual papillae 
were modified in accordance with the nutritional 
requirements, the types of nutritional particles acces-
sible, and the various environmental conditions [3].  
Most previously published anatomical articles con-
cerned on the tongue and its papillae of the domestic 
animal species [12, 15, 18, 20, 28, 32, 35, 37, 49] but 
there were rare data on the Egyptian water buffalo 
(Bubalus bubalis) from Egypt.

The available data about the sublingual caruncle 
and sublingual floor of the domestic animals includ-
ing the Egyptian water buffalo (Bubalus bubalis) were 
scanty. The current work was conducted to give a full 
morphological characterisation of the tongue with 
its papillae, sublingual caruncle, and the sublingual 
floor of the Egyptian water buffalo (Bubalus bubalis) 
using the gross, scanning electron microscope (SEM), 
and histological techniques to describe the relation of 
our findings with the feeding mechanism of Egyptian 
water buffalo (Bubalus bubalis). Then, the obtained 
findings were compared with those reported in the 
formerly published articles on the ruminant and other 
domesticated animal species.

MATERIALS AND METHODS
sample’s collection 

Twelve heads from the normal adult Egyptian wa-
ter buffalo (Bubalus bubalis) of both sexes were col-
lected from the local slaughterhouse in Kafrelsheikh 
Governate, Egypt. The samples were collected directly 
after slaughtering. The present investigation was pre-
pared according to the guidelines for the using and 

caring of the laboratory animals and animal ethics and 
welfare in the Faculty of Veterinary Medicine, Alexan-
dria University and according to the Egyptian laws.

Gross morphology observations

The tongue, sublingual caruncle, and sublingual 
floor were collected from four Egyptian water buffalo 
heads of both sexes, were prepared to demonstrate 
the gross morphology of the tongue, sublingual 
caruncle, and sublingual floor. Then, the collected 
samples were fixed in 10% formalin. The gross mor-
phological images were examined and photographed 
by a digital camera (Cannon IXY 325, Japan). The 
anatomical terms followed the [46].

For histological and histochemistry studies

The tongue, sublingual caruncle, and sublin-
gual floor from four heads of Egyptian water buf-
falo (Bubalus bubalis), were used in the histological 
techniques in the fresh state according to Suvarna 
et al. [52] to examine under a light microscope. The 
collected samples (tongue, sublingual caruncle, and 
sublingual floor) were fixed in 10% normal buffer 
formalin. After 24 h, the samples were gently trans-
ferred to 70% alcohol. Then, they were dehydrat-
ed in ascending graded series of ethanol. Then, the 
samples were cleared in xylene and impregnated and 
embedded in paraffin wax. Sections of 5–7 µm were 
cut using Leica rotatory microtome (RM 2035) and 
mounted on glass slides. Paraffin sections were used 
for conventional staining (haematoxylin and eosin) 
for general histological examinations [10]. 

For histochemistry processing, the sections were 
stained with Periodic Acid-Schiff (PAS) technique 
(ab150680) to demonstrate the neutral mucin [50], 
Alcian Blue (AB) at pH of 2.5 (ab150662) for acidic 
mucin [11, 51], Van Gieson (mixture of picric acid and 
acid fuchsin) for elastic fibres in connective tissue, 
trichrome for collage fibres in the connective tissue 
[42]. The histological techniques and stains were 
adopted according to Suvarna et al. [52].

For scanning electron microscopy

Four Egyptian water buffalo (Bubalus bubalis) 
heads were used to collect the samples (tongue, 
sublingual caruncle, and sublingual floor) used in 
the SEM technique [2, 5]. The collected samples 
(tongue, sublingual caruncle, and sublingual floor) 
were fixed at 4°C in a solution of fixation formed 
from: 2% formaldehyde, 1.25% glutaraldehyde in  
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0.1 M sodium cacodylate buffer, pH 7.2. Once fixation 
occurs, the collected samples were washed in 0.1 M 
sodium cacodylate containing 5% sucrose, processed 
through tannic acid. Finally, the lingual samples were 
dehydrated by using an increasing concentration of 
ethanol (15 min each in 50, 70, 80, 90, 95, and 100% 
ethanol). The collected samples were then dried in 
carbon dioxide and attached to stubs with colloidal 
carbon and coated with gold palladium in a sputter-
ing device. In the end, the collected samples were 
examined and photographed with a JEOL SEM oper-
ating at 15 kV, at the faculty of science, Alexandria 
University, Egypt.

RESULTS 
Sublingual floor and sublingual caruncle 
Gross morphological appearance of the  
sublingual floor and sublingual caruncles 

The floor of the oral cavity had the tongue, the 
sublingual caruncles, and the musculocutaneous wall. 
The sublingual floor of the oral cavity was crescentic 
in shape and located under the tongue within the 
dental arch (Fig. 1A). It was subdivided into two parts: 

the prefrenular part rostrally and the two sublingual 
recesses caudally. The prefrenular part was located 
caudal to the central incisors and extended caudally 
to the level of frenulum linguae. This part carried two 
sublingual caruncles (Fig. 1A; SC). The ventral surface 
of the sublingual caruncle carried a small opening at 
which opened the duct of both monostoamtic sublin-
gual salivary gland and the mandibular salivary gland.

The frenulum lingua was a mucosal membrane 
fold connecting the ventral surface of the tongue 
with the floor of oral cavity. The frenulum lingua 
was wide, extensive, and single-fold, and it was 
located caudal to the level of the central incisors. 
The lateral sublingual recesses (Fig. 2A; SLR) were 
bounded laterally by the lower cheek teeth and me-
dially by the lateral lingual surface. It was extended 
from the frenulum linguae rostrally till the level of 
the pterygomandibular fold caudally. This part had 
a conical papillae of pointed apex rostrally, while its 
caudal part was smooth. These conical papillae were 
arranged in two rows; the upper row had about  
15 papillae and the lower one had about 10 papillae 
only (Fig. 1A; CP).

Figure 1. Macroscopic (A) and histological (B–E) images of the sublingual floor of the Egyptian water buffallo. Panel A to show: incisive teeth 
(NT), sublingual floor (SF), sublingual caruncles (SC), conical papillae of check (CP). Panels B–D of the sublingual caruncle to show: sligthly 
keratinised (Ke), stratified squamous epithelium (EP), epidermal peg (Pg), dermal papillae (Dp), submucosa (SO), blood vessls (BV), opening  
of minor sublingual salivary galnd (MO), opening of minor sublingual salivary galnd (GO), diffuse lymphatic tissue (black arrow), and lymph 
nodule (Ln). Panel E of lingual frenulum to show: keratinised (Ke), stratified squamous epithelium (EP), epidermal peg (Pg), dermal papillae 
(Dp), submucosa (SO), blood vessls (BV).
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Histological observations of the sublingual floor 
and sublingual caruncles

The floor of oral cavity was lined by stratified squa-
mous keratinised epithelium. Under the epithelium, 
there was a thick dense irregular connective tissue layer 
of propria-submucosa of the dermal layer. There were 
numerous epidermal pegs interdigitated with numerous 
dermal papillae (Fig. 1B). The sublingual caruncle was 
lined by stratified squamous keratinised epithelium. 
Under the epithelium, there was a thick dense irregu-
lar connective tissue layer that had two ducts, which 
opened to the ventral surface of the sublingual caruncle 
(Fig. 1C). The sublingual caruncle had two surfaces; the 
dorsal (like that of the floor) and the ventral surface that 
had aggregations of the lymphocytic nodule’s (Fig. 1D). 
The two ducts in the submucosa of the ventral: one 
duct of the mandibular and other of monostoamtic 
sublingual salivary glands (Fig. 1D; MO, GO). 

The sublingual recess consisted of stratified squa-
mous keratinized epithelium. The submucosa was 
highly vascular, highly innervated dense irregular 
connective tissue contained the sublingual salivary 
glands. These glands were mucoserous in nature that 
had positive reaction of PAS and AB stain (Fig. 2C).

The frenulum lingua was lined with stratified squa-
mous keratinised epithelium, and the submucosa 

consisted of dense irregular connective tissue that 
highly vascular and innervations. The submucosal 
layer sends dermal connective tissue papillae to invag-
inate the mucous membrane and interdigitated with 
the epidermal pegs. These connective tissue papillae 
carried secondary papillae (Fig. 1E, 2D). 

Tongue

Gross morphological characters of the tongue 

The tongue occupied the oral cavity proper in 
the sublingual floor when the upper and lower 
teeth were close to each other. It reached 36–38 cm  
in length (from the lingual root to the lingual apex) 
and 32 cm (from the palatoglossal fold to the apex). 
The free lingual part measured 9–10 cm in length 
that formed about 25% of the total lingual length. 
The lingual width was wider rostrally than cau-
dally. The tongue is divided into three parts: the 
apex, the body and the root. The rostral lingual part 
(apex) was flattened dorsoventrally with two sur-
faces (dorsal and ventral) and two borders. While 
the caudal lingual part (body and root) had only 
the dorsal surface and two lateral borders (Fig. 3A).  
The dorsal lingual surface had a large, rounded prom-
inence (torus linguae) that was located in front of its 
deep fossa (fossa linguae) (Fig. 3A, 4A; TL, FL).  

Figure 2. Macroscopic (A) and histological (B–D) images of the sublingual caruncles of the Egyptian water buffallo. Panel A to show: sub-
lingual recess (SLR), hard palate (HP). Panels B–C to show: artery (Ar), sublingual gland (SLG), submucosa (SO), stained acini (red arrow), 
unstained acini (green arrows), interlobular duct (yellow arrow), stratiated duct (yeloow arrowheads). Panel D of lingual frenulum to show: 
sligthly keratinised (Ke), stratified squamous epithelium (EP), epidermal peg (Pg), dermal papillae (Dp), submucosa (SO), blood vessls (BV).
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The mechanical papillae represented by three 
papillary types: filiform, conical and lentiform papil-
lae. The filiform papillae were the numerous papillae 
observed on the lingual mucosa that give the raspy 
appearance of the buffalo tongue. These papillae 
were distributed all over the dorsal lingual surface 
till the beginning of the torus linguae and extend-
ed to the lateral border and to some extent on the 
ventral surface (Fig. 3A). Also, these papillae were 
observed on the lateral border of the body. The 
caudally directed conical papillae were restricted 
only to the torus linguae, especially on its central 
part. These papillae were of different size; the large 
ones were observed at the centre of torus linguae 
and their size decreased at the peripheral of laterally 
directed areas (Fig. 3A–C; CP). The lentiform papil-
lae of different sizes were observed on the dorsal 
lingual surface only at the torus linguae (Fig. 3A–C; 
blue arrowheads). 

The gustatory papillae were represented by two 
papillary types: fungiform and circumvallate papil-
lae. The fungiform papillae were widely distributed 
all over the dorsum surface and lateral border of 
the tongue. There were two subtypes of fungiform 
papillae: the first subtype was the pigmented pa-

pillae and concentrated only in the rostral part of 
the apex and the lateral border of the tongue (Fig. 
3A, B; yellow arrowheads). The second subtype was 
non-pigmented and observed in the caudal part of 
the apex and torus linguae (Fig. 3C; FU). The circum-
vallate papillae were observed in the caudal lingual 
part in front of the palatoglossal fold (Fig. 4A, B; 
7A, B). These papillae were arranged in 2–3 irregular 
rows with papillae of different sizes (Fig. 4B). They 
were rounded and surrounded by groove, which in 
turn was surrounded by an elevated part named 
vallum. There were two papillae with one groove 
and vallum (Fig. 4B; green ovoid). Their number 
ranged from 18–24 on each side of the tongue. There 
was some variation from right to left ranging from  
1 to 2 papillae. The foliate papillae were absent and 
instead there were low mucosal folds in front of the 
glossopalatine fold.

The smooth lingual root was free from any papil-
lary type but contained the openings of the posterior 
lingual gland that covered the root surface with their 
secretions (Fig. 4A). The ventral lingual surface was 
attached to the sublingual floor by the lingual frenu-
lum; its mucous membrane was somewhat loosely 
attached to the underlying muscles.  

Figure 3. Macroscopic (A–C) and scanning electron microscope (D–J) images of the tongue of the Egyptian water buffallo. Panels A–C to 
show: lingual apex (LA), torus linguae (TL), fossa lingua (FL), pigmentated fungifrom papillae (yellow arrowheads), non-pigentated fungiform 
papillae (FU), conical papillae (CP), lentiform papillae (blue arrowheads). Panels D–J to show: filiform papillae (FI) with its depressed origin 
(red star) and keratinised scales (black arrow), interpapillary space had some exfoliated keratinised epithelia-like filiform papillae surface (red 
arrow), fungiform papillae (FU) surrounded by circular groove (gr) and carried taste pores on its dorsal surfae (white arrow), conical papillae 
(CP) with its central groove (CG) and keratinised scales (Sc) on its rostral surface.
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SEM characters of the tongue

The dorsal lingual surface of the apex and body car-
ried numerous long, band thread-like, with blunt apex, 
caudally directed filiform papillae (Fig. 3D). The papillary 
surface was covered with keratinised scales without sec-
ondary papillae (Fig. 3E; black arrow). The origin of the 
filiform papillae appeared as a depressed area (Fig. 3D; 
red star). The interpapillary space had some exfoliated 
keratinised epithelia-like filiform papillae surface (Fig. 
3E, F; red arrow). The filiform papillae on the ventral 
surface were less numerous, shorter than that observed 
on the dorsal surface. In addition, it carried pointed tips 
with longitudinal groove without secondary papillae.

The surface of the large, broad blunted, short 
conical papillae was rough and carried exfoliated 
epithelium (Fig. 3I; CP). The higher magnification 
showed the presence of longitudinal groove on its 
rostral surface (Fig. 3G; CG) and the interpapillary 
surface was exfoliated (Fig. 3G, H; Sc). 

The circular or rounded or dome-shaped fungi-
form papillae were scattered among the filiform pa-
pillae on the dorsum of the tongue and the ventral 
surface of the apex (Figs. 3D, 4F; FU). The convex 
surface of the fungiform papillae had exfoliated kera-
tinised epithelium and three circular openings of the 
taste pores (Fig. 3I, J; white arrows). 

The rounded circumvallate papillae were surrounded 
by circular deep groove bordered by an elevated ridge 
(vallum), as appeared in (Fig. 4C; white arrow). The val-
lum carried small secondary papillae that ended into the 
primary groove (Fig. 4C; black arrowheads). The surface 
of the circumvallate papillae was flattened and raised 
above the lingual surface and carried numerous small 
and rounded opening of taste pores (Fig. 4D).

The lingual root had numerous folds and depres-
sion. By high magnification, the root revealed irregular 
shaped opening of posterior lingual glands (Fig. 4E; 
black arrow). The edges were elevated. The surface of 
the cells of root carried numerous microridges (Fig. 4E).

Histological characters of the tongue

The lingual epithelium was followed by a vascular 
highly innervated dense irregular connective tissue. 
The lingual core consisted of striated muscular fibres 
taking different orientations (Figs. 4G, 5–7). The lin-
gual mucosa of the dorsal, lateral border and, to 
some extent, the ventral surface of the rostral part 
of the lingual apex had lingual papillae (filiform, and 
fungiform). While the lingual mucosa of body, espe-
cially at the torus linguae, had conical papillae, the 
circumvallate papillae observed at the caudal part of 
the lingual body and root.

Figure 4. Macroscopic (A, B), scanning electron microscope (C–F) and histological (G) images of the lingual root of the Egyptian water 
buffallo. Panels A, B to show: lingual root (LR), torus linguae (TL), fossa lingua (FL), circumvallate papillae (CV), two circumvallate papillae 
surrounded by one vallate (green circle). Panels C–F to show: circumvallate papillae (CV) with numerous small and rounded opening of taste 
pores (black arrow) and surrounded by circular deep (white arrow) groove that bordered by an elevated ridge named vallum (white arrow-
heads) that carried small secondary papillae that ended into the primary groove (black arrowheads); FU — fungiform papillae; Panel G to 
show: kertainised (Ke) stratified squamous (EP) with numerous epidermal peg (Pg) and dermal papillae (Dp), submucosa (SO), skeletal  
muscles (SK).
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The lingual papillae are divided into mechanical 
and gustatory papillae according to the presence of 
the taste buds. The mechanical papillae included the 

filiform, conical, and lentiform papillae, while the gus-
tatory papillae included fungiform and circumvallate 
papillae (Figs. 5–7). 

Figure 5. A–D. Histological images of the tongue of the Egyptian water buffalo to show: the longitidinal (LSM), transverse (TSM), and oblique 
(OSM) lingual muscles, nerve trunk (NT, black arrows), fat cells (FC), filiform papillae (FI), kertainised (Ke), stratified squamous (EP) with  
numerous epidermal peg (Pg) and dermal papillae (Dp), submucosa (SO).

Figure 6. A–E. Histological images of the tongue of the Egyptian water buffalo to show: the fungiform papillae (FU) with taste buds (black 
arrowheads); taste pore (TP), and connective tisssue core (CTC) with secondary papillae (yellow arrowheads) and surrounded by circular 
groove (Fg), kertainised (Ke) stratified squamous epithelium (EP), skeletal muscles (SK) and dermal papillae (Dp), submucosa (SO), lentiform 
papillae (LP),  conical papillae (CP), secondary papillae (SP).



657

F.A. Farrag et al., Tongue and sublingual floor of Egyptian water buffalo

The filiform papillae were cornified and had  
a thread-like appearance with two surfaces: caudal 
concave and rostral convex surfaces. The keratinised 
layer differentiated into two parts according to the 
degree of keratinisation: the rostral part of highly 
keratinisation and the caudal part less keratinisation 
papillae (Fig. 5B–D). The conical papillae consisted 
of highly keratinised stratified squamous epithelium 
and connective tissue core which did not reach the 
level surface of epithelium and carried secondary 
papillae (Fig. 6D).

The fungiform papillae were surrounded by  
a shallow furrow (Fig. 6A, B, E). It was covered with 
stratified squamous keratinised epithelium, and its 
basal cell layers contained pigmented granules in 
some papillae. The fungiform papillae contained 
taste buds that opened by taste pore to the dorsal 
surface (Fig. 6B, E). The connective tissue core was 
highly vascular dense irregular connective from the 
secondary papillae originated from the underlying 
lamina propria (Fig. 6A, B). 

The rounded circumvallate papillae were covered 
by stratified squamous epithelium that was kerati-
nised at its dorsal surface and less keratinised at its lat-
eral border. The taste buds were observed as a lightly 
stained small areas in the lateral lining epithelium 

facing the groove (Fig. 7C, D; yellow arrowheads, Cg) 
that opened by taste pore into the groove with taste 
hair on the taste duct (Fig. 7D–E; TP, TH). The papil-
lary core consisted of highly vascular and innervated 
dense irregular connective tissue carrying secondary 
papillae that penetrated the epithelium lining of the 
papillae. The lobules of the serous glands (von Ebner’s 
glands) were observed in the connective tissue under 
the papillae, especially toward the groove, and their 
ducts opened into the base of the groove (Fig. 7C; 
white arrowheads). 

The lingual root had seromucoid and mucous 
glands were observed between the skeletal muscular 
bundles (Fig. 8). Their ducts opened in the dorsal 
lingual surface. The seromucoid glands were more 
numerous than mucous ones (Fig. 4G and 8). 

DISCUSSION
The present study was performed to give a com-

plete description of the gross, SEM, histological, and 
histochemistry characters of the sublingual floor, with 
their caruncles, and the tongue, with its papillary sys-
tem, of the Egyptian water buffalo. Similar to some 
previously published articles [1, 4, 18, 32, 36, 54], the 
tongue of the mammalian species is subdivided into 
three parts: the apex, the body and the root. The cur-

Figure 7. Gross (A, B) and histological (C–E) images of the lingual root of the Egyptian water buffalo to show: the lingual root (LR), circumval-
late papillae (CV) with taste buds (yellow arrowheads), taste pore (TP) facing the groove (Cg) and surrounded by sustentacular cells (SC) and 
basal cells (BC), taste hair (TH), and connective tisssue core (CTC) with secondary papillae (black arrowheads), lobules of von Ebner’s glands 
(white arrowheads) with their ducts (green arrowheads). 
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rent work described that the flattened dorsoventrally 
lingual apex had two surfaces (dorsal and ventral) 
and two borders, while the caudal lingual part (body 
and root) had only the dorsal surface and two lateral 
borders. Moreover, El-Bakary and Abumandour [18] 
classified the ventral lingual surface of the apex into 
the papillary and non-papillary region by the presence 
of the projected U-shaped line of fungiform papillae. 

The current study observed that the sublingual 
caruncle was  lined with stratified squamous kerati-

nised epithelium and the ventral surface of the sublin-
gual caruncle had two ducts: one duct of mandibular 
and the other of monostoamtic sublingual salivary 
glands. These observations were similar to those re-
ported by Dyce et al. [16]. 

The ruminant’s species, similar to the herbivorous 
mammals, are characterised by the presence of the 
large, rounded prominence named the torus linguae 
that was bordered rostrally by the deep fossa (named 
the fossa linguae) on the dorsal lingual surface of the 
body, as described in the published textbooks about 
the ruminant’s species [16], in addition to the some 
published articles about the ruminant’s species as 
in Egyptian water buffalo [18, 20], cattle-yak (Bos 
taurus) [15], reeves’ muntjac deer (Muntiacus reevesi) 
[55], Alpaca (Vicugna pacos) [27]. Also, the charac-
teristic lingual prominence was described in other 
herbivorous mammalian species as in New Zealand 
white rabbits [4], Nile grass rat (Arvicanthis niloticus) 
[43]. Meanwhile, this lingual prominence was absent 
in the tongue of the carnivorous, omnivorous mon-
keys and pigs [22, 36]. Functionally, the presence of 
the lingual prominence on the dorsal surface of the 
body was correlated to the herbivorous habits of nu-
merous mammalian species due to this prominence 
play an important role in the mastication process 
with the hard palate. The presence of the deep fos-
sa lingua is a characteristic feature of the ruminant 
species [15, 18, 20].

The species-variations about the appearance, size, 
number, distribution, nomenclature, microstructure, 
and directions of the lingual papillae among dif-
ferent animal species, was related to the feeding 
habits and the available food particles [4, 15, 18–20, 
22, 27, 36, 43, 55]. The current work confirmed the 
classifications of the lingual papillae into mechanical 
and gustatory papillae. The current study observed 
the presence of five types of lingual papillae, three 
types of mechanical papillae (filiform, conical, and 
lentiform) and two types of gustatory papillae (fun-
giform and circumvallate), similar to that described 
in other ruminant’s species such as in Markhoz Goat 
(Iranian Angora) [26], cattle-yak (Bos taurus) [15] and 
chital deer (Axis axis) [23]. Meanwhile, the presence 
of four type — two mechanical (filiform and conical) 
and two gustatory (fungiform and circumvallate) 
papillae — was described in other ruminant’s species 
such as Barking deer [6], and Bactrian camel [17], 
but the four papillae described as one mechanical 
(filiform) and three gustatory (fungiform, foliate and 

Figure 8. A–C. Histological images of the lingual root of the Egyp-
tian water buffalo to show: sublingual glands (GI, black arrows), 
kertanised stratified squamous epithelium (EP), skeletal muscles (SK), 
submucosa (SO).
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circumvallate) were observed in other herbivorous 
species such as rabbit [4] and rat [43, 45]. Function-
ally, the description of the presence of the different 
five types of lingual papillae in the current examined 
Egyptian water buffalo had an important role in the 
identification and selection of the food particles in 
the Egyptian farms. 

Functionally, the fungiform papillae are classified 
into three classifications according to function, distri-
bution, and appearance. They are classified according 
to function into three types: the gustatory fungiform 
type was described in the currently examined Egyp-
tian water buffalo, similar to that reported by some 
authors [4, 18, 24] in rabbit, Egyptian water buffalo, 
and pampas deer. At the same time, the mixed fun-
giform papillae (some papillae have taste buds and 
some do not have them) were described in the horse, 
buffalo, and cattle [13, 49]. While, the mechanical 
fungiform papillae (no taste buds) were described in 
small ruminants goat [37] and the donkey [41]. The 
other classification is based on the SEM appearance of 
the fungiform papillae. The current work observed the 
presence of the circular or rounded or dome-shaped 
fungiform papillae among the filiform papillae on the 
dorsum of the tongue and the ventral surface of the 
apex, while two shapes — rectangular on the dorsal 
surface of the apex, and round on the dorsal surface 
of the body — were described in Egyptian fruit bat [5].  
Only one fungiform appearance was described in 
most mammalian species but with different shape: 
dome papillae were observed in the raccoon dog and 
fox [22], round papillae were observed in the tiger 
and in the pampas deer [21, 24], mushroom papillae 
were observed in the Saanen goat [37, 44], fungus 
papillae in mouse [29]. 

Circular or rounded or dome-shaped fungiform 
papillae observed in the present study were scattered 
among the filiform papillae on the dorsum of the 
lingual apex and body and, to some extent, on the 
lateral border and the ventral surface of the apex. 
Moreover, the presence of the round fungiform pa-
pillae was observed among the filiform papillae in 
the two lateral regions of the dorsal surface of the 
anterior and middle lingual part, in addition to the 
papillary region of the ventral surface of the lingual 
tip and the two lateral borders of the tongue [18] in 
Egyptian water buffalo (Bubalus bubalis). Generally, 
the fungiform papillae were scattered among the 
filiform papillae on the dorsal surface of the apex, 
as described in some herbivorous ruminants [6, 17, 

35, 37, 54], but in the deer [23, 24] and Mazama 
species [34], the fungiform papillae distribution were 
extended to the torus linguae. 

The current findings described the presence of the 
papillary circular groove surrounded the fungiform 
papillae, similar to that reported in some ruminant 
species [4, 6, 17, 18, 20, 37, 54], whereas this papil-
lary groove was completely absent in some ruminant 
species, as described in pampas deer [24]. 

The lenticular papillae were observed only on the 
torus linguae. The same findings were described in 
other ruminants [17, 18], whereas the complete ab-
sence of the lenticular papillae on the torus linguae 
was reported in reeves, barking deer, or mazama 
species [6, 9, 34, 55]. Functionally, the presence of 
the mechanical conical and lenticular papillae had  
a great role in holding of the food particles during 
the mastication processes within the oral cavity and 
help in the movement of masticated food particles 
toward the pharyngeal cavity [18].

The SEM observations noted that the rough large-
sized, broad blunted, short conical papillae were 
restricted only to the torus linguae, especially on its 
central part, and carried exfoliated epithelium with 
the presence of longitudinal groove on its rostral 
surface. The presence of these papillae on the torus 
linguae was reported in numerous ruminant species 
[6, 20, 24]. while some authors [18] observed the 
presence of the large conical papillae on the dorsal 
lingual surface of root just posteriorly to the torus 
linguae. However, the complete disappearance of the 
conical papillae was described in the Bactrian camel 
(Camelus bactrianus) [17]. Functionally, the presence 
of the conical papillae was joined with the fixation of 
the food particles during the mechanical mastication 
of the green grasses in all ruminant species.

The number of circumvallate papillae differ among 
mammalian species of the different feeding habits; 
one type of circumvallate papillae was described by 
Massoud and Abumandour [43] in Nile grass rat (Ar-
vicanthis niloticus), while two circumvallate papil-
lae were observed in New Zealand white rabbit [4],  
and horse [32], and three circumvallate papillae 
were described by Massoud and Abumandour [43] 
in Egyptian long-eared hedgehog (Hemiechinus au-
ritus), in koala [31], and in Egyptian fruit bat [5]. 
Moreover, four circumvallate papillae were found 
in Japanese marten and tiger [21]. Furthermore, the 
current work agrees with the previous reports on 
other ruminants species that there were numerous cir-
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cumvallate papillae such as in Egyptian water buffalo 
[18], cattle [8], reeves’ muntjac deer (Muntiacus reev-
esi) [55], goat [37, 40], lambs [54], and deer [6, 7].  
The observation of the prominent papillary groove 
surrounding the circumvallate papillae were described 
in the Egyptian water buffalo [18], gazelle [33], 
goat [35, 37], lamb [54], Alpaca [27] and cattle [14].  
The current observation reported that the dorsal sur-
face of the circumvallate papillae was rough and 
irregular, similar to that noticed by El-Bakary and 
Abumandour [18] and Emura et al. [22] in Egyptian 
water buffalo, dog, and fox; however, the smooth 
dorsal surface of the circumvallate papillae was ob-
served in fox [30]. 

The degree of keratinisation of the tongue, espe-
cially its dorsal surface, is one of the most important 
lingual adaptations regarding the different feeding 
mechanisms with available food particles; moreover, 
this keratinisation extended to the lingual papillae 
[43]. The filiform papillae had keratinised layer dif-
ferentiated into two parts according to the degree of 
keratinisation: the rostral part of high keratinisation 
and the caudal part less keratinisation papillae. Also 
the conical papillae had a highly keratinised stratified 
squamous epithelial layer. Moreover, the fungiform 
papillae had stratified squamous keratinised epithe-
lium, but the circumvallate papillae had a stratified 
squamous keratinised layer at its dorsal surface and 
less keratinized at its lateral border.

The circumvallate taste bud’s distribution had 
some variation among species. The current findings 
described the presence of  numerous taste buds  
always along the entire length of the papillary  
wall faced the papillary groove; similar description 
were reported in camel [17, 47], cattle [48, 53] and 
deer [6].

CONCLUSIONS
The ventral surface of the sublingual caruncle car-

ried a small opening of the duct of both monostoam-
tic and mandibular salivary gland. The lingual mucosa 
of the dorsal, lateral border and, to some extent, the 
ventral surface of apex had lingual papillae (filiform, 
fungiform). The dorsal surface of the apex and body 
carried numerous long, thread-like, with blunt apex, 
caudally directed filiform papillae that were covered 
with keratinised scales without secondary papillae. 
The degree of keratinisation classified filiform pa-
pillae into rostral part of highly keratinisation and 
caudal less keratinisation part. Fungiform papillae 

were scattered among filiform papillae on the dorsal 
and ventral surface of apex. Taste buds of circumval-
late papillae opened in the lateral lining epithelium 
facing the groove. Von Ebner’s glands were observed 
in computed tomography under papillae, especially 
toward the groove, and their ducts opened into the 
base of the groove. 
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Background: The present study was conducted to investigate the role of vitamin C  
versus platelet-rich plasma (PRP) against sodium fluoride (NaF)-induced cardio-
toxicity and cell death in rats’ myocardium. Previous studies suggest that NaF 
decreased cellular viability and intracellular antioxidant power. 
Materials and methods and Results: The present study revealed that NaF admin-
istration caused histological alterations in the cardiac muscle and increased the 
accumulation of intracellular reactive oxygen species, the expression of inducible 
nitric oxide synthases and proliferating cell nuclear antigen as well as collagen 
deposition in cardiac tissue. As supported by colorimetric analysis, an elevation 
in malondialdehyde level and a decrease in both superoxide dismutase (SOD) and 
thioredoxin-1 oxidoreductase (TrX) levels were seen, whereas molecular analysis 
revealed a decrease in Keap1 and an increase in Nrf2 and HO-1 gene expression. 
Pretreatment with vitamin C and PRP prior to NaF administration significantly 
improved the altered parameters and enhanced the cellular antioxidant capa-
bility of myocardium resulting in protection of cardiac muscle from NaF-induced 
cytotoxicity and apoptotic cell death. 
Conclusions: The cyto-protective activity of PRP was found to be comparable to 
that of the known antioxidant, vitamin C. (Folia Morphol 2022; 81, 3: 663–678)

Key words: sodium fluoride, vitamin C, platelet-rich plasma, Keap1,  
Nrf2, TrX-1

INTRODUCTION
Fluoride is an inorganic, mono-atomic anion des-

ignated the chemical formula F−, the salts of which 
are colourless/white, bitter tasting and are neutral 
in terms of smell. It is used in the manufacture of 
fluorocarbons. Although classified as a weak base, 
concentrated fluoride causes skin erosion [27]. Flu-
oride is mandatory for bones and teeth develop-

ment and for minimizing bone fractures. A fluoride 
concentration of 0.5–1.5 mg/L in drinking water is 
favourable, whereas exceeding intake of fluoride is 
toxic [45]. Fluoride is used in tooth decay prevention 
and oral hygiene products in the form of sodium flu-
oride (NaF) or sodium monofluorophosphate. Water 
fluoridation depends on the fluoride [29]. The United 
States Department of Agriculture has specified the 
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Dietary Reference Intakes of fluoride to be 10 mg/ 
/day, which is equal to 10 L of fluoridated water and 
0.7 to 2.2 mg/day for the younger population [11]. 
A dose of 5–10 g (equivalent to 32–64 mg/kg) of NaF 
is considered to be lethal [4, 16].

Substantial histopathological and biochemical 
changes are seen in the myocardial tissue of rats 
exposed to chronic NaF ingestion. Myocardial cell 
necrosis, excessive cytoplasmic vacuolation, karyolysis 
in myositis and degenerative changes of the myocar-
dial fibres are some of the encountered histopatho-
logical changes. In addition, an increase in oxidative 
stress markers is encountered biochemically. Such 
histopathological and biochemical changes lead to 
myocardial tissue damage [9].

Platelet-rich plasma (PRP) is a product of autol-
ogous fractionation of whole blood by means of 
centrifugation that aims to remove blood cells and 
acquire a concentrate of PRP protein [31]. The plate-
lets in PRP are activated by the addition of throm-
bin and calcium chloride, enhancing the release of 
growth factors from their alpha granules [6]. PRP 
has the ability to modify the oxidative damage seen 
in skeletal muscle injury by enhancement of myo-
cytes’ mitochondrial function and increasing their 
antioxidant defence mechanisms [28]. PRP promotes 
angiogenesis in ischaemic heart disease through cell 
signalling. Although the role of PRP to restore a func-
tional myocardium, either by resettling exogenous or 
by activating native stem cells, to induce endogenous 
repair has been recorded in ischaemic heart disease 
[44], its role in prevention of NaF-induced myocardial 
damage has not entered broad clinical practice yet.

Vitamin C (ascorbic acid) is a down regulator of ox-
idative stress and inflammation of the cardiac muscle 
[12]. Vitamin C causes enhancement of antioxidant 
capacity, induction of CRYAB and Hsp70 expression, 
reversal of elevated cardiac enzymes and modification 
of the histopathological findings in myocardium [50].

Nuclear factor erythroid 2-related factor 2 (Nrf2), 
also known as nuclear factor erythroid-derived 2-like 2, 
is a transcription factor encoded by the NFE2L2 gene in 
humans [30]. Nrf2 is a basic leucine zipper (bZIP) protein 
that balances the expression of antioxidant proteins, 
which in turn combat the oxidative stress caused by in-
jury and inflammation [15].The vasculature has multiple 
protective means against oxidation and inflammation, 
many of them being regulated by the Nrf2 transcription 
factor. Haem oxygenase-1 (HO-1) is a Nrf2-regulated 
gene that protects against vascular inflammation; it is 

the inducible isoform of HO. Production of biliverdin, 
carbon monoxide, and release of ferrous iron occur as 
a result of an oxidative cleavage of the haem groups 
achieved by HO-1. It has an antioxidant, anti-inflam-
matory, anti-apoptotic, anti-proliferative, and immu-
nomodulatory functions in vascular cells [3].

Nrf2 and thioredoxin-1 oxidoreductase (TrX-1) play 
a significant role in cardiovascular diseases preven-
tion [22]. In cardiomyocytes, TrX-1 induces electron 
transport chain and the citric acid cycle via PGC-1 
alpha and Nrf2 [1], whereas Nrf2 promotes expres-
sion of TrX-1 [22]. The Nrf2-induced HO-1 is another 
feed-forward loop to the TrX-1/Nrf2/TrX-1 axis that 
alleviates cardiomyocyte apoptosis [39]. Kelch-like 
ECH-associated protein 1 (Keap1) is the main intracel-
lular regulator of Nrf2. Under basal conditions, Nrf2 
is sequestered by cytoplasmic Keap1 and targeted 
to proteasomal de-gradation [47]. During oxidative 
stress, the Nrf2-Keap1 interaction is dose-dependent 
[21]. Free and newly synthesized Nrf2 translocated to 
the nucleus, influence the expression of many genes 
coding proteins that serve as antioxidizing agents, 
detoxifying enzymes, stress response proteins and 
metabolic enzymes [13].

Malondialdehyde (MDA) is a highly reactive com-
pound that occurs as an enol. It is naturally occurring 
and is a marker for oxidative stress [33].

Nitric oxide synthases (NOS) are a group of en-
zymes responsible for catalysing the production of 
nitric oxide (NO) from L-arginine [10]. Through uti-
lisation of NADPH and O2, NO is produced by three 
different enzymes belonging to the family of NOS: 
nNOS/NOS1 (neuronal), iNOS/NOS2 (inducible), and 
eNOS/NOS3 (endothelial). The activities of nNOS and 
eNOS demand Ca2+ for activation and produce NO 
at nanomolar levels for a short time. On the contra-
ry, iNOS are induced by multiple stressors, without  
a need for Ca2+ for activation, and can generate NO 
at micromolar levels for much longer periods. iNOS, 
play a role in immune response by binding calmodulin 
and producing NO as an immune defence mechanism, 
since NO is a free radical with an unpaired electron 
[20]. We herein evaluate the oxidative stress seen in 
cardiac muscles of NaF-induced male rats and the role 
of vitamin C and PRP in its prevention.

Proliferating cell nuclear antigen (PCNA), also 
called ‘cyclin’, is a 36 KDa nuclear protein which 
functions as a secondary protein for DNA polymerase 
delta. PCNA is involved in DNA synthesis and cellular 
proliferation. PCNA expression lowers during mito-
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sis and is difficult to detect immunohistochemically, 
but it peaks at the G1/S of interphase for which it 
is considered to be a histological marker. PCNA ex-
pression is also a marker for mitotic activity [46]. The 
involvement of PCNA in DNA synthesis and cellular 
proliferation is attributed to its nature as a cell cycle 
regulatory protein marker. Chromosome recombina-
tion, DNA methylation, nucleic acid metabolism and 
RNA transcription are other cellular processes with 
which PCNA is associated [52]. The present study 
investigates the PCNA expression in cardiac muscles 
of NaF-induced male rats.

In this study, we evaluate the impact of NaF oral 
consumption on oxidative stress markers, Keap1, Nrf2 
and HO-1 gene expression and histological modifi-
cations in rats’ myocardium. The prophylactic roles 
of oral vitamin C and parenteral PRP administration 
are compared when given as pretreatment prior to 
NaF administration.

MATERIALS AND METHODS
animals

Thirty-six adult (2-months-old) male albino Wistar 
rats weighing approximately 250 g were purchased 
from and housed at the animal house at the Facul-
ty of Medicine, Cairo University. The animals were  
accommodated 6 in a cage, at a constant room tem-
perature of 22 ± 1°C under a 12 h light:12 h dark 
cycle. Food and water were supplied ad libitum. All 
procedures were in accordance with the principles 
of the Ethics Committee, Faculty of Medicine, Cairo 
University.

Ethical approval 

All protocols for animal experiments were ap-
proved by the institutional animal Ethical Committee, 
Cairo University, Egypt.

Experimental design

The rats were equally divided (n = 6) into six 
groups where control group (I) received water ad 
libitum, vitamin C sham control group (II) received 
100 mg/kg body weight (bw)/day of vitamin C, PRP 
sham control group (III) received 0.5 mL of PRP, Na 
fluoride group (IV) received NaF at a dose of 25 mg/ 
/kg bw/day (which was 1/10 of the oral LD50 values 
in rats) as recommended by Chinoy [8], Na fluoride +  
+ vitamin C group (V) pre administered with vitamin C 
daily (100 mg/kg bw/day) 90 min before the adminis-
tration of Na fluoride at a dose similar to group IV and 

Na fluoride + PRP group (VI) pre administered with 
0.5 mL of PRP daily 90 min before the administration 
of Na fluoride at a dose similar to group IV and V. 
Na fluoride and vitamin C were administered orally 
via gastric intubation using an intravenous cannula, 
whereas PRP was injected intraperitoneally. For all 
groups, the duration of the experiment was 4 weeks.

On the 30th day, blood samples were collected 
from all rats by means of retro-orbital sampling under 
general anaesthesia by use of sodium pentobarbital 
(40 mg/kg, i.p.). Then the rats were sacrificed by 
decapitation. The hearts were removed and tissue 
samples were taken from the heart of each rat for 
biochemical and histological assessment. For bio-
chemical analyses, the tissue samples were labelled in 
glass bottles and frozen at –80oC to be studied later.

Chemicals

Vitamin C tablets were purchased from Sigma 
Chemical Co. (St. Louis, MO). Each tablet (100 mg) of 
vitamin C was crushed and dissolved in 2 mL of distilled 
water to acquire a 50 mg/mL suspension and was 
prepared just prior to administration of Na fluoride 
was purchased from Sigma Chemical Co. (St. Louis, 
MO) in powder form and dissolved in normal saline.

Preparation of PRP was done by enrichment of 
whole blood platelets using a 2-step centrifugation 
technique. A 10 mL volume of whole blood was ob-
tained from 6 randomly-picked rats into pre-chilled 
tubes containing anticoagulant citrate dextrose solu-
tion A (ACD-A) at a blood/ACD-A ratio of 9:1. Cen-
trifugation of the blood samples followed, at 400 g 
for 10 min to obtain the three typical layers: red blood 
cells at the bottom, a ‘buffy coat’ layer in the middle 
and acellular plasma in the supernatant. Using a sterile 
pipette, the upper layer and buffy coat were transferred 
to another neutral tube and re-centrifuged at 800 g 
for 10 min. Approximately, 1 mL of PRP was collected 
from the bottom of the tube (for a total of 6 mL of PRP 
solution from 6 rats). The total platelet count in each 
sample of PRP was determined under a phase contrast 
microscope. Concentrations of the platelets in the two 
groups receiving PRPs were 692.458 ± 60.287/µL and 
0.5 mL of PRP was then administered intraperitoneally.

Biochemical analysis 

Homogenation of tissue samples was achieved 
by washing the heart samples with distilled water to 
wash out the remaining blood. A 10% homogenate 
(1000 U) from each sample was obtained at 5-min 
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intervals in a homogenator (IKA Labor Technic Ul-
tra-Turrax T 25 model) with 150 mM cold KCI. The ho-
mogenates were then centrifuged at 6000 xgat +4°C 
for 10 min for supernatants to be obtained. Protein 
concentrations of supernatant were determined by 
real time quantitative polymerase chain reaction (PCR).

Real time quantitative PCR of studied genes

Total RNA was extracted from heart tissue ho-
mogenate with RNA easy Min Kit (Thermoscientific, 
Lithuania). The quantity and quality were assessed by 
Beckman dual spectrophotometer (USA). SensiFAST™ 
SYBR® Hi-ROX One-Step Kit, catalogue no. PI-50217 V  
had been formulated for highly reproducible first- 
-strand cDNA synthesis and subsequent real-time PCR 
in a single tube in a 48-well plate using the step one 
instrument (Applied Biosystem, USA). Normalisation 
for variation in the expression of each target gene was 
performed referring to the mean critical threshold 
values of glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) housekeeping gene expression by the ΔΔCt 
method. Primers base sequences of the studied genes 
are listed in (Table 1).

Assessment of TrX-1 by ELISA

The amount of TrX-1 was measured using Rat 
(TrX) ELISA kit, catalogue #SRB-T-81639, Shanghai. 
The spectrophotometric absorbance was assessed 
at 450 nm in accordance with the manufacturer’s 
instructions. The results were expressed as nmol per 
mg protein.

assessment of Mda and sod by colorimetry

The amount of MDA and activity of superoxide 
dismutase (SOD) were measured using colorimetry 
kit, Biodiagnostic, catalogue #MD 2529, SD 2521 
respectively in accordance with the manufacturer’s 
instructions. The results were expressed as nmol per g  
protein and U per mg protein.

Processing of specimens and stains for light 
microscopy

Tissue samples from left ventricle were fixed in buff-
ered neutral formalin, processed through graded alco-
hols and xylene and embedded in paraffin blocks. Tissue 
sections of 4–6 µm were made at multiple levels. Sec-
tions were stained with haematoxylin and eosin (H&E).

For Masson’s trichrome stain, the samples were 
first deparaffinised and rehydrated, washed in dis-
tilled water then fixed and rinsed. Staining in Wei-
gert’s iron haematoxylin and Biebrichscarlet-acid 
fuchsin solution was done for 10 min for each stain 
with intervening rinsing. Differentiation in phospho-
molybdic-phosphotungstic acid solution, staining 
with aniline blue solution, washing and dehydration 
were done before finally mounting with resinous 
mounting medium.

Immunohistochemistry for iNOS was performed 
on biopsies of deparaffinised rat cardiac tissue. 
Heat-induced antigen retrieval was performed using 
10 mM sodium citrate (pH 6.0) buffer and microwaved 
for 8–15 min for exposure of target proteins. After-
wards, tissues were blocked in 3% BSA-PBS for 30 min 
at room temperature. Tissues were then probed at  
a dilution of 1:200 with a rabbit polyclonal antibody 
recognizing iNOS (ab3523, ABCAM, USA) or without 
primary antibody (negative control) overnight at 4°C 
in a humidified chamber. Tissues were washed thor-
oughly with PBST and endogenous peroxidase activity 
was stopped by the addition of a peroxidase suppres-
sor. Detection was performed using a biotin-conju-
gated secondary antibody and SA-HRP, followed by 
colorimetric detection using 3,30-diaminobenzidine 
(DAB). Tissues were counterstained with haematoxylin 
and prepped for mounting.

Immnunohistochemistry of PCNA entailed depa-
raffinisation and heating of paraffin-embedded heart 
sections in 0.01 M sodium citrate buffer (pH 6.0) for 
15 min followed by overnight incubation with rabbit 

Table 1. Details about the base sequences of the primers used

Gene Name Direction and primer sequence (5’–3’)

Keap1 Kelch-like ECH-associated protein 1 Forward: 5’-TTCGCCTACACGGCCTC-3’
Reverse: 5’-GAAGTTGGCGATGCCGATG-3’

Nrf2 Nuclear factor E2-related factor 2 Forward: 5’-TCTGACTCCGGCATTTCACT-3’
Reverse: 5’-GGCACTGTCTAGCTCTTCCA-3’

HO-1 Haem oxygenase 1 Forward: 5’-CGTGCAGAGAATTCTGAGTTC-3’
Reverse: 5’- AGACGCTTTACGTAGTGCTG-3’

GAPDH (internal control) Glyceraldehyde 3-phosphate dehydrogenase Forward: 5’-CACCCTGTTGCTGTAGCCATATTC-3’
Reverse: 5’GACATCAAGAAGGTGGTGAAGCAG-3’
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anti-PCNA antibodies (EPR382, ABCAM, USA) at 4oC. 
DAB was used as the chromogenic substrate and 
the sections were assessed by light microscopy. The 
characteristics and morphology of myocardial fibres 
for all previously mentioned stains were observed 
under a 400× magnification using a Leica DM 750 
light field microscope and a Leica ICC50 HD camera.

statistical analysis

Data were coded and entered using the Graph-
Pad Prism version 7. Data was summarised using 
mean and standard deviation. Comparisons between 
groups were done using one way analysis of vari-
ance (ANOVA) with Tukey’s multiple comparisons 
test when comparing more one variable in more 
than two groups.

RESULTS
Histological results

Haematoxylin and eosin-stained sections of the 
control and sham control groups showed normal 
histological architecture of heart cardiac muscle. The 
cardiac fibres exhibited cross-striations, branching 
and one or two central vesicular, open faced nuclei 

with surrounding perinuclear sarcoplasm. The termi-
nal ends of adjacent cardiac muscle fibres revealed 
characteristic and dense-staining, end-to-end junc-
tional complexes called intercalated disks (Fig. 1).

In the heart tissues of the Na fluoride group (IV), 
vascular dilatation and congestion were detected 
along with Zenker’s degeneration of the myocardium. 
Loss of cross striations, fragmentation and separation 
of the fibres were also seen (Fig. 2). In the heart tis-
sues of groups V and VI, an apparent restoration of 
the normal architecture was featured in addition to 
mild hyperaemia at the myocardial interstitial inter-
vals and in the capillaries (Fig. 3).

In Masson’s trichrome-stained sections, the myo-
cardial fibres were found to show a minimal positive 
reaction in groups I, II, III, V and VI, whereas a strong 
positive reaction was observed in group IV (Figs. 4, 5). 

The immunohistochemical expressions of iNOS 
and PCNA in the cardiac tissue are shown in Figures 6 
and 7, respectively. A weak expression was presented 
in the cardiac muscle of the control groups. However, 
iNOS and PCNA were significantly positively expressed 
in cardiac muscle, which presented as dark brown 
granules, in the NaF group. The apparent reduction 

Figure 1. Haematoxylin and eosin (H&E)-stained sections of control (A), vitamin C sham control (B) and platelet-rich plasma (PRP) sham con-
trol (C) adult rat cardiac muscle exhibiting distinct cross-striations (arrows). Cardiac muscle fibres exhibit branching (circle) and one or two 
central vesicular nuclei (N) with perinuclear sarcoplasm (arrow heads). The terminal ends of adjacent cardiac muscle fibres reveal character-
istic intercalated disks (tailed arrow). Narrow intercellular spaces with blood capillaries are seen (zigzag arrow). H&E ×400.

A B

C
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Figure 2. A–F. Haematoxylin and eosin (H&E)-stained sections of sodium fluoride (NaF)-treated adult rat cardiac muscle, showing Zenker’s 
degeneration with widely separated myocardial fibres (double arrow), loss of cross-striations and fragmentation (F). Some myocardial fibres 
exhibit a wavy orientation (W). Areas of normal histological architecture in panel D alternate with areas of loss of architecture in panel B.  
Dilated and congested arteriole (A) and venule (V) are seen. Pyknotic nuclei (P) and ghost cells (G) are noticeable along with areas of  
inflammatory cellular infiltration (arrows). H&E ×400.

Figure 3. Haematoxylin and eosin (H&E)-stained sections of panel A and B. Sodium fluoride (NaF) + vitamin C-treated; C. NaF + platelet-rich plas-
ma-treated adult rat cardiac muscle exhibiting normalisation of histological architecture. Distinct cross-striations (arrows) are seen. Cardiac muscle 
fibres show branching (circle) and central vesicular nuclei (N) with persistence of some nuclear pyknosis (P). The terminal ends of adjacent cardiac 
muscle fibres show intercalated disks (tailed arrow). Intercellular spaces with blood capillaries are also seen (zigzag arrow). H&E ×400.

A B C

D E F

A B

C
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Figure 4. Masson’s trichrome (MT)-stained panels of control (A), vitamin C sham control (B) and platelet-rich plasma sham control (C) adult 
rat cardiac muscle exhibiting positive reaction (arrows). Blue colour indicates positivity. MT ×400. 

Figure 5. Masson’s trichrome (MT)-stained sections of sodium fluoride (NaF)-treated adult rat cardiac muscle exhibiting a strong positive re-
action (arrows) (A), NaF + vitamin C-treated (B) and NaF + platelet-rich plasma-treated adult rat cardiac muscle exhibiting positive reaction 
(arrows) (C). Blue colour indicates positivity. MT ×400. 

BA

C

C

BA
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Figure 6. Inducible nitric oxide synthases (iNOS) immunohistochemistry of adult rat cardiac muscle in control (A), vitamin C sham control (B) 
and platelet-rich plasma (PRP) sham control exhibiting minimal iNOS-immunopositivity (C). D. Apparent increase in iNOS-immunopositivity in 
sodium fluoride (NaF)-treated rat myocardium. Minimal iNOS expression in panel E. NaF + vitamin C-treated and NaF + PRP-treated rats (F). 
Brown colour indicates positivity. iNOS immunohistochemistry, haematoxylin counterstain ×400. 

Figure 7. Proliferating cell nuclear antigen (PCNA) immunohistochemistry of adult rat cardiac muscle in control (A), vitamin C sham control (B) 
and platelet-rich plasma (PRP) sham control exhibiting minimal PCNA-immunopositivity (C). D. Apparent increase in PCNA-immunopositivity 
in sodium fluoride (NaF)-treated rat myocardium. Minimal PCNA expression in panel E. NaF + vitamin C-treated and moderate expression in 
panel F. NaF + PRP group. Brown colour indicates positivity. PCNA immunohistochemistry, ×400. 

BA C

ED F

BA C

ED F
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also significantly higher (p < 0.05) than the control 
group and lower (p < 0.05) in the vitamin C and PRP 
groups than the NaF group (Tables 2, 3). 

Biochemical and molecular results

Oxidative markers

MDA level in nmol/g tissue. A statistically signif-
icant difference was seen in MDA level between the 
different study groups (p < 0.0001). MDA level in 
the NaF-treated group (14 ± 0.46) was significantly 
increased compared to the control group (1.3 ±  
± 0.13; p < 0.0001). In the vitamin C and PRP-treated 
groups, significant reductions in MDA level (4.1 ±  
± 0.52 and 8.1 ± 0.28 with p < 0.0001 and  
p = 0.0003, respectively) were observed when com-
pared to the NaF-treated group. In addition, there 
was a statistically significant decrease in MDA lev-
el in the vitamin C group compared to PRP group  
(p = 0.0017) (Fig. 8A).

SOD level in U/g tissue. A statistically significant 
difference was seen in SOD level between the differ-
ent study groups (p = 0.03). SOD level in NaF-treated 
group (2.9 ± 0.05) was significantly decreased com-
pared to the control group (4.0 ± 0.37; p = 0.033).  
In the vitamin C and PRP-treated groups, a non-sig-
nificant increase in SOD level (3.8 ± 0.16 and 3.3 ±  
± 0.27 with p = 0.067 and p = 0.37, respectively) 
were observed when compared with the NaF-treated 
group. In addition, there was no statistically signif-
icant difference in SOD level in the vitamin C group 
when compared with PRP group (p = 0.37) (Fig. 8B).

TrX-1 level in ng/g tissue. There was no statisti-
cally significant difference in TrX-1 level among the 
different study groups (p = 0.23). Its level in the 
control group was 21 ± 0.7 compared to 15 ± 0.56 
in NaF-treated group. TrX-1 level in the vitamin C 
and PRP-treated groups was 23 ± 3.3 and 30 ± 11, 
respectively (Fig. 8C). 

Table 2. Multiple comparisons of p values for Masson’s trichro-
me, inducible nitric oxide synthases (iNOS) and proliferating 
cell nuclear antigen (PCNA) expression between the different 
experimental groups

Group P 

Masson’s trichrome
Control vs. sham control 
NaF-treated
Vitamin C
PRP-treated
NaF vs. sham control
Vitamin C
PRP-treated
PRP vs. sham control
Vitamin C
Vitamin C vs. sham control

1.000
0.000
0.002
0.031
0.000
0.000
0.022
0.029
1.000
0.000

iNOS
Control vs. sham control 
NaF-treated
Vitamin C
PRP-treated
NaF vs. sham control
Vitamin C
PRP-treated
PRP vs. sham control
Vitamin C
Vitamin C vs. sham control

1.000
0.000
0.000
0.019
0.000
0.000
0.000
0.029
1.000
0.000

PCNA
Control vs. sham control 
NaF-treated
Vitamin C
PRP-treated
NaF vs. sham control
Vitamin C
PRP-treated
PRP vs. sham control
Vitamin C
Vitamin C vs. sham control

1.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
1.000
0.000

P < 0.05 is considered significant. NaF — sodium fluoride; PRP — platelet-rich plasma

Table 3. Mean ± standard deviation for Masson’s trichrome, inducible nitric oxide synthases (iNOS) and proliferating cell nuclear an-
tigen (PCNA) expression between the different experimental groups

Groups Masson’s trichrome iNOS PCNA

Control 1.183 ± 0.123 1.851 ± 0.064 70 ± 0.44

Sham control 1.191 ± 0.91 1.924 ± 1.09 76 ± 0.53

NaF-treated 16.371 ± 1.171+ 19.176 ± 3.327+ 874 ± 1.09+

Vitamin C-treated 1.505 ± 0.423+* 8.924 ± 0.486+* 132 ± 0.411+*

PRP-treated 6.682 ± 1.401+* 12.326 ± 0.98+* 352 ± 0.82+*

Data are shown as mean ± standard deviation; +p < 0.05, significant difference compared to that of the control group; *p < 0.05, significant difference compared to that of the NaF-tre-
ated group; NaF — sodium fluoride; PRP — platelet-rich plasma

in PCNA immunopositivity in group VI was not as 
marked as that of group V.

The relative densities of Masson’s trichrome, iNOS 
and PCNA in the myocardium of the NaF group was 
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Gene expression

Keap1

A statistically significant difference was seen in 
Keap1 gene expression among the different study 
groups (p = 0.01). Keap1 gene expression in NaF-treat-
ed group (4.5 ± 0.99) was significantly increased 
compared to control group (1 ± 0.007; p = 0.0008).  
In the vitamin C and PRP-treated groups, significant 
reductions in Keap1 gene expression (1.9 ± 0.16 and 
2.2 ± 0.28 with p < 0.025 and 0.03, respectively) were 
observed when compared to the NaF-treated group. 
In addition, there was no a statistically significant 
difference in Keap1 gene expression in the vitamin C 
group compared to PRP group (p = 0.93) (Fig. 8D).

Nrf2

A statistically significant difference was seen in Nrf2 
gene expression among the different study groups  
(p = 0.032). Nrf2 gene expression in NaF-treated 
group (0.35 ± 0.03) was significantly decreased com-
pared to the control group (1 ± 0.014; p = 0.026). 
In the vitamin C and PRP-treated groups, there was 

no a statistically significant difference between the 
PRP (7.7 ± 0.11) and vitamin C (0.8 ± 0.11) pre-
treated groups compared with NaF-treated group  
(p = 0.1 and p = 0.08, respectively). In addition, there 
was non-significant difference in Keap1 gene expres-
sion in the vitamin C group compared to PRP group  
(p = 0.99) (Fig. 8E).

HO-1

A statistically significant difference was seen in 
HO-1 gene expression among the different study 
groups (p < 0.0001). HO-1 gene expression in 
NaF-treated group (0.26 ± 0.03) was significantly 
decreased compared to the control group (1 ± 0.02)  
(p < 0.0001). In the vitamin C and PRP-treated 
groups, significant difference in HO-1 gene expression  
(0.68 ± 0.02 and 0.61 ± 0.03 with p = 0.001 and  
p = 0.0005, respectively) were observed when com-
pared to the control group. A statistically significant 
increase in HO-1 gene expression in PRP and vitamin C 
groups was seen when compared to NaF treated group 
(p = 0.0005 and p = 0.001, respectively) (Fig. 8F).

Figure 8. A–F. Different levels of biochemical and molecular markers. Data were expressed as mean ± standard deviation, p value < 0.05 
was significant; *significant difference vs. control group; #significant difference vs. sodium fluoride (NaF)-treated group; $significant differ-
ence vs. platelet-rich plasma (PRP)-treated group; MDA — malondialdehyde; SOD — superoxide dismutase; TrX-1 — thioredoxin-1 oxidore-
ductase; Vit. — vitamin; GAPDH — glyceraldehyde 3-phosphate dehydrogenase.
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Statistical results

Statistical results for Masson’s trichrome optical 
density and iNOS and PCNA immunohistochemical 
expression are shown in Table 2 and Table 3. Mas-
son’s trichrome’s optical density of the NaF-intoxi-
cated group (16.371 ± 1.171) significantly increased 
compared to the control (1.183 ± 0.123) and the 
sham control (1.191 ± 0.91) groups. The groups 
that were pretreated with vitamin C and PRP prior 
to NaF intoxication showed a significant reduction in 
optical density (1.505 ± 0.423 and 6.682 ± 1.401, 
respectively) when compared to the NaF group. Pre-
treatment with vitamin C (8.924 ± 0.486) and PRP  
(12.326 ± 0.98) significantly lowered the immunoex-
pression of iNOS when compared to the NaF group 
(19.176 ± 3.327), while the expression of the latter 
was significantly increased in comparison to the con-
trol (1.851 ± 0.064) and sham control (1.924 ± 1.09)  
groups. Intoxication with NaF caused a significant 
increase in PCNA immunoexpression (874 ± 1.09) 
when compared to the control (70 ± 0.44) and sham 
control (76 ± 0.53) groups. Vitamin C (132 ± 0.411) 
and PRP (352 ± 0.82) PCNA expression were de-
creased when compared to the NaF group. A statis-
tically significant difference between the vitamin C 
and PRP-pretreated groups and the control groups 
was seen in all measured parameters.

DISCUSSION
Sodium fluoride toxicity continues to be a major 

health problem worldwide. In the current study, myo-
cardial damage was induced in rats by oral ingestion 
of NaF. The purpose of our study was to evaluate the 
potential cardio protective role of vitamin C and PRP 
in NaF-induced cardiac toxicity in rat model. This 
was performed with reference to biochemical, mo-
lecular, immunohistochemical and histopathological 
changes.

Zhao et al. [52] suggested that DNA replication 
is an indicator of cellular proliferation. The authors 
also stated that DNA replication is lowered, because 
of the synthesis of PCNA, in inactive cells but varies 
according to the phase of the cell cycle, making PCNA 
expression a marker of cellular proliferation. In the 
present study, PCNA expression in the cardiac muscle 
was assayed by immunohistochemistry. In agreement 
with our results, Zhao et al. [52] observed a weak 
PCNA expression in the control group, and a signifi-
cant positive PCNA expression in the fluoride-adminis-
tered group of adult male rats’ testes. They concluded 

that spermatogenesis dysfunction and damage of 
tissue ultrastructure was caused by fluoride-induced 
apoptosis to which the positive PCNA expression was 
related, since according to the authors, apoptosis 
is associated with proliferation. Although previous 
studies have pointed out a reduction in cellular prolif-
eration in response to fluoride exposure, the authors 
mentioned that cell proliferation could be maintained 
through the overexpression of PCNA as a response to 
fluoride-induced cellular apoptosis.

Shenoy et al. [42] assessed the effect of NaF ad-
ministration at different concentrations on myoblast 
proliferation. In contrast our study where NaF was 
administered at a dose of 25 mg/kg, the author con-
cluded that at a low concentration of 1.5 ppm (1 ppm 
being equivalent to 1 mg/kg), NaF administration 
resulted in myoblast proliferation and myotubular 
hypertrophy via an IGF-1/AKT pathway activation, 
whereas at a higher concentration of 5 ppm, NaF 
caused myotubular atrophy via an ubiquitin-prote-
osome pathway. Enhancement of skeletal muscle 
catabolism, production of reactive oxygen species 
(ROS) and inflammatory cytokines were also reported 
by the authors when higher concentrations of NaF 
were administered. As regards apoptosis, the authors 
recorded that via PI3K/Akt signalling, NaF was capable 
of induction of apoptosis and reduction in cell viability 
when administered in a dose higher than 40 ppm.

Luo et al. [26] investigated the underlying mo-
lecular mechanism of NaF-induced cytotoxicity and 
cell-cycle alterations in renal cells. In contrast to the 
present study, the authors reported that at more than 
12 mg/kg body weight, a NaF-induced G2/M phase 
cell-cycle arrest was seen, leading to a significant in-
crease in cell percentage present in the G2/M phase. 
According to the authors, the cycle arrest occurred 
by activating the ATM-Chk2-p53/Cdc25C signalling 
pathway which inhibited cellular proliferation and 
was associated with down regulation of PCNA mRNA 
expression.

In the present study, an increase in collagen fibres 
deposition was seen in the NaF group, as assayed by 
Masson’s trichrome staining and image analysis. Chen 
et al. [7] investigated the role of tumour necrosis fac-
tor-like weak inducer of apoptosis (TWEAK)/fibroblast 
growth factor-inducible molecule 14 (Fn14) axis in 
myocardial fibrosis. The authors observed that stim-
ulation of rat cardiac fibroblasts (CFs) with TWEAK 
increased CFs numbers and collagen synthesis via ac-
tivation of the nuclear factor-kappaB (NF-κB) pathway 
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and a subsequent production of metalloproteinase-9 
(MMP-9). The authors emphasized the importance of 
the TWEAK/Fn14 axis in control of myocardial fibrosis.

In contrast to the NaF-induced collagen deposition 
seen in the current study, Gupta et al. [17] detect-
ed that fluoride disturbs collagen synthesis caus-
ing the cells responsible for its synthesis to produce 
larger amounts of under-hydroxylated, inadequately 
cross-linked and rapidly catabolised collagen and/or 
non-collagenous proteins as a compensation. The net 
result is a decrease in the collagen content of tissues.

In the present study a statistically significant in-
crease in NaF-induced iNOs expression was observed. 
In line with the observations of this study, Oyagbemi 
et al. [35] reported an increase in oxidative stress 
markers in cardiac tissue, in response to NaF admin-
istration. The latter authors recorded abnormalities 
in the histological architecture of the heart tissue and 
an increase in NF-κB expression as assayed by immu-
nohistochemistry. The authors indicated that NaF-in-
duced alterations were achieved through generation 
of reactive oxygen species and activation of cardiac 
NF-κB expression, oxidative stress being an activator 
of NF-κB. The authors mentioned that activation of 
NF-κB results in its release from cytosolic inhibitors 
and its translocation to the nucleus and consequently 
to the expression of NF-κB-target genes causing tissue 
inflammation and damage.

The mechanism of NaF-induced oxidative stress 
was explained by Gupta et al. [18]. The authors re-
ported that fluoride causes a respiratory burst and ox-
ygen free radicals production. The authors stated that 
hydroxyl radicals and superoxide radicals prevail at 
low and high concentrations of fluoride. The authors 
attributed the fluoride-induced oxidative stress to its 
ability to cause mitochondrial swelling and disruption 
and alteration of enzymes of cellular respiration. The 
net result is a decrease in adenosine triphosphate 
concentration, which in turn induces production of 
hydrogen peroxide and reactive oxygen species.

The current investigation revealed an increase in 
NaF-induced iNOs expression. He et al. [20] exam-
ined the possible effect of fluoride exposure on the 
expression of nitric oxide (NO) and iNOS on cultured 
chondrocytes. The authors stated that production of 
NO can be under control of iNOS and that both low 
and high levels of F– significantly increased the activity 
of iNOS and consequently the level of NO leading to 
oxidative tissue damage.

Ngoc et al. [34] investigated the manner of NaF-in-
duced cell death and the mechanisms involved, where 
they found that it occurs mainly by apoptosis rather 
than necrosis. The authors reported that adminis-
tration of more than 1 mMNaF leads to apoptosis 
through hydroxyl radical-dependent and caspase- and 
JNK mediated pathways. According to the authors, 
GADD45α plays a crucial role in the induction of ap-
optosis, in which its transcription and function are 
controlled either by JNK1 or JNK2. NaF administration 
stimulated the induction of GADD45α, whereas a JNK 
specific inhibitor inhibited such effect. The authors 
also reported that ROS are normally produced at low 
concentrations in a constant manner in living organ-
isms, serving the function of immune cells. However, 
over-expression or decreased removal of intracellular 
ROS induces oxidative damage to cells and tissues. 
The authors mentioned that through an elevation of 
oxidative stress-mediated lipid peroxidation and sub-
sequent mitochondrial stress, that fluoride induces 
apoptosis. They suggested that ROS are mediators of 
NaF-mediated apoptosis, where mitochondrial stress 
is at least in part involved. The authors concluded that 
the mitochondrial- and caspase-mediated signalling 
accompanied by intracellular ROS accumulation is 
involved in NaF-induced apoptosis. The authors also 
concluded that JNK-GADD45α- and p53-mediated sig-
nalling is critical for NaF-mediated apoptosis, where 
ROS act as the most crucial upstream mediator.

In agreement with the histological results of the 
current work, Oyagbemi et al. [35] reported an in-
filtration of the myocardial interstistium by inflam-
matory cells in response to NaF treatment. Yildirim 
et al. [49] investigated the effect of NaF on cardiac 
histopathology. The investigation revealed hyperae-
mia of interstitial vessels, hyaline degeneration and 
Zenker’s necrosis in muscle fibres and mononuclear 
cell. A study done by Basha and Sujitha [5] recorded 
myocarditis with cloudy swelling, necrosis, haemor-
rhage, inflammation, and atherosclerosis in cardiac 
tissue with chronic fluorosis. Another experimental 
fluorosis study done by Al Shahat and Naggar [2] 
revealed capillary congestion, mononuclear cell infil-
tration and haemorrhage in the myofibrillar interval, 
severe muscle degeneration, and cytoplasmic vacuoli-
sation. In our study, the NaF group revealed Zenker’s 
degeneration with wide separation of myocardial 
fibres, loss of cross-striations and fragmentation. 
Dilatation and congestion of blood vessels, nuclear 
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pyknosis and inflammatory cellular infiltration were 
also noticeable.

The heart is vulnerable to oxidative stress due to 
the abundance of mitochondria; the site of basal 
ROS generation and due to its inherent low antiox-
idant defences [51]. Vitamin C is an electron donor, 
and this is the basis of all its known functions. It is  
a soluble antioxidant that prevents oxidative damage 
by eliminating free radicals [36]. In the present study, 
vitamin C significantly ameliorated the NaF-induced 
alterations seen in rats’ myocardium.

The results of Ghosh et al. [14] suggest that vi-
tamin C is capable of intracellular antioxidant en-
zymes restoration and maintenance of endogenous 
antioxidant molecules’ levels, leading the authors to 
include it as a positive control to verify the experi-
mental set up against NaF-induced oxidative stress 
and cell death.

Sirtuin 1 (Sirt1), which is a NAD-dependent class III 
histone deacetylase, plays a fundamental role in mul-
tiple cellular processes via deacetylation. It controls 
mitochondrial health by limiting the generation of 
mitochondrial-derived ROS (mROS). Sirt1 deacetylas-
es manganese superoxide dismutase (SOD2); a key 
enzyme involved in regulating mROS production, 
consequently increasing SOD2 activity [48]. Low levels 
of Sirt1 are associated with increased mROS levels 
[38]. Liu et al. [25] mentioned that Sirt1 expression 
has antioxidant regulatory effects in cardiac tissue 
where it regulates antioxidant systems. 

Peng et al. [37] investigated the beneficial effects 
of vitamin C against NaF-induced cytotoxicity and 
the underlying molecular mechanisms. The authors 
found that NaF caused cytotoxicity, stimulated mROS 
production, and prompted apoptosis in F9 embryonic 
carcinoma cells. NaF administration was also accom-
panied with decreased Sirt1 protein expression. They 
found that NaF-induced mitochondrial oxidative inju-
ries were significantly attenuated by overexpression 
of Sirt1 or incubation with Mito-TEMPO (a SOD2 
mimetic). The authors reported that pretreatment 
with vitamin C enhanced the expression of Sirt1 and 
decreased NaF-induced mitochondrial oxidative stress 
and apoptosis. The authors confirmed that vitamin 
C-induced reduction in mROS and apoptosis was 
blocked by a knockdown of Sirt1 by means of inhib-
iting Sirt1-SOD2 signalling. They also reported that 
sodium-dependent vitamin C transporter 2 (SVCT-2) 
siRNA was capable of hindering the capacity of vita-
min C to stimulate Sirt1/SOD2 signalling.

Zaki et al. [51] revealed that the modulatory effect 
of mesenchymal stem cells (MSCs) pretreated with 
PRP on doxorubicin (DOX)-induced cardiotoxicity was 
superior to the modulatory effect of MSCs alone. The 
authors mentioned that oxidative stress underlies  
the DOX-induced cardiotoxicity and accordingly 
found the oxidant marker MDA to be elevated, while  
the antioxidant marker SOD decreased in DOX-treated 
groups. A significant improvement of both mark-
ers in the MSC- and PRP/MSC-treated groups was  
seen with a significant MDA difference in favour 
of PRP/MSC-treated group. A 100% higher Bcl2/Bax 
ratio was seen after MSCs were pretreated with PRP 
when apoptosis was assessed. In line with the pres-
ent results, PRP showed a similar preventive role like 
vitamin C.

In the cardiovascular system, important antiox-
idative molecules are catalase, SOD, glutathione, 
glutathione S-transferases, glutathione peroxidas-
es, haem oxygenases, thioredoxin reductases, and 
thioredoxins. The expression of those antioxidative 
molecules can be regulated by the transcription factor 
nuclear factor erythroid 2-related factor 2 [22].

The potential antioxidant properties of PRP and 
vitamin C to antagonise cardiac toxicity of NaF were 
studied in the current experiment. Their antioxidant 
potential was investigated through their effect on the 
Keap1/Nrf2/HO-1 as a redox signalling pathway. In the 
current study, the cardiac toxicity with NaF caused the 
depletion of SOD, TrX-1 and increase in MDA level and 
increase in Keap1 levels, and it decreased Nrf2 and 
HO-1 mRNA expressions levels, which are markers of 
oxidative stress. Many studies demonstrated that NaF 
administration reduces the activity of mitochondrial 
antioxidant enzymes leading to cardiotoxicity, finally 
resulting in myocardial necrosis [9]. Activation of 
Nrf2 is done to antagonise reactive oxidants, while 
decreased Nrf2 activity has the opposite action [43]. 
The treatment of tumour cells with vitamin C reduced 
the expression of Nrf2 at the mRNA and protein levels 
[32]. These are studies agreed with our study, PRP and 
vitamin C reduced Keap1 expression and increased 
the nuclear accumulation of Nrf2, which is associat-
ed with higher expression levels of HO-1, SOD, and 
mitochondrial antioxidant enzymes. These results 
are agreed with earlier studies suggesting PRP and 
vitamin C as an anti-oxidative stress agent [19, 23]. 
Lawal et al. [24] investigated the antioxidant efficacy 
of heated garlic juice (HGJ) in liver against ascorbic 
acid (AA) in rats exposed to cadmium. Their results 
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showed that AA was a more effective antioxidant 
than HGJ in avoiding cadmium-induced oxidative 
damage in liver and its action intervened through 
Nrf2-Keap1 pathway. Saif-Elnasr et al. [41] studied the 
treatment of hepatotoxicity induced by γ-radiation in 
albino rats by PRP and/or LMC. Their study revealed 
that treatment with PRP and/or LMC decrease hepatic 
MDA levels and increase Nrf2 levels. Another report 
proposed that vitamin C reduced the levels of the 
oxidants MDA in acute and regular exercise [40]. The 
present study proved that PRP and vitamin C can be 
used a cardio-protective agent in NaF toxicity, which is 
possibly associated with the modulation of the Keap1/ 
/Nrf2 pathway, stimulating the nuclear accumulation 
of Nrf2 and the upregulation of phase II antioxidant 
enzyme expression such as HO-1, SOD, and TrX-1.

CONCLUSIONS
The presented results suggest that pretreatment 

with vitamin C and PRP possess a potential cardio-pro-
tective effect against NaF intoxication in adult male 
albino rats. This study is the first to show that the 
cardio-protective effect of PRP, against NaF intox-
ication in the homogenates of rat heart tissues is 
comparable to that of vitamin C and might be con-
sidered for clinical trials. The results can be viewed as 
a starting point for further applications of this nat-
ural compound in the pharmaceutical industry after 
performing clinical researches. Our data illustrates  
a new molecular mechanism underlying the ability of 
vitamin C and PRP to be explored for future treatment 
of NaF-induced cytotoxicity.
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Background: The parotid gland in sheep ends freely in front of the masseter 
muscle, and paracondylary section of occipital bone and extends deep until 
pterygoid extends of sphenoid bone and hyoid bone. The structure of salivary 
glands in mammals has been thoroughly studied using histological and sialo-
graphic method. This study aimed to reveal the detailed anatomic features and 
race-specific differences of the canal system of the parotid glands in Akkaraman 
sheep by using the corrosion cast technique.
Materials and methods: Thirteen sheep parotid glands from 7 Akkaraman sheep 
were used in this study. Parotid glands were removed from their places with ducts. 
Measurements were made with a calliper from back to front, top to bottom 
and inside to outside. After dissection of the parotid glands, their volumes were 
measured according to the ‘Archimedes principle’. Also, 13 sheep parotid glands 
were examined using the polyester resin method.
Results: In the present study, our average metric results were: length of parotid 
duct was 10.92 ± 1.027 cm, length of parotid gland was 5.87 ± 1.04 cm, volume 
of parotid gland was 12.50 ± 2.48 cm3, thickness of parotid gland was 0.75 ± 
± 0.36 cm and width of parotid gland was 4.07 ± 0.43 cm. The average weight 
of the parotid gland of Akkaraman sheep was identified as 25.3 g. Accessory  
parotid gland was not encountered in the current study.
Conclusions: It was observed that polyester entered into the parotid duct and 
filled up until the acinus and made both acinus and secretory ducts well-examined 
in this study. It was also observed that the parotid gland consisted of lobes and 
lobules. The average number of lobes was 12. The number of lobules in a lobe 
varied between 3 and 16, each lobe consisted of an average of 9 lobules. It was 
found that each lobe has its own lobar duct. (Folia Morphol 2022; 81, 3: 679–684)

Key words: parotid gland, corrosion, secretory duct

INTRODUCTION
The salivary glands play an important role in the 

ruminants and are classified as major and minor. In 
ruminants, the major salivary glands are parotid, 

submandibular, and sublingual, while minor salivary 
glands are buccal and labial [16, 21]. Their secretion, 
saliva, is serous and mucous in character, and is pro-
duced in large quantities, e.g. the amount of saliva 
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secreted during a 24 hour period in sheep is 1–4 L [6]  
or 6–16 L [10, 22].

Histologically parotid salivary gland is usually a se-
rous gland in all domestic animals, man and rodents; 
a few mucous cells or adenomeres may be present in 
carnivores [6, 10, 22].

The parotid gland, the largest salivary gland in 
sheep, is situated on the masseter muscle along the 
caudal border of the vertical ramus of the mandible 
from the zygomatic arch to the angle of the junction 
of the linguo-facial and maxillary veins and is located 
at the base of the ear between the back side of ramus 
mandibulae and transvers process of atlas.

The parotid duct leaves the gland at its ventral 
and rostral surface, coursing along the ventral and 
rostral border of the masseter muscle, as it is located 
between the muscle and the facial vein. It enters the 
oral cavity and opens into the papilla salivalis opposite 
to the upper second molar tooth [9, 15, 22].

Human parotid glands are the largest major 
glands (average weight: 25–30 g) located on each 
side of the head, behind the external auditory canal 
of the mandible and the skull base. The development 
of human parotid glands starts from the 5th and 6th 
week of the intrauterine stage. The main excretory 
duct of the parotid gland is Stensen’s duct; it runs 
through the anterolateral edge of the gland over the 
masseter muscle, culminating at the buccal mucosa in 
the upper molar region. Parotid glands are exclusively 
formed by serous acini [2, 19].

Although the duct of the parotid gland is usually 
one, it can vary numerically. For example, a 46-year-
-old man has a double parotid canal on the right 
side of his face [1, 12, 13]. Sometimes an accessory 
parotid gland is found anterolaterally to the masseter 
muscle in humans [5].

The mass of the mandibular and parotid gland 
was reported to be 9.0 g and 11.0 g, respectively, 
in sheep [14, 22, 24]. In another study the mass of 
mandibular and parotid gland in sheep was reported 
to be 16.2 ± 4.6 g and 13.5 ± 2.6 g [7]. The mean 
length of the parotid gland was 6.04 ± 0.48 cm in 
sheep and 6.56 ± 0.361 cm in goat [18], and 3.96 ± 
± 0.26 cm in dog [11]. Human parotid glands average 
weight is 25–30 g [19] and 14–28 g [25].  

The mean diameters of mandibular and parotid 
ducts were 1.4 ± 0.3 mm and 3.1 ± 1.0 mm, respec-
tively, in sheep [7]. The parotid duct measured about 
20 ± 0.41 cm in length and 0.5 ± 0.2 cm in diameter 
in camel (Camelus dromedarius) [15]. Estecondo et 

al. [11] showed that in Zaedyus pichiy, the subman-
dibular gland consists of 2 lobes.

The parotid gland was irregular rectangular and 
had five processes. Both the parotid and the man- 
dibular salivary glands could be divided into 4 seg-
ments [15].

The normal sheep mandibular and parotid sali-
vary glands have a multilobular appearance in cadav-
er heads [7]. Sheep parotid gland was made up of  
4 lobes (cranial, middle, caudal and accessory) and 
the main excretory duct was formed from union of 
4 lobar ducts [20]. Human parotid gland is divided 
into superficial and deep lobes [25]. The duct system 
of the major salivary glands is starting from the acini, 
the intercalary duct, the intralobular duct (striated 
duct) (secretory tubule), the interlobular duct, the 
lobular duct, the intralobar duct and the (excretory 
duct) ductus parotideus, [2, 6, 8, 13, 23].

The structure of salivary glands in mammals has 
been thoroughly studied using histological, histo-
chemical, and sialographic method [7, 10, 11, 18, 24]. 

However, there is no study on parotid ductal sys-
tem in human and other animals with corrosion meth-
od. This study aimed to reveal the detailed anatomic 
features and race-specific differences of the canal 
system of the parotid glands in Akkaraman sheep by 
using the corrosion cast technique.

MATERIALS AND METHODS
Thirteen sheep parotid glands from 7 Akkaraman 

sheep (12–23 months old and 34–45 kg) were used 
in this study. We used 7 sheep in our study, but since 
the ducts of one of the parotid glands could not be 
removed to be examined under a microscope, we 
expressed it as 13 parotid glands.

Parotid glands were removed from their places 
with ducts (Fig. 1). Measurements were made with 
a calliper from back to front (length), top to bottom 
(length–height) and inside to outside (thickness). 
Course of parotid duct and length from the entrance 
of mouth to the gland were also measured. After 
dissection of the parotid glands, their volumes were 
measured according to the ‘Archimedes principle’. 
For this reason, the parotid gland was placed into  
a measured container filled with physiological saline 
solution and the volume of the parotid gland was 
measured by determining the amount of water over-
flowed from the container. This process was repeated 
6 times and the average was taken as the volume of 
the gland.
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Ten millilitres physiological saline containing 2%  
heparin was injected into the parotid duct after 
cleaning the tissues surrounding the parotid gland. 
In order to show the duct system of parotid gland,  
15 mL of the polyester resin solution was injected into 
parotid duct with a 120 mmHg pressure. Twenty-four 
hours passed for the solidification of the polyester solu-
tion. The parotid gland was put into a 37% HCL solution 
for 24 hours. Parotid gland tissues that were dissolved 
were washed under tap water and air-dried. With the 
use of a stereomicroscope, ducts of parotid gland were 
dissected with a forceps from the parotid gland [3, 4].

RESULTS 
Present findings revealed that parotid gland of the 

sheep was located on the masseter muscle and settled 
outside the mandibula. Accessory parotid gland was 
not encountered in the present study. Parotid duct was 
separated from the gland at the level of angulus mandib-
ulae. It was 2 cm above the inferior margin of mandibula 
and was extended parallel to this edge on the masseter 
muscle. After crossing the front edge of the masseter 
muscle, it run on the buccinator muscle. When it reached 

the upper edge of buccinator muscle, it opened into 
the mouth through parotid papilla between the top 3rd 
premolar and the 1st molar maxillary teeth (Fig. 2).

In the present study, our metric results were 
shown in Table 1. The average weight of the parotid 
gland of Akkaraman sheep was identified as 25.3 g.

It was observed that polyester entered into the pa-
rotid duct and filled up until the acinus and made both 
acinus and secretion canals well-examined in this study.

Usually, parotid duct was initially formed by the 
combination of 2 interlobar duct, then the thickness 
or diameter of parotid duct increased with the num-
ber of canals participating in its formation. Parotid 
duct was formed by combining lobar ducts coming 
out of the lobes in the gland (Fig. 3). Every lobe of 
the parotid gland had a lobar duct, each lobar duct 
converged with each other to create the parotid duct.

It was also observed that the parotid gland con-
sisted of lobes and lobules. The number of lobes of 
parotid glands varied from one gland to another. 
The average number of lobes was 12. The number of 
lobules in a lobe varied between 3 and 16, each lobe 
consisted of an average of 9 lobules. It was found 

Table 1. Measurement values of parotid glands in Akkaraman sheep

Parameters Right parotid gland Left parotid gland Min–Max Total

Length of parotid gland [cm] 6.0 ± 0.2 5.7 ± 1.7 4.5–7.0 5.87 ± 1.04

Thickness of parotid gland [cm] 0.9 ± 0.4 0.5 ± 0.7 0.5–1.30 0.75 ± 0.36

Width of parotid gland [cm] 4.4 ± 0.1 3.7 ± 0.3 3.50–4.50 4.07 ± 0.43

Volume of parotid gland [cm3] 14.5 ± 0.7 10.5 ± 1.4 9.50–15 12.50 ± 2.48

Length of parotid duct [cm] 11.75 ± 0.35 10.1 ± 0.5 9.70–12 10.92 ± 1.027

Data are shown as mean ± standard deviation or minimum–maximum (Min–Max).

Figure 1. Head of sheep; 1 — external ear canal; 2 — occipital 
condyle; 3 — parotid gland; 4 — parotid duct; 5 — masseter  
muscle.

Figure 2. The course of parotid duct; 1 — ductus parotideus;  
2 — papilla parotidea; Mm — masseter muscle; Bm — buccinator 
muscle; Fcm — facial muscle.
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that each lobe had its own lobar duct (Figs. 3–6). 
Secretory pathways were clearly shown in parotid 
gland in our corrosion cast technique. 

In this study, ductal connections of small-diameter 
ducts and large-diameter ducts were found in seven 
types (Fig. 7). 

Figure 5. Lobules of a lobe in parotid gland.

Figure 6. Lobar duct (1–17), excretory duct (parotid duct) in parotid 
gland.

Figure 7. A–K. Connections (arrow) of ductus of parotid gland in sheep. 

Figure 3. Ducts of a lobe and lobules in the parotid gland; 1 — in-
tralobular duct; (striated duct); 2 — interlobular duct; 3 — lobular 
duct; 4 — intralobar duct; 5 — lobar duct; 6 — excretory duct 
(parotid duct).

Figure 4. Structure of a parotid gland; 1 — lobule; 2 — interlobular 
duct; 3 — lobe; 4 — parotid duct.
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Accordingly:
 — 23.08% of ducts formed slight curvatures at this 
connections (Fig. 7A, C, D); 

 — 7.69% of ducts connected other ducts at a right 
angle (Fig. 7B); 

 — 15.38% of ducts connected other duct at different 
angles (Fig. 7G, H);

 — 7.69% of minor ducts connected initially with each 
other at the same direction, then connected with 
major ducts (Fig. 7E);

 — 7.69% of minor and major ducts connections 
usually occurred after the combination of 2 ducts 
coming here at different angles (Fig. 7A); 

 — 7.69% of minor duct merged into the major ducts 
at the same angle, which paralleled to each other 
(Fig. 7F); 

 — 23.08% of the interlobar ducts exited the lobar 
duct without curvature, while the others came 
out with a curvature (Fig. 7I, J, K). 
In our study, we did not statistically analyse the 

ductal connections of the parotid ducts. For this rea-
son, we did not express it as a percentage.

DISCUSSION
We examined macroscopically parotid gland, 

parotid duct and microscopically ductal system of 
parotid gland in the current study. 

The parotid gland is located on the lateral surface 
of the masseter muscle and surrounded back side of 
this muscle. It goes deep and is directly neighbouring 
ramus mandibulae. The upper part of the parotid 
gland is closed by the outer ear, and the paracondylar 
part by the caudal of the occipital bone. It extends 
deep until the pterygoid process of the sphenoid bone 
and the hyoid bone (Fig. 2).

Sometimes an accessory parotid gland is found 
anterolateral to the masseter muscle in humans [5], 
but accessory parotid gland was not encountered in 
the present study in sheep heads.

Some investigation indicated that parotid duct 
enters the oral cavity opposite to the upper second 
molar tooth in the sheep [9, 15, 22]. But our study 
shows parotid duct opens into the mouth through 
parotid papilla between the top 3rd premolar and the 
1st molar maxillary teeth (Fig. 2). 

Parotid gland has a parotid duct in animals, but dou-
ble parotid duct was observed in a human patients, in the 
right aspect of the face of a 46-year-old man [1, 12, 13].  
Double parotid duct was not found in our study.

In the literature, the mean length of the parotid 
gland of sheep was 6.04 ± 0.48 cm and 6.56 ±  
± 0.361 cm in goat [18] and 3.96 ± 0.26 cm in dog [11].  
In our study, the average length of the parotid  
gland in sheep was identified as 5.87 ± 1.04 cm 
(Table 1). 

The length and diameter of the parotid duct in 
the camel were reported as 20 ± 0.41 cm and 0.5 ±  
± 0.2 cm, respectively (Camelus dromedarius) [15]. 
The mean diameter of mandibular and parotid duct 
were 1.4 ± 0.3 mm and 3.1 ± 1.0 mm, respectively, 
in sheep [7]. Average length of parotid duct was  
10.92 ± 1.027 cm in our study (Table 1).

The mass of the mandibular and parotid gland 
was reported to be 9.0 g and 11.0 g, respectively, 
in sheep [14, 22, 24]. In another study the mass of 
mandibular and parotid gland in sheep was reported 
to be 16.2 ± 4.6 g and 13.5 ± 2.6 g, respectively [7]. 
Human parotid glands’ average weight was reported 
as 14–30 g [19, 25]. The average weight of the parotid 
gland of Akkaraman sheep was identified as 25.3 g 
in the current study (Table 1).

In our study, some parameters of the parotid 
gland, such as volume, thickness and width, which 
were not previously reported in the literature, were 
also measured. We found the average volume of the 
gland as 12.50 ± 2.48 cm3, the average thickness 
as 0.75 ± 0.36 cm and the average width as 4.07 ±  
± 0.43 cm (Table 1).

Parotid gland consists of lobes and lobules. The 
number of lobes of the parotid glands can vary from 
one gland to another. The number of lobes in the pa-
rotid gland is related to the number of ducts [17], and 
some studies have shown that the mandibular gland 
consists of 2 lobes [11]. Both parotid and mandibular 
salivary glands can be divided into 4 sections [15]. 
While sheep mandibular and parotid salivary glands 
have a multilobular appearance [7], the human pa-
rotid gland is divided into superficial and deep lobes 
[25]. The sheep parotid gland consists of 4 lobes: cra-
nial, middle, caudal and accessory [20]. The present 
study showed that the parotid duct is divided into 
lobar ducts and each lobar duct represents one lobe, 
and in this context, the average number of lobes in 
the parotid gland is 12. Also, lobar duct is divided 
into lobular ducts, each lobe consists of an average 
of 9 lobules (Figs. 3–6). We believe that our research 
will be useful in studies on the ductal system of the 
parotid gland.
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CONCLUSIONS
The structure of the salivary glands in mammals 

has been studied in depth by histological, histochem-
ical, and sialographic method. Polyester injection 
and corrosion method shows the ductal anatomy 
of the salivary glands very well. However, there is 
no study about the corrosion method and parotid 
ductal system in mammals. Therefore, this study was 
conducted to define the histological and anatomical 
features of the adult sheep parotid acini and ductal 
system in this method. In this study, it was observed 
that the polyester entered the parotid duct and filled 
up to the acini and examined both the acinus and 
secretion channels well. 
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Background: Primary synovial chondromatosis (PSC) is a rare idiopathic pathol-
ogy characterised by the formation of osseocartilaginous nodules within synovial 
joints, tendons, or bursae. The mineralisation pattern of PSC nodules is poorly 
understood and has yet to be investigated using elemental analysis. Mapping this 
pattern could elucidate the progression of the disease. 
Materials and methods: Primary synovial chondromatosis nodules discovered 
during dissection of a formalin fixed donor were analysed. Scanning electron 
microscopy paired with energy dispersive X-ray spectroscopy (SEM-EDS) was used 
to quantify calcium and phosphorus levels to distinguish mineralised components 
from cartilage, indicated by increased carbon and oxygen concentrations. 
Results: Nine nodules with average dimensions 1.76 cm × 1.25 cm were iden-
tified in the semimembranosus bursa. SEM-EDS demonstrated increased calcium 
phosphate levels in nodular cores, while outer margins contained primarily car-
bon and oxygen. Quantification of these elements revealed nodular peripheries 
to contain 68.0% carbon, 30.2% oxygen, 0.8% calcium, and 1.0% phosphate, 
while cores were comprised of 38.1% carbon, 42.1% oxygen, 14.1% calcium, 
and 5.7% phosphate. 
Conclusions: Nodules were found to have mineralised cores embedded within 
a cartilaginous matrix. This pattern suggests disease progression is facilitated by 
endochondral ossification, opening the potential for new therapeutic techniques. 
(Folia Morphol 2022; 81, 3: 685–693)

Key words: scanning electron microscopy, energy dispersive X-ray 
spectroscopy, nodules, loose bodies, semimembranosus bursa,  
popliteal cyst

INTRODUCTION
Primary synovial chondromatosis (PSC) is a rare, 

benign pathology characterised by the proliferation 
of osseocartilaginous nodules from the synovial lining 
of joints, bursae, or tendinous sheaths [29]. Disease 
onset is marked by chondroid metaplasia, where 

synoviocytes aberrantly modify their phenotype to 
secrete a cartilaginous matrix comprised of type II 
collagen, which can coalesce to form deposits of 
hyaline cartilage [1, 27]. These deposits can fuse, 
mineralize, and eventually ossify as intrasynovial loose 
bodies [28]. Secondary synovial chondromatosis has 

https://orcid.org/0000-0002-0786-5328
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been described, where intraarticular loose bodies 
instead appear as a result of degenerative arthropathy 
or trauma [10, 16]. PSC affects males up to 3 times 
more often than women [29] and is most often seen 
in the knee [25], although any synovial joint may be 
affected, including the hip [39], shoulder [38], and 
temporomandibular joint [4]. Patients often present 
with joint pain and swelling, limited range of motion, 
crepitus, or may be asymptomatic, depending on the 
stage, severity, and location of the condition [22, 33]. 
This ambiguous symptomatology makes the incidence 
rate difficult to estimate, but a rate of 1 per 100,000 
has been reported [8]. In the presence of functional 
deficits, treatment will involve surgical extraction of 
loose bodies; synovectomy may also be recommended 
to prevent recurrence, although research has shown 
that it may have no influence on prognosis up to six 
years post-operation [36]. 

While researchers have done well to characterise 
various presentations of PSC, its label as an idiopathic 
condition persists. The limited understanding of dis-
ease progression is reflected in conflicting reports 
on the mineralisation patterning of osseocartilagi-
nous nodules. Early investigators postulated that PSC 
nodules followed patterns of endochondral ossifica-
tion, in which central mineralisation occurred within  
a cartilaginous matrix [26]. However, more recent 
reports describe ossification as first appearing pe-
ripherally, deviating from original claims [9]. Mapping 
the mineralisation pattern of PSC nodules through 
elemental analysis could clarify this discrepancy, while 
also providing evidence to assist with disease staging, 
medical imaging interpretation, and development of 
novel treatment options. 

Scanning electron microscopy (SEM) coupled with 
energy-dispersive X-ray spectroscopy (EDS) conducts 
elemental analysis by first bombarding a sample with 
an electron beam. When a primary beam electron 
displaces a specimen inner shell electron, outer shell 
electrons move to replace it. Specific elements can 
be identified by their signature X-ray energy levels 
released as specimen electrons move to lower energy 
level orbitals. The utility of SEM-EDS is well-repre-
sented in various fields of biology, including forensic 
anthropology [30], dentistry [7], bioarcheology [6], 
and biomedical research [24]. Despite its widespread 
applications in biological research, to the knowledge 
of the authors, the utility of SEM-EDS has yet to be 
leveraged in the elemental investigation of intraar-
ticular loose bodies, including those caused by PSC.

The aim of this research was to employ SEM- 
-EDS to clarify the patterning of mineralisation in PSC 
nodules discovered during anatomical dissection. 
Dissection images and radiographs were included 
to support the clinician’s understanding of this rare 
condition. 

MATERIALS AND METHODS
Ethical approval

This research received ethical approval by the In-
stitutional Review Board (Ref. #885V.1). Consent for 
the willfully donated tissue to be used for research 
purposes was provided by the donor premortem. 

Cadaveric dissection

The right posterior knee of an 88-year-old for-
malin-fixed male donor was dissected by a group 
of first-year medical students. Investigation of the 
superomedial corner of the popliteal fossa revealed 
an enlarged semimembranosus bursa, situated be-
tween the semimembranosus tendon and medial 
head of gastrocnemius. Excision of the bursa revealed 
numerous hardened, semi-lobulated nodules bathed 
in synovial fluid (Fig. 1). Students followed similar pro-
tocols to dissect the left popliteal fossa, followed by 
bilateral intraarticular exploration of the tibiofemoral, 
patellofemoral, acetabulofemoral, and glenohumeral 
joints performed by an author (A.W.B.) to determine 
the extent of the pathology.

Medical imaging

Radiographs were taken to elucidate the pat-
terning of mineralisation and in situ positioning of 
the nodules. Nodules were retained within the semi-
membranosus bursa as anterior-posterior and lateral 
radiographs were obtained (Del Medical Systems, 
model #RT100). 

sample preparation for sEM

Following medical imaging, nodules were ex-
tracted, counted, and measured using Neiko digital 
callipers. Eight nodules were randomly selected and 
processed for ultrastructure inspection via coring, 
freeze fracture, or bisection. Three were cored by 
manually driving a bone marrow biopsy “J” type 
needle (Argon Medical Devices, Frisco, TX) through 
its centre. Three were suspended in a polyurethane 
ice bucket containing liquid nitrogen for 60 s, and 
subsequently fragmented. Two were bisected by 
gently hammering a scalpel through their equator. 
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Freeze fractured (n = 6), cored (n = 6), and bisected  
(n = 4) samples were fixed using phosphate buffer 
glutaraldehyde and osmium tetroxide, respectively. 
Following fixation, specimens were dehydrated using 
a graded series of ethanol (2 h each in 50%, 70%, 
85%, 100% and replenished 100%) then further dried 
with hexamethyldisilazane (2 h each in 50%, 98%, and 
replenished 98%), with agitation throughout. Speci-
mens were then mounted on 1 cm stubs and sputter 
coated using a gold-palladium target (Anatech USA 
Hummer 6.2 Sputtering System).

sEM-Eds

A Hitachi TM-3000 SEM was coupled with EDS 
(Bruker Quantax 70) to perform elemental analysis 
on the surface scans of samples. A targeted working 
distance of 8.3 mm was used to optimise X-ray de-
tection. The concentrations of calcium, phosphorus, 

carbon, and oxygen in each sample were localised 
and quantified using the mapping, line scan, and 
spot mode EDS features. Mapping demonstrated 
patterning of elemental distribution across the en-
tirety of the sample’s surface, while line scan was 
used to depict fluctuations in the concentration of 
target elements along the length of a drawn vector. 
Spot mode quantified elemental composition within 
a target area, which was drawn with the smallest 
possible circumference so as to capture the narrowest 
window of X-ray counts required by the software to 
perform the analysis. Nodular cores and peripher-
ies were targeted using this spot mode method to 
compare the elemental composition of these two 
regions. Results of line scan and mapping analyses 
were interpreted to describe the pattern and extent 
of mineralisation. Mineralised areas were indicated by 
increased concentrations of calcium and phosphorus, 
versus cartilaginous components as evidenced by the 
presence of primarily carbon and oxygen. 

statistical analysis

Nodule dimensions and results of elemental analy-
sis were entered into Microsoft Excel (Microsoft Office 
365, Version 16.44) for descriptive statistical analysis.

RESULTS
Cadaveric dissection

Nine total nodules were found within the right 
semimembranosus bursa (Fig. 1). Dissection of the 
left semimembranosus bursa revealed numerous car-
tilaginous deposits within the synovial membrane. 
No loose bodies were identified. Dissections of the 
patellofemoral, tibiofemoral, acetabulofemoral and 
glenohumeral joints were performed and were absent 
of cartilaginous deposits and loose bodies.

Medical imaging

Anterior-posterior and lateral plain radiographs 
of the right knee demonstrated the radiopaque nod-
ules posterior to the knee joint (Fig. 2). Incidental 
findings included narrowing of tibiofemoral and 
patellofemoral joint spaces, osteophytic deposits on 
the distal femur and proximal tibia, and subchondral 
sclerosis denoted by increased radiopacity across the 
tibial plateau. Following extraction, nodules were 
found to have average dimensions of 1.76 cm ×  
× 1.25 cm (Fig. 3), with bisected samples depicting 
a central core of mineralisation and cartilaginous 
shell (Fig. 4).

Figure 1. Posterior view of the right knee following dissection of the 
popliteal fossa. Skin and subcutaneous tissue have been removed. 
Nodules (N) were found within the semimembranosus bursa (incised), 
situated between the semimembranosus muscle (SM) and the me-
dial head of gastrocnemius muscle (GM). Tendon of semitendinosus 
muscle (ST) is retracted laterally; GL — lateral head of gastrocnemius 
muscle; I — inferior; L — lateral; M — medial; S — superior.
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sEM-Eds

SEM-EDS was used to detect the presence of car-
bon (C), oxygen (O), calcium (Ca) and phosphorus (P) 
as an indicator of phosphate in all freeze fractured, 
cored, and bisected samples using mapping, line scan, 
and spot mode features. Mapping depicted a gradient 
pattern of calcium and phosphate levels, with greater 
deposition of these elements near the nodular centre, 
with only trace amounts of these elements detected 
in the outer shell. Carbon and oxygen levels were 
found throughout, with higher concentrations in 
the periphery (Fig. 5A–C). Line scan showed similar 
results, with concentrations of calcium and phosphate 
being higher near the nodular centre then gradually 
decreasing towards the periphery. Thin, lamellar dep-
ositions of calcium and phosphate radiating outwards 
were observed (Fig. 5D–F), supporting light micro-
scopic observations under low magnification (Fig. 4).  

Spot mode analysis was performed in the centre and 
periphery of all samples, and further indicated a pat-
tern of increased mineralisation in nodular centres as 
evidenced by higher concentrations of calcium and 
phosphate (Fig. 5G–I). Collectively, outer margins 
were found to be composed of 68.0% C, 30.2% O, 
0.7% Ca, and 1.0% P (Fig. 6A), with nodular cores 
containing 38.1% C, 42.1% O, 14.1% Ca, and 5.7% P  
(Fig. 6B). 

DISCUSSION
Elemental analysis via SEM-EDS revealed PSC nod-

ules to contain a mineralised core embedded in a shell 
of cartilage. This finding refutes recent claims that 
ossification is initiated peripherally [9], while sup-
porting the original hypothesis put forth by Milgram 
[26] in 1971 that nodules contain outer margins of 
“lobular cartilage, with a central region of reactive 

Figure 2. Lateral (A) and anteroposterior (B) radiographs of the 
right knee. Primary synovial chondromatosis nodules can be seen 
as collection of radiopacities posterior to the knee joint; A —  
anterior; I — inferior; L — lateral; M — medial; P — posterior; 
S — superior.

Figure 3. Isolated nodules (n = 9) following extraction from the semimembranosus bursa, with average dimensions of 1.76 cm × 1.25 cm.

Figure 4. The inner face of a halved nodule depicts its internal  
morphology via light microscopy. Central swirl of mineralisation 
and outer cartilaginous shell can be seen. Intermediary lamellae  
of calcification support a gradient pattern of mineralization that  
is initiated centrally and proceeds towards the periphery. 
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bone.” Milgram [26] postulated that a remodelling 
process similar to endochondral ossification could be 
responsible for this pattern of central mineralisation. 
Endochondral ossification outlines the normal devel-
opmental processes involved the formation of the 
majority of the mammalian skeleton [20]. Briefly, this 
process begins with undifferentiated mesenchyme 
condensing to form precursors of skeletal structures. 
Mesenchymal stem cells in the centre of these pre-
cursors will differentiate into chondrocytes, which 
will form a model of the developing bone through 
secretion of a collagen matrix. Invasion of osteogenic 
cells promotes bone deposition in centrally located 
primary ossification centres. Meanwhile, chondro-

cytes continue to proliferate at the margins of the 
developing bone, facilitating growth, while bone dep-
osition proceeds centrally. Modulating endochondral 
ossification processes are a host of transcription fac-
tors. Members of the fibroblast growth factor (FGF) 
family like FGF1 and FGF2 have been shown to provide 
essential signalling for cell survival within condens-
ing mesenchyme [42], and regulation of osteocyte 
proliferation and differentiation in developing bone 
[43], while chondrocyte proliferation is promoted by 
FGF3 and FGF9 [13]. Interestingly, dysregulation of 
these transcription factors has been described in the 
synoviocytes and chondrocytes of PSC, implicating 
their role in the aberrant cellular differentiation that 

Figure 5. Scanning electron microscopy (SEM) paired with energy dispersive X-ray spectroscopy elemental analyses of primary synovial 
chondromatosis nodules; A. SEM image of freeze fractured sample, with centre of the nodule pointing the left; B. Sample from panel A an-
alysed in mapping mode, indicating higher levels of calcium (Ca) and phosphorus (P) in the core; C. Spectrum plot from analysis in panel B, 
depicting elemental abundance in X-ray counts per second per electron volt (cps/eV), with elements identified via their kiloelectron volt (keV) 
signature; D. SEM image of cored sample, with centre of the nodule pointing to the bottom left; E. Sample from panel D analysed in line scan 
mode, indicating lamellar deposits of Ca and P; F. Spectrum plot from analysis in panel E, depicting elemental abundance in X-ray counts  
cps/eV, with elements identified via their keV signature; G. SEM image of halved nodule, with centre of the nodule located in the bottom right; 
H. The centre of bisected nodule (G) is analysed in spot mode; I. Spectrum plot from analysis in panel H, depicting elevated levels of Ca and 
P in X-ray counts cps/eV, with elements identified via their keV signature; C — carbon; O — oxygen; MAG — magnification; WD — working 
distance.
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is characteristic of the condition [31, 32]. Therapeutic 
interventions designed to target these molecular reg-
ulators could provide novel treatment options for PSC, 
not unlike those designed for ankylosing enthesitis, 
a chronic articular pathology that has been found 
to also manifest via endochondral ossification [21]. 

The progression of PSC has been outlined into 
three stages by Milgram [25]: stage I is marked by 
cartilaginous proliferations deposited within inflamed 
synovial tissue with no loose bodies present; stage II 
is distinguished by synovitis with well-formed nodules 
that may or may not have separated from the synovi-
um to form loose bodies; stage III is characterised by 
the presence of intraarticular loose bodies with no 
active synovitis [25]. Applying Milgram’s staging to 

the results from the cadaveric dissection in this study, 
a diagnosis of bilateral, extraarticular PSC could be 
postulated: cartilaginous deposits found in the syn-
ovial membrane of the left semimembranosus bursa 
suggest a possible stage I disease state, with the loose 
bodies in the right indicating stage III. Bilateral, extraar-
ticular presentations of PSC have been reported [2]  
but are exceedingly rare. More research is required 
to investigate potential underreporting of bilateral 
cases when staging is asymmetrical, with the more 
conspicuous side possibly overshadowing the other. 

Differential diagnosis for PSC includes secondary 
synovial chondromatosis, and loose bodies formed 
from a chondrosarcoma malignancy [41], a critical 
demarcation as each requires unique interventions. 
Diagnosis typically relies on a combination of patient 
history and a series of radiographic and histopatho-
logical studies [28]. The differing pathophysiology of 
these conditions is reflected in the distinct minerali-
sation patterns observed in their respective nodular 
products [26]. PSC nodules are described as being 
primarily composed of cartilage, with characteristic 
“ring-and-arc” mineralisation patterns seen in ad-
vanced stages of the disease [28]. In contrast, oste-
ochondrosarcomas have been described to be more 
heterogeneous with ill-defined, lobulated margins 
and punctate calcifications [17]. Secondary synovial 
chondromatosis nodules, meanwhile, would depict  
a hyperdense, ossified core with a thin margin of ar-
ticular cartilage, reflecting their origin from fragments 
of developed bone [26]. These characteristics high-
light the importance of elucidating the mineralisation 
pattern of intraarticular loose bodies so as to further 
facilitate this differential diagnosis process and aid 
in their identification on medical imaging studies.

Incidental findings of the lateral and anteropos-
terior radiographs suggested an additional diagnosis 
of osteoarthritis, evidenced by decreased joint space, 
osteophyte formation, and subchondral sclerosis [14]. 
The association between osteoarthritis and PSC is 
still poorly understood, however, a histopatholog-
ical link is possible since both are associated with 
cellular alterations of the synovium [34]. Better un-
derstood is the relationship between osteoarthri-
tis and secondary synovial chondromatosis, as the 
latter can be categorised by loose bodies formed 
from dislodged osteoarthritic osteophytes [16]. As 
the presence of osteoarthritis alone is not enough to 
distinguish between primary and secondary synovial 
chondromatosis, investigation of loose bodies could 

Figure 6. Pie charts depicting results of spot mode scanning  
electron microscopy paired with energy dispersive X-ray spectros-
copy elemental analyses of cored, freeze fractured, and bisected 
specimens; A. Elemental composition of nodular periphery. High 
concentrations of organic elements (carbon and oxygen) suggest  
a predominantly cartilaginous composition; B. Elemental compo-
sition of the centre of nodules. Increased calcium and phosphate 
content suggest advanced mineralisation; C — carbon; O — oxy-
gen; Ca — calcium; P — phosphorus.
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aid in the differential diagnosis. In addition to their 
unique mineralisation patterns, PSC typically gives 
rise to numerous loose bodies that are homogenous 
in size, as seen in the subject in this study, while the 
secondary form of the disease most often presents 
with fewer loose bodies that are of varying size [9].  

The location of the PSC nodules within the sem-
imembranosus bursa is particularly noteworthy as 
this is the location of the more common synovial 
pathology known as a popliteal cyst [11]. This con-
dition is characterised by the pathological accumu-
lation of synovial fluid within the semimembranosus 
bursa, one of the six bursae around the knee that 
function to minimise mechanical friction forces [19, 
37]. Inflammation of the intraarticular synovium, 
such as through osteoarthritis or PSC, leads to an 
effusion-caused increase in synovial fluid production 
within the knee joint capsule [40]. Excess fluid is able 
to escape into the semimembranosus bursa; however, 
a one-way valve prevents the fluid’s return into the 
joint cavity [3, 15]. Accumulation of fluid within the 
semimembranosus bursa manifests as pain and swell-
ing in the back of the knee with stiffness and a limited 
range of motion [11], potentially mimicking PSC. Our 
report adds to the thin body of literature describing 
extraarticular cases of PSC within a popliteal cyst [12, 
35] and highlights the need for additional research 
into the relationship between the two.

Although our findings provide novel insight into 
the composition of PSC nodules, extrapolation of 
the results should be tempered due to the limited 
sample size. Broadening the scope to include mul-
tiple cases of PSC would offer greater insight into 
the epidemiology and pathophysiology of the con-
dition. This research was further limited by a narrow 
medical history of the studied subject, which was 
either not included in the donor documentation or 
withheld for the purposes of protecting anonymity. 
Additionally, the original in situ presentation of the 
pathology may have been disturbed through the 
dissection process, thus limiting the interpretation 
of radiographs. Finally, it is not known how, or if, the 
elemental composition of PSC nodules was altered 
following the systemic formalin-fixation of this donor. 
Prior research has demonstrated the preservation 
of calcium in embalmed human bone using plasma 
mass spectrometry [5], while animal studies have im-
plicated formalin-fixation in the fluctuations of heavy 
metal concentrations [23] and mechanical proper-
ties of bone, perhaps due to instability of mineral 

content [18, 44]. Future studies could use SEM-EDS 
to demonstrate the stability of elements of interest 
throughout the formalin-fixation process by compar-
ing pre- and post-fixed tissues, thereby validating the 
use embalmed donors as a sample source for future 
SEM-EDS investigations. 

CONCLUSIONS
Primary synovial chondromatosis is a rare pathol-

ogy characterised by the proliferation of osseocarti-
laginous loose bodies from metaplastic synovium of 
joints, tendon sheaths, or bursae. Elemental analysis 
revealed PSC loose bodies to consist of a mineralised 
core embedded in a cartilaginous matrix, supporting 
a progression that mirrors endochondral ossification. 
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Background: The purpose of this research was to evaluate the size of the sphenoid 
sinuses’ ostia, the distance between them and the distance between the medial 
margin of the ostia and the median line in the Polish adult population. 
Materials and methods: The analysis was undertaken as a retrospective study 
of 296 computed tomography (CT) scans of patients (147 females, 149 males) 
with no comorbidities in their sphenoid sinuses. The paranasal sinuses were in-
vestigated by using Spiral CT Scanner (Siemens Somatom Sensation 16), in the 
option Siemens CARE Dose 4D, without administering any contrast medium. 
Having obtained transverse planes, multiplans reconstruction tool was used in 
order to glean sagittal and frontal planes. 
Results: The average size of both sphenoid sinus ostia was 0.31 cm for both 
genders (for females ranging from 0.1 to 0.5 cm and from 0.1 to 0.6 cm for 
males). The mean distance between both sphenoid sinus ostia was 0.6 cm for 
both genders (the range for females was 0.1–1.4 cm, whereas 0.1–1.8 cm for 
males). The average distance between the medial margin of the ostium and the 
median line was 0.32 cm for both genders (0.31 cm for females in the range of 
0–0.9 cm and 0.32 cm for males in the range of 0–1 cm). 
Conclusions: Intraoperative identification of the sphenoid sinus ostia might 
prove difficult and their inadequate excision could lead to potential iatrogenic 
complications, hence detailed anatomical descriptions are still warranted in specific 
populations in order to perform safe and effective procedures. (Folia Morphol 
2022; 81, 3: 694–700)

Key words: sphenoid sinus, sphenoid sinus ostium, anatomy

INTRODUCTION
The paranasal sinuses are pneumatic spaces that 

form a part of the upper respiratory tract and com-

prise of namely the sphenoid sinuses (typically two) 
that are of immense importance for trans-sphenoidal 
endoscopic or microscopic surgical approaches. Their 



695

J. Jaworek-Troć et al., Sphenoid sinus ostium

development is initiated by the intussusception of the 
nasal mucosa towards the sphenoid [7, 24], extend-
ing the sphenoethmoidal recess posteriorly towards 
the skull base [17] thus in exchange allowing for  
a communication between them. Migration of the 
connective tissue into the viscerocranium is the sec-
ondary stage of sphenoid sinus aeration [17].

Notwithstanding, the sphenoid sinuses are to date 
assessed from every possible angle due to their vastly 
complicated and varied anatomy. Some of the most 
recognizable variants include their dimensions, exten-
sive pneumatisation and hence presence of recesses, 
as well as relation to the neighboring neurovascular 
entities, namely the internal carotid canal [10–16, 22].

When surgically approaching the sphenoid sinus, 
its ostium is typically found medially and inferiorly to 
the rim of the superior turbinate [1]. Having identified 
the ostium, the anterior wall of the sphenoid sinus 
is typically excised around the both ostia, allowing 
for a facilitated access into the sinus [3]. In order 
to perform a safe trans-sphenoidal endoscopic or 
microscopic procedure, it is also imperative for the 
surgeon to be spatially orientated about the maxi-
mum diameter of the sinus, location of the carotid 
canal, the optic canal and other major surrounding 
neurovascular entities [1, 11, 13].

This study aimed primarily to present the up- 
-to-date morphometric assessment of the ostia of 
the sphenoid sinuses of Polish adult patients by the 
means of computed tomography (CT) imaging. The 
subgroup analysis was conducted in order to evaluate 
the possibility of existence of statistically significant 
differences between the particular dimensions of 
the ostia between males and females. To the best 
knowledge of the authors this is the first study that 
measures the distance between the medial margin 
of the sphenoid sinus ostia and the median line var-
ying with laterality of the sinuses, as well as provides 
a comparison of the distances between the lateral 
margin of the sphenoid sinus ostia and the antero-
lateral wall of the sinuses for the right and left sides, 
respectively.

MATERIALS AND METHODS
A total of 359 medical images of patients referred 

to the Department of Medical Imaging of the Univer-
sity Hospital in Krakow to undergo a CT scan were 
accessed by the researchers. The inclusion criteria 
for participation in this analysis were: age of the 
patients over eighteen years and no pathologies pres-

ent in the sphenoid sinuses. Excluded patients (63) 
had suffered from a head trauma or had undergone 
nasal, orbital or cranial basis surgery prior to the re-
search. The inclusion criteria were met by 296 patients  
(147 females, 149 males).

Spiral CT scanner Siemens Somatom Sensation 
16 was used in the standard procedure in the option 
Siemens CARE Dose 4D. None of the patients had  
a contrast medium administered. Having obtained 
the images in the transverse planes, secondary recon-
struction tool was applied — multiplans reconstruc-
tion — in order to glean images in the frontal and 
sagittal planes. Diagnostic station Siemens Volume 
Wizard was used in order to analyse the obtained 
data. 

The analysis of the obtained images involved the 
location and size of the sphenoid sinus ostia — in 
reference to the median line (the size was measured 
from the medial margin of the ostia to the median 
line). Furthermore, the distance between the right 
sphenoid sinus ostium and the left sphenoid sinus 
ostium (between the medial margins of the ostia) as 
well as the distance between the lateral margin of 
the sphenoid sinus ostia and the anterolateral wall 
of the sinuses were also studied.

Ethical approval

All procedures performed in studies involving hu-
man participants were in accordance with the ethical 
standards of the institutional and/or national research 
committee and with the 1964 Helsinki declaration and 
its later amendments or comparable ethical standards. 
For this type of study formal consent is not required.

statistical analysis

Statistical analysis in this study was conducted 
with the help of STATISTICA version 13.3 by TIBCO 
Software Inc®. Chi2 test, Mann-Whitney test, Wilcox-
on test and Fisher’s exact test were utilised whilst 
probing for differences between the presence of the 
particular recesses and gender. A statistically signifi-
cant value of p < 0.05 was chosen for all the results.

RESULTS
The average size of both sphenoid sinus ostia was 

0.31 cm for both genders (0.29 cm for females and 
0.33 cm for males). Statistically significant differences 
were found between the mean values for the sizes of 
sphenoid sinus ostia in females and males (p < 0.001, 
Mann-Whitney’s test; Table 1, Fig. 1).
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The average distance between the both sphenoid 
sinus ostia was 0.63 cm for both genders (0.62 cm 
for females, 0.65 cm for males). The mean value 
for the distance between the sphenoid sinus os-
tia did not differ significantly between the female 
and male groups (p = 0.480, Mann-Whitney’s test;  
Table 2, Fig. 2).

The average distance between the medial margin 
of the ostia and the median line was 0.32 cm for both 
genders (0.31 cm for females and 0.32 cm for males). 
No statistically significant differences were found 
between the mean values of the distances between 
the medial margin of the sphenoid sinus ostium and 
the median line of males and females (p = 0.498, 
Mann-Whitney test). The average aforementioned 
distance for the right sphenoid sinus was 0.30 cm  
(0.29 cm for females and 0.31 cm for males), whereas  
0.33 cm for the left sphenoid sinus (0.33 cm for 

females and 0.34 cm for males). Statistically signifi-
cant results were found between the laterality of the 
results for both genders (p = 0.003, Wilcoxon test) 
and for females (p = 0.006, Wilcoxon test). However 
there were no statistically significant results amongst 
the distance between the medial margin of the ostium 
and the median line for right and left male sinuses (p 
= 0.125, Wilcoxon test; Table 3, Fig. 3).

Equal distance between the medial margin of the 
sphenoid sinus ostia and the median line for both of 
the sinuses was found in 80 patients (41 females, 
39 males), whereas different distances between the 
right and left sides were found in the majority of 
the patients — 216 (106 females, 110 males). More-
over, the ostium comprised the direct extension of 
the sphenoethmoidal recess in the straight line (the 
distance from the medial margin of the ostium to 
the median line was zero) in 18 patients (6 females, 

Table 1. The sizes of the sphenoid sinus ostia (SSO) in centimetre

The size of the SSO [cm] Females Males Total

Mean ± standard deviation 0.29 ± 0.09 0.33 ± 0.09 0.31 ± 0.09

Median (Q1–Q3) 0.3 (0.2–0.35) 0.3 (0.25–0.4) 0.3 (0.2–0.4)

Minimum–maximum 0.1–0.5 0.1–0.6 0.1–0.6

Table 2. The distance between the sphenoid sinus ostia (SSO) in centimetre

The distance between the SSO [cm] Females Males Total

Mean ± standard deviation 0.62 ± 0.24 0.65 ± 0.31 0.63 ± 0.28

Median (Q1–Q3) 0.6 (0.4–0.8) 0.6 (0.5–0.8) 0.6 (0.4–0.8)

Minimum–maximum 0.1–1.4 0.1–1.8 0.1–1.8

Figure 1. A computed tomography scan of female paranasal sinus-
es, transverse plane. The measurement method of the size of the 
sphenoid sinus ostium (on the right side).

Figure 2. A computed tomography scan of male paranasal sinuses, 
transverse plane. The measurement method of the distance be-
tween two sphenoid sinus ostia.
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12 males): more frequently on the right side (12 pa-
tients: 4 females and 8 males) than on the left side 
(6 patients: 2 females and 4 males).

The frequency of the different/equal distances 
between the medial margin of the right and left 
sphenoid sinus ostia and the median line did not differ 
significantly between males and females (p = 0.740, 
χ2 test). In both female and male groups, the different 
distances comprised approximately 73% of the cases.

Statistically significant differences were found 
between the distribution of the frequency of the 
distance between the medial margin of the sphenoid 
sinus ostia on the right or left sides and the median 
line equal zero (p = 0.046, Fisher’s exact test; Fig. 4).

The average distance between the lateral margin 
of the sphenoid sinus ostia and the anterolateral wall 

of the sinuses was 0.9 cm for females, and 0.98 cm 
for males. The mean value for the distance between 
the lateral margin of the sphenoid sinus ostia and the 
anterolateral wall of the sinuses differed significantly 
between females and males (p = 0.001, Mann-Whit-
ney’s test; Table 4, Fig. 5).

Equal aforementioned distances for both of the 
sinuses were found in 64 patients (41 females, 23 
males), but they were predominantly different be-
tween the right and left sides — in 232 patients  
(106 females, 126 males).

The frequency of the different or equal distanc-
es between the lateral margin of the right and left 
sphenoid sinus ostia and the anterolateral wall of 
the sinuses varied significantly between the female 
and male groups (p = 0.009, χ2 test). The different 

Table 3. The distance between the medial margin of the sphenoid sinus ostia (SSO) and the median line in centimetre

The distance between the medial margin of the SSO and 
the median line [cm]

Females Males Total

Mean ± standard deviation 0.31 ± 0.12 0.32 ± 0.15 0.32 ± 0.14

Median (Q1–Q3) 0.3 (0.2–0.4) 0.3 (0.25–0.4) 0.3 (0.2–0.4)

Minimum–maximum 0–0.9 0–1 0–1

Table 4. The distance between the lateral margin of the sphenoid sinus ostia and the anterolateral wall of the sinuses in centimetre

The distance between the lateral margin of the sphenoid 
sinus ostium and the sinuses’ anterolateral wall [cm]

Females Males Total

Mean ± standard deviation 0.90 ± 0.20 0.98 ± 0.24 0.93 ± 0.23

Median (Q1–Q3) 0.85 (0.75–1.00) 0.95 (0.8–1.1) 0.9 (0.8–1.05)

Minimum–maximum 0.35–1.55 0.35–1.7 0.35–1.7

Figure 3. A computed tomography scan of male paranasal sinus-
es, transverse plane. The measurement method of the distance 
between the medial margin of the sphenoid sinus ostium and the 
median line.

Figure 4. A computed tomography scan of female paranasal sinus-
es, transverse plane. The left sphenoid sinus ostium comprises the 
direct extension of the sphenoethmoidal recess in the straight line, 
as pointed by the arrow (the distance between the medial margin 
of the ostium and the median line is equal zero).
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distances were noted more often in males (126/232 
cases, 54.3%), whereas the equal distances were more 
common in females (41/64 cases, 64.1%).

DISCUSSION
The average sizes of the sphenoid sinus ostia 

were equal in both genders. Moreover, they did not 
differ between the both sides of the main septum. 
They measured 0.35 cm on average in the range of 
0.1–0.6 cm.

Elwany et al. [7] provided the following sizes of 
the sphenoid sinus ostia: the mean of 0.52 cm, the 
smallest 0.2 cm and the biggest 0.7 cm, but in anoth-
er work they evaluated the mean size of the sinuses 
ostia as 0.28 cm [6]. This discrepancy may possibly 
be put down to the fact that in the second work the 
researchers stated the results only for the ostia de-
fined by them as round in shape (that comprised 72% 
of all the ostia researched by them), but they did not 
measure the ostia that were defined as oval in shape.

The average distance between the ostia of both 
of the sinuses was 0.6 cm for both genders (for fe-
males in the range of 0.1–1.4 cm and 0.1–1.8 cm for 
males). Similar results were obtained by Mutlu et al. 
[18], who evaluated the mean distance between the 
right and left sphenoid sinus ostia as 0.8 cm (in the 
range of 0.13–1.5 cm).

The average distance between the medial margin 
of the ostium and the median line was 0.46 cm for 
both genders (0.45 cm for females ranging from  
0 to 0.9 cm and 0.5 cm males in the range of 0–1 cm).  

Similar results were obtained by Elwany et al. [6] 
(endoscopic study of 93 cadavers), who provided the 
following results for the distances between the medial 
margin of the ostium and the median line: the aver-
age 0.52 cm, the smallest 0.14 cm and the biggest  
0.88 cm. On the contrary, different results were given 
by Sareen et al. [19] who noted the said distances 
as 0.2 cm on average (in the range of 0.1–0.4 cm). 
Nonetheless, the aforementioned scientists only stat-
ed the distance from the ostium (not mentioning the 
method of measurement of the point of the ostium 
— the medial margin, the lateral, or the central part 
of the ostium).

The same distance between the medial margin 
of the sphenoid sinus ostia and the medial margin 
for both of the sinuses was found in 27.03% of the 
patients (27.89% females, 26.17% males), whereas 
they were different in the majority of the patients 
— 72.97% (72.11% females, 73.83% males). Further-
more, the ostium comprised the direct extension of 
the sphenoethmoidal recess in the straight line (the 
distance from the medial margin of the ostium to the 
median line was equal zero) in 6.08% of the patients 
(4.08% females, 8.05% males): more often on the 
right side (4.05% patients: 2.72% females, 5.37% 
males) than on the left side (2.03% of the patients: 
1.36% females, 2.68% males). To the best knowledge 
of the authors, there were no studies found in the 
available literature regarding the measurement of the 
distance between the medial margin of the sphenoid 
sinus ostia and the median line as varying with lat-
erality of the sinuses.

The average distance between the lateral margin 
of the sphenoid sinus ostia and the anterolateral 
wall of the sinuses was 0.90 cm for females, and 
0.98 cm for males. In the total research group, the 
mean distance was 0.93 cm (ranging from 0.35 to 
1.7 cm). Similar results were obtained by Mutlu et al. 
[18], who evaluated the average distance between 
the lateral margin of the sphenoid sinus ostia and 
the anterolateral wall of the sinuses as 0.8 cm (in the 
range of 0.2–1.3 cm).

The same said distances for both of the sinuses 
were found in 21.62% of the patients (27.89% fe-
males, 15.44% males), whereas the distances differed 
between the right and left sides in the majority of 
the patients — in 78.38% (72.1% females, 84.56% 
males). To the best knowledge of the authors, there 
were no studies found in the available literature re-
garding the comparison of the distances between 

Figure 5. A computed tomography scan of male paranasal sinuses, 
transverse plane. The measurement method of the distance be-
tween the lateral margin of the ostium and the anterolateral wall  
of the sphenoid sinus.
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the lateral margin of the sphenoid sinus ostia and 
the anterolateral wall of the sinuses for the right and 
left sides, respectively.

Identification of the sphenoid sinus ostium is one 
of the first steps undertaken during the trans-sphe-
noidal endoscopic or microscopic approach that can 
be achieved in two ways: by utilising anatomical land-
marks close to the sinus (i.e. the sphenoethmoidal 
recess, upper turbinate, choanae and the sphenopala-
tine foramen) or by utilising landmarks located further 
from the sinus (namely the anterior nasal spine, the 
nasal floor and the nasal septum) [5]. The location of 
the ostium is usually close to the midline; however, it 
can be placed laterally to it by a few millimetres, and 
left and right ostia could possibly be placed on various 
horizontal levels [3], as shown by our analysis statis-
tically significant for the overall and female results 
for the distance between the medial margin of the 
sphenoid sinus ostium and the median line. Hence-
forth, a surgeon has to be vigilant at all times and get 
acquainted with the possible anatomical variants, so 
as to avoid potential iatrogenic complications of the 
skull base. Excessive inferolateral excision upon the 
entrance to the sphenoid sinus could possibly result in 
damaging the sphenopalatine artery and its posterior 
septal branches (that lie inferiorly to the sphenoid 
sinus ostium) and hence iatrogenic bleeding hard to 
stop [8]. It is also worth noting that precise knowledge 
of parasympathetic innervation pathway of the sphe-
noid and ethmoid sinus is still poorly understood by 
both students and medical professionals [4]. 

Extensive pneumatisation of the sphenoid sinus, 
namely in the form of the septal recess and/or the 
vomeral recess, might obstruct the access towards the 
sphenoid sinus by constricting the sphenoethmoidal 
recess [2]. The aforementioned recesses were found 
in 8.78% and 25.34% of the patients of Polish origin, 
respectively [12]. Twigg et al. [23] report that they 
were not able to identify the ostia preoperatively on 
CT scans in 25% of their cases and they put it down 
to the fact that its dimensions might have been too 
small for the volume of the slices obtained by the CT. If 
a surgeon encounters difficulties in finding the sphe-
noid sinus ostium intraoperatively, they usually opt 
for accessing it approximately 15 mm superiorly to 
the choanae, or else at the crossing of the inferior 1/3 
with the superior 2/3 of the superior turbinate [23].

The distance between the skull base and the os-
tium of the sphenoid sinus is of immense importance 
whilst widening the access to the sinus, especial-

ly with the cuts made superiorly. We would like to 
acknowledge Twigg et al. [23] in saying that the 
shorter the distance (the shortest distance measured 
by the said scientists was 2.7 mm), the higher the 
chance of iatrogenic injury and breaching the skull 
base that might lead to cerebrospinal fluid leakage 
and/or damage to the adjoining neurovascular and 
cerebral entities.

Henceforth, a detailed preoperative evaluation 
of the ostium of the sphenoid sinus is continuously 
warranted. Some of the most contemporary non-in-
vasive methods of assessment of the sinuses might 
be utilizing three-dimensional CT imaging [9] or vir-
tual dissection tables [21]. A surgeon might have  
a difficulty whilst attempting to find the ostium of the 
sphenoid sinus during a procedure and opt to use the 
C-arm fluoroscopy, but applying the aforementioned 
modern techniques might help diminish its intraop-
erative use [9]. CT scanning has superseded the use 
of lateral cephalometric radiographic evaluations, but 
the latter is still used in orthodontics [20].

Limitations of the study

This study has its limitations, as the only potential-
ly confounding factor that could have influenced the 
results that was evaluated in this research was gender. 
Unfortunately, due to the scarce number of patients 
of a younger age (i.e. in the second, third and fourth 
decade of life), compared to the older participants, 
prevented us from reliably evaluating the potential 
effect of age upon the dimensions of the sphenoid 
sinus’ ostia. Bearing in mind that the pneumatisation 
of the sphenoid sinuses is most commonly terminated 
in the third decade of life [25] it is plausible that the 
yet continued aeration process in patients in their 
20s could lead to greater measurements if the CT 
scan was taken in the same person a few years later. 
Undoubtedly this aspect requires further research in 
a study that would recruit an objective proportion of 
patients across all ages.

CONCLUSIONS
The current study has found that the average size 

of both of the sphenoid sinus ostia was 0.31 cm, the 
average distance between them was 0.6 cm, and the 
average distance between the medial margin of the 
ostium and the median line was 0.32 cm for both 
genders. Intraoperative identification of the sphe-
noid sinus ostia might prove difficult due to the vast 
anatomical variety surrounding this anatomical entity 



700

Folia Morphol., 2022, Vol. 81, No. 3

and their inadequate excision might lead to potential 
iatrogenic complications, hence detailed anatomical 
descriptions are still warranted for specific populations 
in order to perform safe and effective procedures.

Acknowledgements

The authors would like to express their sincere 
gratitude to Mr Jacenty Urbaniak for the technical 
support.

Conflict of interest: None declared

REFERENCES
1. Ahmadipour Y, Lemonas E, Maslehaty H, et al. Critical anal-

ysis of anatomical landmarks within the sphenoid sinus for 
transsphenoidal surgery. Eur Arch Otorhinolaryngol. 2016; 
273(11): 3929–3936, doi: 10.1007/s00405-016-4052-z, 
indexed in Pubmed: 27101471.

2. Beale TJ, Madani G, Morley SJ. Imaging of the paranasal 
sinuses and nasal cavity: normal anatomy and clinically 
relevant anatomical variants. Semin Ultrasound CT MR. 
2009; 30(1): 2–16, doi: 10.1053/j.sult.2008.10.011, in-
dexed in Pubmed: 19388234.

3. Campero A, Emmerich J, Socolovsky M, et al. Microsurgi-
cal anatomy of the sphenoid ostia. J Clin Neurosci. 2010; 
17(10): 1298–1300, doi: 10.1016/j.jocn.2010.02.019, 
indexed in Pubmed: 20619658.

4. Carvey M, Baek W, Hage R. Bridging the divide: The widening 
gap between basic science and clinical research. Transl Res 
Anat. 2021; 24: 100117, doi: 10.1016/j.tria.2021.100117.

5. Ecevit MC, Zeybek G, Kiray A, et al. Sphenovomerine su-
ture: a useful landmark for locating sphenoid sinus ostium. 
J Craniofac Surg. 2015; 26(1): 264–267, doi: 10.1097/
SCS.0000000000001219, indexed in Pubmed: 25490575.

6. Elwany S, Elsaeid I, Thabet H. Endoscopic anatomy of the 
sphenoid sinus. J Laryngol Otol. 1999; 113(2): 122–126, 
doi: 10.1017/s0022215100143361, indexed in Pubmed: 
10396560.

7. Elwany S, Yacout YM, Talaat M, et al. Surgical anatomy of the 
sphenoid sinus. J Laryngol Otol. 1983; 97(3): 227–241, doi: 
10.1017/s0022215100094056, indexed in Pubmed: 6833847.

8. García-Garrigós E, Arenas-Jiménez JJ, Monjas-Cánovas I, 
et al. Transsphenoidal approach in endoscopic endona-
sal surgery for skull base lesions: what radiologists and 
surgeons need to know. Radiographics. 2015; 35(4): 
1170–1185, doi: 10.1148/rg.2015140105, indexed in 
Pubmed: 26046941.

9. Göçmez C, Göya C, Hamidi C, et al. Evaluation of the surgical 
anatomy of sphenoid ostium with 3D computed tomogra-
phy. Surg Radiol Anat. 2014; 36(8): 783–788, doi: 10.1007/
s00276-013-1245-7, indexed in Pubmed: 24357354.

10. Jaworek-Troć J, Iwanaga J, Chrzan R, et al. Anatomical 
variations of the main septum of the sphenoidal sinus 
and its importance during transsphenoidal approaches to 
the sella turcica. Transl Res Anat. 2020; 21: 100079, doi: 
10.1016/j.tria.2020.100079.

11. Jaworek-Troć J, Walocha JA, Chrzan R, et al. Protrusion of 
the carotid canal into the sphenoid sinuses: evaluation 
before endonasal endoscopic sinus surgery. Folia Morphol. 

2021; 80(3): 642–649, doi: 10.5603/FM.a2020.0086, 
indexed in Pubmed: 32789847.

12. Jaworek-Troć J, Walocha JA, Loukas M, et al. Extensive pneu-
matisation of the sphenoid bone: anatomical investigation 
of the recesses of the sphenoid sinuses and their clinical 
importance. Folia Morphol. 2021; 80(4): 935–946, doi: 
10.5603/FM.a2020.0120, indexed in Pubmed: 33084012.

13. Jaworek-Troć J, Zarzecki M, Bonczar A, et al. Sphenoid 
bone and its sinus - anatomo-clinical review of the litera-
ture including application to FESS. Folia Med Cracov. 2019; 
59(2): 45–59, doi: 10.24425/fmc.2019.128453, indexed 
in Pubmed: 31659348.

14. Jaworek-Troć J, Zarzecki M, Mróz I, et al. The total number 
of septa and antra in the sphenoid sinuses - evaluation 
before the FESS. Folia Med Cracov. 2018; 58(3): 67–81, doi: 
10.24425/fmc.2018.125073, indexed in Pubmed: 30521512.

15. Jaworek-Troć J, Zarzecki M, Zamojska I, et al. The height 
and type of the main septum in the sphenoid sinuses — 
evaluation before the fess. Folia Med Cracov. 2020; 60(3): 
65–74, doi: 10.24425/fmc.2020.135796.

16. Jaworek-Troć J, Zarzecki M, Zamojska I, et al. The di-
mensions of the sphenoid sinuses: evaluation before the 
functional endoscopic sinus surgery. Folia Morphol. 2021; 
80(2): 275–282, doi: 10.5603/FM.a2020.0059, indexed in 
Pubmed: 32488857.

17. Krzeski A, Osuch-Wójcikiewicz E, Szwedowicz P, et al. 
Chirurgia endoskopowa w leczeniu guzów jam nosa  
i zatok przynosowych. Mag ORL. 2004; 3(3): 79–84.

18. Mutlu C, Unlu HH, Goktan C, et al. Radiologic anatomy 
of the sphenoid sinus for intranasal surgery. Rhinology. 
2001; 39(3): 128–132, indexed in Pubmed: 11721501.

19. Sareen D, Agarwal AK, Kaul JM, et al. Study of sphenoid sinus 
anatomy in relation to endoscopic surgery. Int J Morphol. 
2005; 23(3), doi: 10.4067/s0717-95022005000300012.

20. Sinha S, Shetty A, Nayak K. The morphology of sella tur-
cica in individuals with different skeletal malocclusions:  
a cephalometric study. Transl Res Anat. 2020; 18: 100054, 
doi: 10.1016/j.tria.2019.100054.

21. Stecco A, Boccafoschi F, Falaschi Z, et al. Virtual dissection 
table in diagnosis and classification of Le Fort fractures: 
A retrospective study of feasibility. Transl Res Anat. 2020; 
18: 100060, doi: 10.1016/j.tria.2019.100060.

22. Tesfaye S, Hamba N, Gerbi A, et al. Radio-anatomic varia-
bility in sphenoid sinus pneumatization with its relation-
ship to adjacent anatomical structures and their impact 
upon reduction of complications following endonasal 
transsphenoidal surgeries. Transl Res Anat. 2021; 24: 
100126, doi: 10.1016/j.tria.2021.100126.

23. Twigg V, Carr SD, Balakumar R, et al. Radiological features 
for the approach in trans-sphenoidal pituitary surgery. 
Pituitary. 2017; 20(4): 395–402, doi: 10.1007/s11102-
017-0787-9, indexed in Pubmed: 28154960.

24. Vidić B. The postnatal development of the sphenoidal sinus 
and its spread into the dorsum sellae and posterior clinoid 
processes. Am J Roentgenol Radium Ther Nucl Med. 1968; 
104(1): 177–183, doi: 10.2214/ajr.104.1.177, indexed in 
Pubmed: 5672763.

25. Yonetsu K, Watanabe M, Nakamura T. Age-related expan-
sion and reduction in aeration of the sphenoid sinus: vol-
ume assessment by helical CT scanning. Am J Neuroradiol. 
2000; 21(1): 179–182, indexed in Pubmed: 10669247.

http://dx.doi.org/10.1007/s00405-016-4052-z
https://www.ncbi.nlm.nih.gov/pubmed/27101471
http://dx.doi.org/10.1053/j.sult.2008.10.011
https://www.ncbi.nlm.nih.gov/pubmed/19388234
http://dx.doi.org/10.1016/j.jocn.2010.02.019
https://www.ncbi.nlm.nih.gov/pubmed/20619658
http://dx.doi.org/10.1016/j.tria.2021.100117
http://dx.doi.org/10.1097/SCS.0000000000001219
http://dx.doi.org/10.1097/SCS.0000000000001219
https://www.ncbi.nlm.nih.gov/pubmed/25490575
http://dx.doi.org/10.1017/s0022215100143361
https://www.ncbi.nlm.nih.gov/pubmed/10396560
http://dx.doi.org/10.1017/s0022215100094056
https://www.ncbi.nlm.nih.gov/pubmed/6833847
http://dx.doi.org/10.1148/rg.2015140105
https://www.ncbi.nlm.nih.gov/pubmed/26046941
http://dx.doi.org/10.1007/s00276-013-1245-7
http://dx.doi.org/10.1007/s00276-013-1245-7
https://www.ncbi.nlm.nih.gov/pubmed/24357354
http://dx.doi.org/10.1016/j.tria.2020.100079
http://dx.doi.org/10.5603/FM.a2020.0086
https://www.ncbi.nlm.nih.gov/pubmed/32789847
http://dx.doi.org/10.5603/FM.a2020.0120
https://www.ncbi.nlm.nih.gov/pubmed/33084012
http://dx.doi.org/10.24425/fmc.2019.128453
https://www.ncbi.nlm.nih.gov/pubmed/31659348
http://dx.doi.org/10.24425/fmc.2018.125073
https://www.ncbi.nlm.nih.gov/pubmed/30521512
http://dx.doi.org/10.24425/fmc.2020.135796
http://dx.doi.org/10.5603/FM.a2020.0059
https://www.ncbi.nlm.nih.gov/pubmed/32488857
https://www.ncbi.nlm.nih.gov/pubmed/11721501
http://dx.doi.org/10.4067/s0717-95022005000300012
http://dx.doi.org/10.1016/j.tria.2019.100054
http://dx.doi.org/10.1016/j.tria.2019.100060
http://dx.doi.org/10.1016/j.tria.2021.100126
http://dx.doi.org/10.1007/s11102-017-0787-9
http://dx.doi.org/10.1007/s11102-017-0787-9
https://www.ncbi.nlm.nih.gov/pubmed/28154960
http://dx.doi.org/10.2214/ajr.104.1.177
https://www.ncbi.nlm.nih.gov/pubmed/5672763
https://www.ncbi.nlm.nih.gov/pubmed/10669247


Folia Morphol. 
Vol. 81, No. 3, pp. 701–706

DOI: 10.5603/FM.a2021.0077
Copyright © 2022 Via Medica

ISSN 0015–5659
eISSN 1644–3284

journals.viamedica.pl

O R I G I N A L    A R T I C L E

701

Address for correspondence: Dr. A. Alsweed, Saudi Board of Paediatric Dentistry, Saudi Commission for Health Specialties, Riyadh,  
Kingdom of Saudi Arabia, e-mail: A.alswed@gmail.com

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download 
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

Elongation pattern of styloid process in  
Saudi population: a factor to remember  
in the prevention of Eagle syndrome
A. Alsweed1 , B.M. Almutairi2

1Saudi Board of Paediatric Dentistry, Saudi Commission for Health Specialties, Riyadh, Kingdom of Saudi Arabia 
2Department of Oral and Maxillofacial Surgery and Diagnostic Sciences, College of Dentistry in Ar Rass, Qassim 
University, Saudi Arabia

[Received: 3 June 2021; Accepted: 27 July 2021; Early publication date: 3 August 2021]

Background: The aim of this study is to determine the prevalence of styloid 
process (SP) patterns in Saudi population.
Materials and methods: This retrospective, cross-sectional study included 2010 
digital panoramic radiographs (PRs) selected randomly for adult patients who 
visited five major hospitals in the Qassim region, Saudi Arabia, PRs were examined 
to detect any SP elongation. Data were collected and analysed using SPSS v22.
Results: In this study, positive SP elongation was seen in 25.4% of the total cas-
es, 14.2% and 11.2% male and female, respectively. The mean age was 34.3 ±  
± 13.9 years. Type I was found in 19.1%, type II in 1.7%, and type III in 4.6% of 
the cases. Normal SP was seen in 74.7%. Patients between 30 and 50 years were 
significantly more affected with type I pattern. Normal SP was reported mostly in 
the youngest age group 18–24 years, in 31% of total cases.
Conclusions: Styloid process has many patterns and variations that could be 
detected on digital PRs taken daily in most of dental clinics. Dentists should be 
trained to detect patients with such variation so that signs associated with Eagle 
syndrome are not misinterpreted. (Folia Morphol 2022; 81, 3: 701–706)

Key words: elongated styloid process, eagle syndrome, panoramic 
radiograph

INTRODUCTION
X-ray considers the window that views all activ-

ities of the human body, either normal anatomy of 
the body or abnormal, physiological or pathologi-
cal activities. One of the of X-ray divisions is ortho-
pantomogram or panorama radiography which is 
a radiologic technique that provides an overview 
of the jaws and surrounding structures [23]. Pan-
oramic radiographs (PRs) enable the dentist to see  
a wide area of the maxilla and mandible [24, 25]. It 

is considered one of the best imaging modalities to 
view the styloid process (SP) bilaterally [26]. The SP 
is a cylindrical bone that emerges from the tempo-
ral bone in front of the stylomastoid foramen. It is 
usually around 25 mm in length, but it can vary from 
person to person, and even within the same person, 
from side to side [27]. Elongated SP has been exam-
ined in several populations by distinctive methods 
and techniques, either advanced or traditional. Wide 
variation prevalence of SP elongation was noted, 
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extending from 4% to 30% [33]. Elongated SP comes 
usually with no symptoms. Eagle et al. [8] reported 
only 4% to 10.3% symptomatic cases characterising 
Eagle syndrome also known as styloid syndrome. 
Eagle syndrome symptoms may include throat pain 
or foreign body sensation, dysphagia, or facial pain. 
It may also cause neck or throat pain that radiate 
to the ipsilateral ear [9]. The cause is unknown, but 
several hypotheses have been proposed, including 
congenital elongation due to the persistence of an 
embryonic cartilaginous outgrowth, calcification of 
the stylohyoid ligament, and development of bone 
tissue at the ligament’s insertion [10, 28]. SP can  
be assessed using an anatomical structure. An elon-
gated SP and calcification of the stylohyoid ligament 
can be detected with proper clinical and radiographic 
examination [25]. This aim of this study is to deter-
mine the prevalence of SP patterns in Saudi popu-
lation.

MATERIALS AND METHODS
This retrospective, cross-sectional study included 

2010 digital PRs selected randomly for adult patients 
who visited five major hospitals in the Qassim re-
gion (Qassim University Dental Hospital, King Fahd 
Specialist Hospital, Buraydah Central Hospital, King 
Saud Hospital, and Alrass General Hospital) for den-

tal treatment between January 2017 and December 
2017. From a diagnostic standpoint, the included 
digital radiographs had to be adequate, with op-
timum contrast and density and no distortion or 
obscuring structure. Poor-quality radiographs with 
insufficient exposure times or incorrect angulations 
were removed from this study. All digital radiographs 
for adult patients that met the study’s criteria were 
examined extensively, and the patients’ demographic 
details, such as gender and age, were registered. 
Patient information was kept private. 

The radiographs were collected from the hospitals’ 
digital archives and imported into the College of Den-
tistry at Qassim University, Radiology Department’s 
computer system, where they were then displayed. 
Advanced digital radiograph imaging software  
(DIGORA® for Windows 2.7; SOREDEX) was used to 
examine them.

A single professional oral and maxillofacial radiol-
ogist reviewed and interpreted all of the radiographs. 
In a darkened room, all of the radiographs were inves-
tigated on the same 21-inch LCD monitor resolution 
(1920 × 1200 at 60 Hz); the same environmental 
conditions prevailed during the examination of all 
of the radiographs (Figs. 1–4). Each original digital 
image was magnified using the software’s magnifi-
cation feature, then manipulated by the examiner 

Figure 1. Radiograph show type 0 elongated styloid process. Figure 2. Radiograph show type 1 elongated styloid process.
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to improve the image’s contrast and brightness to 
provide the clearest image in the examined areas.

Sample divided into 1209 and 801 male and fe-
male, respectively. They were aged between 20 and 75 
years. Data were collected regarding age, gender and 
SP morphology based on Langlais’ classification [19] 
which classifies the pattern of SP to three types (Table 1). 

statistical analysis

Data was analysed using the statistical package 
SPSS 22.0 (SPSS Inc., Chicago, IL) and level of sig-
nificance was set at p < 0.05. Inferential statistics 
was done using χ2 test. The analysis using χ2 test for 
proportion was done for two variables (age and gen-
der) against the proportion of participants in various 
patterns of SP elongation.

RESULTS
Evaluating the SP for 2010 PRs divided into 1209 

and 801 male and female, respectively. Sample age 
ranged between 20 and 75 years with a mean of  
34.3 ± 13.9 years. The prevalence of type I elonga-
tion pattern (uninterrupted integrity of SP) was 382 
(19.1%) cases, of them, 207 and 176 were male and 
female, respectively (Fig. 2). The mean age of positive 
type I is 38 ± 13.9 years.

Type II (pseudoarticulation pattern) showed in 
only 34 (1.7%) cases, of them, 18 and 16 were male 
and female, respectively, with mean age 35 ± 13.9 
years (Fig. 3). Type III was present by 92 (4.6%) cases 
divided into 60 and 32 male and female, respectively, 
with mean age 37 ± 13.9 years (Fig. 4). Normal SP 
(non-elongated SP; the tip of the process does not 

Table 1. Types of elongated styloid process according to combined Langlais and modified MacDonald-Jankowski classifications [19] 

Type Characteristics

Type 0 (normal) Non elongated styloid process; the tip of the process does not cross the mid portion of mandible body

Type 1 (elongated) Uninterrupted styloid process; the tip of the process crosses the mid portion of mandibular body

Type 2 (pseudo-segmented) The styloid process is apparently joined to the mineralised stylomandibular or stylohyoid ligament by a single  
pseudoarticulation, which is usually located superior to a level tangential to the inferior border of the mandible

Type 3 (segmented) Two or more segments are seen, with interruptions either above or below the level of the inferior border of the mandible

Figure 3. Radiograph show type 2 elongated styloid process. Figure 4. Radiograph show type 3 elongated styloid process.
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cross the mid portion of mandible body) was showed 
in 1502 (74.8%), of them, 924 male and 578 female 
(Fig. 1). Although statistical analysis reported that 
there was no statistical significance in gender cate-
gories against the proportion of various patterns of 
SP elongation (p = 0.82, X2 = 0.915).

Statistical analysis between categories of age 
against the proportion of various patterns of SP 
elongation was found to be statistically significant  
(p = 0.026*, X2 = 18.80).

The analysis within all age/gender category against 
the proportion of various patterns of SP elongation 
reported to be statistically significant (p = 0.001*).

Patients between 26 and 40 years were more 
affected with type I pattern (p = 0.001*). The least 
pattern prevalence was type II pattern, it was only 
seen in 3.6%. Type III was most commonly seen in 
26–40 age group with total percentage 7.4%. Normal 
SP was reported mostly in the youngest age group 
18–24 years with 626 cases (p = 0.001*) (Table 2).

DISCUSSION
Styloid process term is derived from the Greek 

word “Stylos” which mean a pillar. It’s a cylindrical 
bone originated from the temporal bone frontal to 
the stylomastoid foramen [27]. The anatomy of styloid 
complex includes SP of the temporal bone, stylohyoid 
ligament and lesser horn of the hyoid bone. SP can be 
described as slender, pointed, bony projection from 
the inferior aspect petrous temporal bone. Usually, its 
length ranges from a few millimetres to an average 
of 2.5 cm. Its proximal part is unsheathed by the tym-
panic plate, while muscles and ligaments are attached 
to its distal part [22, 29]. SP had been classified by 
Langlais according to the type of elongation. Langlais 
classified the SP elongation to three types of complex-
es. Type I, elongated; type II, pseudoarticulated; and 
type III, segmented [19].

The diagnosis of elongation of SP were done de-
pending on PRs by many studies including Asutay et 
al. [1] on East Eagean, Gracco et al. [11] on Italian, 
Hettiarachchi et al. [12] on Sri Lanken population, 
Vieira et al. [34] on Brazilian and Sakhdari et al. [30] 
on Iranian. Other studies had evaluated the SP elon-
gation based on dry skulls, including Vadgaonkar et 
al. [33] on Indian, Sakaew et al. [32] on Thai, Custo-
dio et al. [5] on Brazilian, Natsis et al. [20] on Greek. 
In Poland, Iwańczyk et al. [13] published a study of  
2 cases were having glomerulonephritis and diag-
nosed with Eagle syndrome by panoramic radiograph.

Cone beam computed tomography can be used as 
an advanced diagnostic tool to assess the SP pattern, 
Buyuk et al. [4], Donmez et al. [7], and Öztunç et al, 
[21] used it on Turkish population, Kailasam et al [14], 
and Ramadoss and Sha [31] on Indian population, 
Khairallah [15], used it on Lebanese population, An-
drei et al. [2] used it on Romanian population, Czajka 
et al. [6] used it in Polish cases.

The normal length of SP ranges between 20 to 
30 mm, below 20 mm is considered as short SP [16], 
while many studies suggest that SP should be con-
sidered elongated when it is longer than 30 mm  
[3, 17, 18, 30, 32]. Although, there is limited num-
ber of studies considering the SP elongated when it 
exceeds 45 mm [35].

This study found the prevalence of elongated SP in 
36.8% of total samples, all 36.8% have SPs lengthen-
ing more than 30 mm and crossing the mid portion 
of mandibular body. While 56.6% of the samples 
had normal length SPs ranging 20–30 mm and the 
tip of the process did not cross the mid portion of 
mandible body.

In the present study, men were slightly more af-
fected with different pattern of SPs, although no 
significant difference were proven considering male 
to female sample number (p = 0.82, X2 = 0.915).

Table 2. Descriptive analysis of variables

Variables Category Number and 
percentage

Styloid process pattern Chi-square 
value 

P value Chi-square 
value 

P value

Type I Type II Type III Type 0

Gender Male 60.1% (1209) 17.2% (207) 1.6% (18) 5% (60) 76.2% (924) 0.915 0.82 60.56 0.001*

Female 39.8% (801) 22% (176) 2 % (16) 4% (32) 72% (578) 57.76 0.001*

Age group 18–25 35.4% (712) 10.3% (73) 0.6% (4) 1.3% (9) 88% (626) 18.80 0.026* 83.26 0.001*

26–40 31.0% (624) 29.1% (181) 2.4% (15) 7.4% (46) 61% (382) 42.11 0.001*

41–54 23.5% (473) 18.7% (88) 2% (10) 6.2% (29) 73% (346) 54.04 0.001*

≥ 55 10.1 (204) 20% (41) 2.3% (5) 4% (8) 74% (150) 59.60 0.001*

*P < 0.05 is statistically significant
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Investigation showed 293 out of 879 cases with 
unilateral elongated SPs while bilateral was report-
ed in 586 cases. This is consisted with other studies 
including Sakhdari et al. [30] and Vieira et al. [34].

Further studies using computed tomography or 
cone-beam computed tomography for a three-dimen-
sional evaluation of the SP are required to investigate 
in specific the prevalence of different pattern SP in 
Qassim population, Saudi Arabia.

CONCLUSIONS
Styloid process has many patterns and variations 

that could be detected on digital PRs taken daily in 
most of dental clinics. Elongated SP may often be 
asymptomatic, they can only be diagnosed coinci-
dentally by routine PRs. Dentists should be trained to 
detect patients with such variation so that signs asso-
ciated with Eagle syndrome are not misinterpreted.

Conflict of interest: None declared
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Background: Piriform aperture is anterior opening of the nasal cavity formed by 
bones of the viscerocranium and knowledge about differences between genders 
is important for forensic scientists, anthropologists, orthopaedists, neurosurgeons 
and vascular surgeons. The aim of this study was to examine gender differences 
of piriform aperture on three-dimensional (3D) models of human skulls originating 
from Bosnian population using the geometric morphometric method.
Materials and methods: The study was conducted on 211 3D models of human 
skulls of known gender. 3D models were obtained by laser scanning. We ana-
lysed the gender differences of piriform aperture using geometric morphometrics 
method. On 3D models we marked four landmarks on piriform aperture in the 
Landmark Editor programme, after which we analysed its gender differences in 
MorphoJ programme.
Results: The first principal component analysis axis described 40.398% of total 
variability of piriform aperture. The greatest gender variability was present in the 
position of the landmark rhinion. Discriminant functional analysis of the shape 
and size of the piriform aperture allowed the gender determination with 64.03% 
accuracy for male and 70.83% accuracy for female gender. The size of the piriform 
aperture showed a statistically significant difference between genders. Discrimi-
nant functional analysis of the shape of the piriform aperture without affecting 
size enabled gender determination with 59.71% accuracy for male and 62.5% 
accuracy for female. 
Conclusions: Analysis showed statistically significant differences in the shape and 
size of piriform aperture between genders. The accuracy for gender determination 
based on piriform aperture was higher in females. (Folia Morphol 2022; 81, 3: 
707–714)

Key words: sex determination, human skull, nasal region, geometric 
morphometry
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INTRODUCTION
Differences between male and female human 

skull are expressed in size and shape. One of the 
parts where sexual dimorphism is expressed is the 
piriform aperture which is anterior opening of the 
nasal cavity [27].

Classical methods and geometric morphometrics 
method are used to examine sexual dimorphism in 
the human skull [17].

Even geometric morphometric analysis of the 
shape and size of skeletal remains for gender deter-
mination is a relatively young; it is very interesting 
method for determination of the gender. The idea 
of digitising skeletal remains, producing three-di-
mensional (3D) models of them, dates back to 1980 
where large number of authors around the world 
used this methodology [17].

Bigoni et al. [6] studied geometric morphometry in 
the study of the sexual dimorphism of human skulls 
and found the largest differences between skulls of 
different genders in the upper part of the face and 
in the form of the midsagittal line.

Franklin et al. [11] conducted several studies of 
sexual dimorphism on skulls from the South African 
region using geometric morphometry. Thus, in 2006, 
they conducted a study on Bantu Negroid South Af-
rican populations using special software to analyse 
the morphological characteristics of skulls of different 
genders. The authors concluded that maximal lateral 
projection of zygomatic arches (bizigomatic width) is 
the best diameter for gender determination with 87% 
accuracy [11]. In 2007, they used geometric morpho-
metrics method for morphological differences on 298 
skulls of Bantu-speaking individuals and Khoisan and 
concluded that Khoizan group skulls had a pentag-
onal vault, a more round forehead, a small face and 
less prognathion than the skulls of individuals from 
the Bantu speaking area. On the other side, the skulls 
of individuals from different Bantu-speaking popu-
lations had similarities (they are brachycephalic and 
the mandible prognathion is less pronounced) [12]. 
In the same year, the sexual dimorphism of subadult 
mandibles was investigated by geometric morphom-
etry. The results of this study showed that there was 
no gender difference in the size and shape of the 
subadult mandibles [14]. In 2008, using geometric 
morphometry, they investigated sexual dimorphism 
on mandibles of 225 skulls of known gender and 
age from five local populations of South Africa [13].

Kimmerle et al. [20] used geometric morphometry 
in their study of sexual dimorphism of the skulls and 
concluded that skull appearance was impacted by 
gender, regardless of race, while skulls of different 
size but of the same gender are not different in mor-
phological characteristics.

Gonzalez et al. [16] studied sexual dimorphism 
on 125 images of skulls recorded with an Olympus 
SP-350 digital camera, which monitored 12 anthro-
pometric points and 25 semilandmarks located in the 
glabella, mastoid, frontal, and zygomatic regions. 
They concluded that male skulls are larger and more 
robust than female skulls.

Chovalopoulou et al. [8] conducted several studies 
of the sexual dimorphism of the human skull using ge-
ometric morphometry, and in 2013 they investigated 
sexual dimorphism in the palate and at the base of the 
skull, in 2016 they analysed the sexual dimorphism of 
the craniofacial form [7]. In the same year, the same 
group of authors analysed the sexual dimorphism 
of the cranial vault and the mediosagittal line of the 
skull using geometric morphometrics method [9].

MATERIALS AND METHODS
The study included 211 human macerated and 

degreased skulls from Bosnian population, known 
gender (139 male skulls and 72 female skulls) and 
known age belonging to the Osteological Collection, 
Medical Faculty of Sarajevo.

All skulls of the tested simple were scanned us-
ing an HP 3D Structured Light Scanner Pro S2 after 
calibrating the scanner according to the manuscript 
for authors to obtain 3D skull models to perform 
geometric morphometric analysis of cranial sexual 
dimorphism. On the obtained 3D models of the tested 
skulls in the special programme Landmark Editor, we 
marked the clearly defined anthropometric points 
named also landmarks on the piriform aperture of 
each tested skull. For each examined skull, we marked 
four landmarks on the piriform aperture, two non- 
-paired and one paired, whose names and their po-
sition on the skull are given in Table 1.

Table 1. Anthropometric points (landmarks) of piriform aperture 

Anthropometric points Position

Apertion Most lateral point on the piriform aperture

Akanthion Point on the anterior nasal spine

Rhinion Point on the top of piriform aperture
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From the above programme we exported data for 
each individual skull in the form of NTSYS format, 
which had information about position of landmarks 
in the coordinate system, which were used for analyse 
the shape of the piriform aperture in a programme 
specially created for that called MorphoJ.

statistical analysis

The analysis of the shape of the piriform aperture 
was performed in the MorphoJ programme (Klingen-
berg 2011) in which we conducted a series of statisti-
cal analyses that give us the results of our study. The 
overall variability in the shape of the piriform aperture 
over the entire sample was examined by principal 
component analysis (PCA). Using Prokrust’s analysis, 
the variation that may arise from differences in piri-
form aperture size, orientation, or positioning during 
digitisation was eliminated, leaving only information 
related to differences in shape. To determine the dif-
ferences in the form of piriform aperture between the 
genders, Mahalanobis and Prokrust distances were cal-
culated and compared by permutation tests with 1000 
permutations. PCA analyses the differences in mean 
of form of piriform aperture between the genders.

The next step was data processing using univar-
iate analysis (ANOVA) and multivariate analysis —  
MANOVA. A discriminant analysis was also performed 
to compare the differences between male and female 
skulls and a validation test in MorphoJ comparing 
the piriform aperture forms of the two groups. In 
this way, even minimal gender differences can be 
visualised and observed. The STATISTICA for Windows 
8 and MorphoJ (Klingenberg, 2011) were used in this 
study. The results of the study are presented using 
figures and tables.

RESULTS
Gender differences in the size and shape of the 

piriform aperture of the skull is shown by the prin-
cipal components PC1 and PC2 where the largest 
variability was showed by the first component PC1 
with 40.398% of variability, while the second com-
ponent PC2 showed 36.871% of variability (Table 2) 
and patterns of charge in the shape of the piriform 
aperture described by the PC1 component is shown 
on Figure 1. Figure 2 shows the differentiation of the 
piriform aperture between genders by the first and 
second PC axes.

When we determine a statistically significant gen-
der difference in the shape and size of the piriform 

aperture, we performed a test of correct classifica-
tion, discriminant functional analysis. The calculated 
Procrust distance was 0.037 and the p value with 
permutation tests of 1000 repetitions was less than 
0.0001, which shows a statistically significant gen-

Table 2. Eigenvalues and percentage variability of shape and 
size of piriform aperture 

PC Eigenvalues Percentage of 
variability

Cumulative percentage 
of variability

1 0.00325091 40.398% 40.398%

2 0.00296712 36.871% 77.269%

3 0.00182927 22.731% 100.000%

PC — principal component

Figure 2. Position of the skulls of the test specimen based on dif-
ferences in shape and size of the piriform aperture in the morpho-
logical space; M — men; Z — women.
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Figure 1. Patterns of change in the shape of the piriform aperture 
described by the PC1 component (the blue circles represent the 
mean values of the specific points and the lines the direction and 
intensity of their changes). 
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Table 3. Gender predictability based on shape and size of piri-
form aperture

Predictability of the gender Total

Shape  
and size

Shape  
and size

Gender Male 89 50 139

Female 21 51 72

Total 110 101 211

The colours to indiate the difference between male and female sex, which is accurately 
determited.

Table 4. Eigenvalues and percentage variability of the form of 
piriform aperture 

PC Eigenvalues Percentage of 
variability

Cumulative percentage 
of variability

1  0.00308146 39.628% 39.628%

2  0.00296485 38.128% 77.756%

3  0.00172970 22.244% 100.000%

PC — principal component

Figure 4. Influence of the size of piriform aperture on gender differ-
ences of the shape of piriform aperture; M — men; Z — women.

Figure 3. Discriminant functional analysis of gender differences of 
form of piriform aperture; M — men; Z — women.
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der difference in the shape and size of the piriform 
aperture. 

Of the 139 male skulls, 89 were classified correct-
ly as male skulls by the classification test, while 50 
were classified as female skulls, representing 64.03% 
accuracy (Table 3).

A test of correct classification of a total of 72 fe-
male skulls 51 were classified as female skulls, while 
21 female skulls were classified as male skulls and 
predictability for female gender was 70.83% accuracy 
(Table 3).

The results of discriminant functional analysis of 
the influence of the shape and size of the piriform 
aperture on the sexual dimorphism of the skulls of 
the examined sample are shown in Figure 3.

After the test of correct classification, a regression 
analysis was performed in the MorphoJ programme, 
where we examined the influence of the size of piri-
form aperture on its shape. Mean values of the size 
of this region are presented as centroid size where 
the effect of size was 3.3712% which showed sta-
tistically significant effect (p < 0.0001, with 10,000 
repetitions).

The influence of the size of the piriform aperture 
and the separation of the skulls in the morphological 
space conditioned by the size of the piriform aperture 
is shown on Figure 4.

After excluding the effect of size on the shape 
of the piriform aperture, we calculated the principal 
components again where the first two principal com-
ponents describe 26.528% of the total variability in 
the shape of the piriform aperture (Table 4).

A gender difference analysis of the shape of piri-
form aperture was performed without affecting the 
size of this region, using a test of correct classification. 
The difference between the mean values expressed as 
Prokrust distance was 0.027. The p value with permu-
tation test with 1000 repetitions was less than 0.004, 
showing a statistically significant sex difference in the 
shape of the piriform aperture without affecting its 
size on the shape (Fig. 5).

The test of correct classification was out of 139 
male skulls, 83 correctly classified as male skulls, 
which was 59.71% accuracy (Table 5).

The test of correct classification of 72 female skulls 
classified 45 skulls as female skulls, which was 62.5% 
accuracy (Table 5).

The results of discriminant functional analysis of 
the influence of the shape of the piriform aperture on 
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the sexual dimorphism of the skulls of the examined 
sample are shown on Figure 6, while the interval 
of changes of the shape of the piriform aperture is 
shown on Figure 7.

DISCUSSION
Gender differences of piriform aperture on 3D 

models of 211 human skulls (139 male skulls and 72 
female skulls) was analysed using a geometric mor-
phometric method. After the analyses, differences in 
the form of piriform aperture (size and shape) were 
observed where the first two components showed  
a total of 77.269% of the variability between the gen-
ders. By analysing the position of landmarks and its 
variability, the largest differences were observed in the 
position of landmark rhinion indicating the presence of 
differences in the height of the piriform aperture, and 
in the position of the right and left aperthion, indicat-
ing differences in the width of the piriform aperture.

We analysed results of other authors who studied 
gender differences of piriform aperture and nasal 
region and we noticed differences in the results that 
can be conditioned with different population.

In a study involving 118 human skulls (56 female 
skulls and 62 male skulls), nine landmarks were used 
for geometric morphometric analysis of the sexual 
dimorphism of nasal region. The results of the study 
showed significant differences between male and 
female skulls. In male skulls, the piriform aperture is 
higher and narrower, with a deep nasal base (position 
of landmark nasion and maxillonasofrontale). The 
piriform aperture in women is wider, the nasal bones 
are flattened, while the rhinion set lower, and the an-
gle between the three landmarks, the aperthion-na-
sion-aperthion is sharper in the male skulls [6].

Chovalopoulou et al. [7] used geometric morpho-
metry and eight landmarks to analyse the nasal region 
in her study. The results of the study did not show 
statistically significant significance for the sexual di-
morphism of the nasal region in this study.

Table 5. Predictability of gender based on the shape of piriform 
aperture

Predictability of gender Total 

Shape Shape

Gender Male 83 56 139

Female 27 45 72

Total 110 101 211

The colours to indiate the difference between male and female sex, which is accurately 
determited.

Figure 5. Position of the skulls based on differences in the shape of 
piriform aperture in the morphological space; M — men; Z — women. 

Figure 7. Interval of changes of shape of piriform aperture on ex-
amined skulls.
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Figure 6. Discriminant functional of gender differences of shape of 
piriform aperture; M — men; Z — women.

Men — Women

Fr
eq

ue
nc

y



712

Folia Morphol., 2022, Vol. 81, No. 3

Araujo et al. [4], in their research conducted in 
2018, used a classical morphometric method to ana-
lyse the sexual dimorphism of piriform aperture. The 
results of the study showed that the height of piriform 
aperture was higher in the skulls of the male gender 
than in the skulls of the female gender, but without 
statistically significant sex determination, while the 
width of the piriform aperture had the same mean 
values for both genders [4].

Megia et al. [23] analysed the sexual dimorphism of 
the nasal cavity using geometric morphometry, which 
concluded that the upper nasal meatus is larger in men 
than in women, and that there is a difference in size and 
shape of choanae between male and female. 

Gardner [15] conducted a study analysing dif-
ferences in the shape and size of piriform aperture 
between the skulls of Caucasians and the black pop-
ulation. Discriminant functional analysis showed the 
possibility of population differentiation with 77.4% 
accuracy based on piriform aperture. The step by 
step method extracted three linear diameters that 
have statistically significant effects on population 
proliferation with 79% accuracy [15].

Abdelaleem et al. [1] investigated the study of sex-
ual dimorphism of piriform aperture on 250 patients 
of known gender. The authors measured the height 
and width of the piriform aperture and discriminant 
analysis of the obtained data showed that both di-
ameters had a statistically significant effect in gender 
determination, where the width of the piriform aper-
ture showing greater accuracy in determination [1].

Alves et al. [2] investigated the sexual dimorphism 
of the palate and piriform aperture on skulls from 
Brazilian population. Gender determination based on 
piriform aperture was possible with 61.9% accuracy 
in this study, while height of piriform aperture was 
best parameter for gender determination [2].

Asghar et al. [5], in their study of 40 unknown 
gender skulls from the Indian population, used the 
results of other studies to designate 12 skulls of 
male gender and 28 female skulls on the basis of 
morphological characteristics of the examined skull, 
after which they analysed the sexual dimorphism of 
piriform aperture. They measured the height and 
width of piriform aperture, where the mean values for 
the female skulls differed significantly from the mean 
values of the tested diameters in the male skulls [5].

Ammani et al. [3] conducted a study on 130 
computed tomography (CT) images of individuals of 
known gender and age from Nigeria, analysing differ-

ences in the width of the nasal cavity. The results of the 
study showed that the lowest width of the piriform 
aperture was in the female group A (up to 10 years), 
while the largest width was in the group C (21–30  
years). For men, the smallest width is in group B  
(11–20 years), while the largest width was in group F  
(51–60 years) [3].

Durga Devi et al. [10] investigated the sexual di-
morphism of piriform aperture and nasal bones on  
51 skulls of known gender from the Indian popula-
tion. The results of the study showed that the height 
of the piriform aperture has a statistically significant 
effect in determination of gender, and that the shape 
of piriform aperture was between the oval and trian-
gular in both genders [10].

Lopez et al. [22] analysed the gender differences 
of piriform aperture using classical morphometry. 
The study included 90 skulls of known gender, age 
and race from Brazil. They measured the height and 
upper and lower width of piriform aperture. They 
concluded that all measures were higher in male 
skulls, and that for sexual proliferation, only the 
height of piriform aperture showed a statistically 
significant effect [22].

Moreddu et al. [25] in his study analysed the 
gender differences of piriform aperture by classical 
and geometric morphometry on 170 CT images of 
patients of known gender and known age using size 
and shape of piriform aperture. They concluded that 
there are statistically significant differences between 
men and women, in shape and size of piriform aper-
ture, using both methods [25].

Jaiyeoba-Ojigho et al. [18] analysed piriform ap-
erture on 51 skulls of unknown gender and age from 
Nigeria where they analysed the type of piriform 
aperture. They concluded that shape of piriform ap-
erture on skulls in this study is typical for African 
population [18].

In his study on 97 radiographs of individuals from 
the Brazilian population, Prado et al. [26] analysed 
the piriform aperture using classical morphometry, 
concluding that all measurements (height and width 
of piriform aperture) were higher on the men than 
on the women.

Meyvaci Sertel et al. [24] analysed the piriform 
aperture on CT scans of 83 patients of known gender 
and known age (42 women and 41 men), concluding 
that all parameters of piriform aperture (height and 
width) had a statistically significant effect in gender 
determination. 
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Kabakci et al. [19] published the results of a study 
where they analysed the piriform aperture on CT 
images of 200 healthy individuals from the Turkish 
population who did not have deformities in this area, 
measuring the height and width of the aperture and 
determining the golden ratio. The subjects were di-
vided into groups by age. They concluded that the 
width of the piriform aperture increases with age [19].

In 2020, Lee et al. [21] published the results of his 
research in which he analyses a nasal profile on CT 
images of 389 Koreans of known gender and known 
age. In each obtained three-dimensional model, they 
indicated 16 specific landmarks, between which they 
measured 18 diameters and, based on regression 
analysis, created models for predicting gender. 

Schlager and Rudell [28] conducted a study inves-
tigating population differences of piriform aperture 
on CT images of Germans (140 women and 127 men) 
and Chinese (135 women and 132 men) using 370 
bilateral coordinates. They concluded that population 
differences are marked, and that gender differences 
within one population exist, and that they are similar 
to the gender differences observed within another 
population [28].

CONCLUSIONS
Principal component analysis showed that the first 

three PCA described 100% of variability between male 
and female. The first PCA axis describes 40.398% of 
the total variability of the analysed sample; the second 
PCA axis describes 36.871%, while the third PCA axis 
describes 22.731% variability between sexes. 

The greatest variability between genders was 
present in the position of the anthropometric point 
(landmark) 8 (rhinion), which is located at the top 
of the piriform aperture. Variability was present in 
the position of the first and second anthropometric 
points, which are the most lateral points on the piri-
form aperture (aperthion — right and left).

Discriminant functional analysis of the shape and 
size of the piriform aperture allowed the gender de-
termination with 64.03% accuracy for male gender 
and 70.83% accuracy for female gender.

The size of the piriform aperture showed a sta-
tistically significant effect for gender determination 
(p < 0.0001, the percentage influence of size was 
3.3712%).

Discriminant functional analysis of piriform ap-
erture shape without affecting size enabled gender 

determination with 59.71% accuracy for the male and 
62.5% accuracy for the female gender.

Conflict of interest: None declared
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Background: This work was designed to provide a morphologic, morphometric 
and histochemical description of the eye of the African straw-coloured fruit bat 
(Eidolon helvum). An explanation of the optical role of the choroidal papillae in 
the vision of megachiropteran bats was provided. 
Materials and methods: Enucleated eyes of captured fruit bats were measured 
and processed for light microscopy.
Results: Typical gross features of the mammalian eye including an anterior 
transparent cornea, posterior whitish sclera and a golden-brown iris surrounding 
a round pupil were observed in the eye. Presence of undulating retina typically 
found in megachiropterans was also seen. The ratio of mean corneal diameter to 
mean axial eye diameter was 0.58 ± 0.08. The histochemical investigation of the 
eye indicated the presence of mucins, proteoglycans, hyaluronic acid, glycogen 
and/or glycoproteins in the corneal, scleral, choroidal and retinal tissues. 
Conclusions: The presence of reflective materials of the tapetum lucidum on the 
undulating retina was shown to be a morphological adaptation for increased light 
sensitivity as each parabolic surface of the choroidal papillae served as a convex 
mirror, reflecting the light rays to the adjacent parabolic surface, thus sensitising 
photoreceptors in affected regions. This phenomenon thus empowers megachi-
ropteran bats with improved scotopic visual capability and could explain why 
most of them are reliant on their vison without the need for echolocation. (Folia 
Morphol 2022; 81, 3: 715–722)

Key words: Eidolon helvum, eye, choroidal papillae, retina, 
megachiroptera
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INTRODUCTION
The eye of an organism enables it to perceive the 

myriad of emitted and reflected light rays in its envi-
ronment. This perception is required for the survival 
of the organism especially during its periods of peak 
activity. The activity pattern of an animal is therefore 
related to its ocular morphological characteristics and 
has been reported by many ocular scientists [1, 10, 
16–19, 22, 23, 32, 33].

The African straw-coloured fruit bat, Eidolon hel-
vum, is a megabat that is widely distributed in sub-Sa-
haran Africa [3]. The bats are nocturnal, live in large 
colonies, and can be found roosting on trees close to 
human habitation [27]. Some African communities use 
these bats for certain ritual purposes. Their frugivo-
rous, arboreal and migratory nature enables them to 
function in plant pollination and plant geographical 
distribution [30]. The species has been identified as  
a natural reservoir of a number of zoonotic viral dis-
eases such as those caused by the Ebola subtype Zaire 
and Lagos bat viruses [3]. Their close proximity and 
association with humans create a need for a compre-
hensive body of knowledge on their biology especially 
since they have been associated with some epidemics. 
This study therefore investigated the morphological 
features of the eyes of this species which were hitherto 
scarce in literature in order to expound its ocular biol-
ogy and determine any relationship between its ocular 
characteristics and activity pattern. It also provided an 
explanation on the role of the choroidal papillae in the 
vision of megachiropterans which hitherto had been  
a subject of controversy among scientists. The results 
of this study might be helpful in the recognition of oc-
ular pathology in this species and related species and 
in the determination of its corneal xenotransplantation 
potential in humans as well as the possible application 
of the eye morphology in technology.

MATERIALS AND METHODS
sample collection

No animals were killed exclusively for this study. 
The 6 bats (3 males and 3 females) with mean body 
weight of 247.44 ± 45.77 g used for this study were 
part of the experimental animals approved by the Insti-
tutional Animal Care and Use Committee of the Faculty 
of Veterinary Medicine, University of Nigeria, Nsukka 
(Approval number: FVMUNN-IACUC-2019-0350) for 
the PhD studies of Dr. L.O. Obodoechi of the De-
partment of Veterinary Public Health and Preventive 
Medicine, Faculty of Veterinary Medicine, University of 

Nigeria. Dr. Obodoechi needed only the brain sample 
of the captured animals for her PhD studies while the 
eye samples were obtained for this study. The animals 
were reportedly captured from the wild between Janu-
ary and February in Obiagu, Awgu L.G.A., Enugu State, 
Nigeria. Following euthanasia of the bats using 50 mg/
kg ketamine hydrochloride, horizontal and vertical 
corneal diameters were obtained from each eye using 
Vernier calliper. Eyes were bilaterally enucleated [17], 
and the horizontal, vertical, and axial eye diameters 
were obtained as well as its gross anatomical and 
topographical characteristics. 

Histology

Whole enucleated eyes were fixed in Davidson’s 
fixative [2] for 18 hours and postfixed in 10% neutral 
buffered formalin. They were subsequently dehydrat-
ed in increasing concentrations of ethanol, cleared in 
xylene, infiltrated with paraffin and embedded in par-
affin blocks. Five µm thick meridional sections were cut, 
mounted on glass slides, and routinely stained with 
haematoxylin and eosin (H&E) [7], Masson’s trichrome 
[6] and Periodic Acid-Schiff-Alcian Blue (PAS-AB)  
(pH 2.5) [26] stains. Photomicrographs were captured 
using Moticam Images Plus 2.0 digital camera (Motic 
China Group Ltd., China). Corneal and retinal thick-
nesses were measured using the camera software.

statistical analysis

Data were analysed using SPSS Statistics 17.0 
software. Mean corneal diameter was taken as the 
mean of the horizontal and vertical corneal diameters 
while mean eye diameter was taken as the mean 
of the horizontal and vertical eye diameters. Data 
were presented as mean ± standard deviation. Data 
was tested for normality and paired samples t-test 
statistic (2-tailed) was used to determine any signif-
icant differences between the axial and horizontal 
eye diameters, vertical and horizontal eye diameters, 
vertical and axial eye diameters, and vertical and 
horizontal corneal diameters. Statistical significance 
was accepted at p < 0.05.

RESULTS
Gross anatomy

The eyes were located dorsolaterally in the orbit-
al cavities of the skull and were separated by a flat 
frontal region (Fig. 1). They exhibited typical gross 
features of the mammalian eye including an anterior 
transparent cornea and a posterior whitish sclera as 
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well as a golden-brown iris surrounding a round pupil 
which were visible through the cornea. 

The vertical and horizontal corneal diameters were 
0.57 ± 0.10 cm and 0.56 ± 0.10 cm, respectively (n = 12).  
Both diameters were not significantly different (p < 0.05) 
from each other. The vertical, horizontal and axial eye 
diameters were 0.98 ± 0.10 cm, 0.99 ± 0.11 cm and 
0.98 ± 0.06 cm, respectively (n = 12). They were also 
not significantly different (p < 0.05) from each other. 
The ratio of mean corneal diameter to mean eye diam-
eter was 0.58 ± 0.09 (n = 12; range: 0.42–0.70) while 
the ratio of mean corneal diameter to mean axial eye 
diameter was 0.58 ± 0.08 (n = 12; range: 0.43–0.72).

Histology

Fibrous tunic. The cornea was lined anteriorly 
by non-keratinised stratified squamous corneal epi-
thelium and posteriorly by simple squamous corneal 
endothelium, between which was dense regular fi-
brous connective tissue of the corneal stroma (Fig. 2). 
The basement membrane of the corneal endothelium 
known as the Descemet’s membrane was thicker than 
that of the corneal epithelium. Both membranes were 
strongly PAS-positive while the corneal stroma which 
was bluish purple in colour was PAS-AB-positive. The 
sclera was a dense irregular fibrous connective tissue 
(Fig. 3). Its numerous collagen fibres were continuous 
with those of the corneal stroma.

Uvea. The iris was a heavily pigmented and vas-
cularised tissue process that was attached to the 
ciliary body (Fig. 4B). The ciliary body which did not 
seem well-developed comprised a posterior pars pla-
na and anterior ciliary processes (or pars plicata) both 

of which were composed of ciliary epithelia overly-
ing ciliary stroma (Fig. 4A, C). The ciliary epithelia 
comprised an outer pigmented epithelium and an 
inner non-pigmented simple cuboidal epithelium. 
The epithelia were continuous with the retina at the 
ora serrata. The vascularised pigmented choroid lay 
between the retina and the sclera. Its numerous pro-
jections, the choroidal papillae, projected markedly 
perpendicularly or obliquely towards the retina in 
the direction of the pupil (Figs. 3–5). These papillae 
caused undulations in the retinal tissues.

retina. Undulating outer layers and non-undulat-
ing inner layers were observed in the retina (Fig. 3).  
The undulating layers comprised the retinal epithe-
lium, photoreceptor layer, outer nuclear layer and 
outer plexiform layer while the non-undulating lay-
ers comprised the inner nuclear layer, inner plexi-
form layer, ganglion cells and nerve axons (Fig. 5).  
Some areas of the retina especially towards the ora 
serrata where choroidal papillae were absent lacked 
these retinal undulations (Fig. 5D). The photore-
ceptor layer was AB-positive and was composed of 
photoreceptor outer segment and photoreceptor 
inner segment. The outer segment was more deeply 
AB-positive than the inner segment while the outer 
and inner plexiform layers were weakly AB-positive 
(Fig. 5C). The retinal epithelium, inner nuclear layer 
and ganglion cell layers were weakly PAS-AB-positive. 
The retinal epithelium was simple cuboidal epitheli-
um containing pigmented or non-pigmented mon-
onuclear cells with basally-located nuclei and clear 
cytoplasm. It was tightly attached to the choroid, 
following all of its undulating contours. From the ora 

Figure 1. A. The African straw-coloured fruit 
bat showing the dorsolaterally-located eyes 
separated by a flat frontal region; B. The gold-
en-brown-coloured iris is visible through its  
transparent cornea as the bat hangs upside  
down in the cage.

A B
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serrata to the posterior pole, the pigmented retinal 
epithelium gradually lost its apical melanin pigments 
such that towards the posterior pole, the epithelium 
lacked pigments. The nuclei of the photoreceptor 
cells in the outer nuclear layer were heterochromatic 
unlike the nuclei in the outer nuclear and ganglion 
cell layers which were euchromatic.

DISCUSSION AND CONCLUSIONS
histochemistry

The PAS-AB histochemical stain which is used for 
the detection of some categories of carbohydrates 

and glycoconjugates was employed in this study to 
determine if the carbohydrate composition of the 
fruit bat eye was similar to those reported for other 
animals. The PAS-AB histochemical reactions indicated 
the presence of glycoproteins, proteoglycans, hya-
luronic acid and/or glycogen in the corneal, scleral, 
choroidal and retinal tissues [26]. Different shades 
of blue colouration as seen in the inner and outer 
segments of the photoreceptor layer as well as in 
the outer and inner plexiform layers of the retina 
indicated a positive AB reaction which affirmed the 
presence of acid mucins, proteoglycans and/or hya-

Figure 3. Photomicrographs of the eye of the African straw-coloured fruit bat stained with haematoxylin and eosin (A) and Masson’s tri-
chrome (B). Sclera (S), choroid (C) with its choroidal papillae (P), retina (R) with its undulating (UL) and non-undulating (NUL) layers; scale 
bars = 100 μm.

Figure 2. Photomicrographs of the cornea of the African straw-coloured fruit bat stained with Periodic Acid Schiff (PAS)-Alcian Blue stain at 
pH 2.5 (A) and haematoxylin and eosin (B). Corneal epithelium (A) with its thin PAS positive basement membrane (white arrows), corneal 
stroma (B), corneal endothelium (arrow heads) with its thick PAS-positive Descemet’s membrane (black arrows); scale bars = 50 μm.

A B

A B
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luronic acid in those regions of the retina. Magenta 
colour as seen in the Descemet’s membrane and 
basement membrane of the corneal epithelium in-
dicated a positive PAS reaction which affirmed the 
presence of glycogen and/or glycoproteins in the 
corneal membranes. The different shades of bluish 
purple colouration observed in the corneal stroma, 
sclera, choroid, retinal epithelium, inner nuclear layer 
and ganglion cell layer indicated positive reactions to 
both AB and PAS. The blue colouration of the nuclei 
in the outer nuclear layer of the retina was a result of 

the haematoxylin counterstain used for the PAS-AB 
staining procedure. 

Online literature search on Google Scholar (www.
scholar.google.com) using different keywords showed 
the absence of published work on the histochemical 
detection of glycoproteins, proteoglycans, hyaluronic 
acid or glycogen in the eye of bat as at the time of writ-
ing this paper. This study may thus be the first scientific 
attempt to describe the carbohydrate composition of 
the chiropteran eye. Though immunohistochemical 
staining would have been more specific in determining 

Figure 4. Photomicrographs of the ciliary body (A), iris (B) and ciliary process (C) of the African straw-coloured fruit bat; CP — ciliary pro-
cess; PL — pars plana; CS — ciliary stroma; N — non-pigmented epithelium; P — pigmented epithelium. Scale bar and stain for panels A 
and B = 100 μm, Masson’s trichrome. Scale bar and stain for panel C = 10 μm, haematoxylin and eosin.

A B

C
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carbohydrate composition, the PAS-AB staining, how-
ever, gives a relatively general idea of the carbohydrate 
composition. Proteoglycans have already been isolated 
from retinal tissues of other mammals where they 
were reported to play roles in retinal neuronal growth, 
repairs and synapse formation [5, 20, 21]. Hyaluronic 
acid has been detected in the sclera, choroid and ret-
inal pigment epithelium of humans where it was said 
to maintain tissue fluidity, permeation and hydration 
[35] as well as function in the creation of retinal neural 
networks through its complexes with proteoglycans 
[20]. Glycoproteins, which also include mucins, have 

been demonstrated in the cornea, sclera, ciliary body 
and retina of humans [15] and in the retina of cattle 
[4, 13] while glycogen which serves as cellular energy 
reserve has been reported in the corneal endothelium 
of man and rabbit [28]; retina, vitreous, lens, choroid, 
iris and cornea of cattle and rabbit [36]; retina of cat; 
corneal epithelium of rabbit [14]; and retina of guinea 
pig, rabbit, man, cat, cattle, hamster and fish [24]. 

Morphometry

The mean corneal diameter to mean axial eye 
diameter ratio observed in Eidolon helvum in this 

Figure 5. Photomicrographs of the retina, choroid and sclera of the African straw-coloured fruit bat. Choroidal papillae (P) with its consequent 
retinal undulations are present in panels A, B and C; absent in panel D and inconspicuous in panel E. Melanin pigments of the retinal epithe-
lium (RE) were absent in panel A but gradually increased in quantity from panel C to panel B to panel E to panel D. Choroid (C), blood vessel 
(BV), photoreceptor layer (PL) comprising the inner segment (IS) and outer segment (OS), outer nuclear layer (ON), outer plexiform layer (OP), 
inner nuclear layer (IN), inner plexiform layer (IP), ganglion cell layer (GL), axon layer (AL), sclera (S). Haematoxylin and eosin stain (A, B and D). 
Periodic Acid Schiff-Alcian Blue stain, pH 2.5 (C and E). Scale bars = 10 μm.

A B

C D

E
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study was at variance with those reported for most 
nocturnal mammals and birds which have higher 
ratios. The ratio was rather similar to those reported 
for most diurnal and cathemeral animals [16, 17, 23]. 
The authors had postulated that the scotopic envi-
ronment of nocturnal animals necessitated a higher 
mean corneal diameter to mean axial eye diameter 
ratio to enable the animals capture as much light 
rays as is possible from the environment while the 
photopic environment of diurnal animals necessitated 
lower ratios so as to limit the amount of light rays 
entering the eyes from the light-rich environment. The 
possession of a relatively low ratio by the nocturnal 
fruit bat therefore suggests that its retina has higher 
sensitivity to light rays than those of most nocturnal 
animals. Such a situation therefore eliminates the 
need for a high mean corneal diameter to mean axial 
eye diameter ratio and might provide explanations 
for the unusual retinal morphology of the fruit bat. In 
addition, the relatively low ratio could also indicate an 
adaptation for vision in both scotopic and photopic 
environments as has been reported for cathemeral 
animals [16, 23].

Choroidoretinal undulations

The unusual choroidal and retinal morphology 
observed in this study for Eidolon helvum have since 
been reported for other megachiropteran, and in 
particular, pteropodid bats [1, 12, 25]. The role of the 
choroidal papillae in blood supply to retinal tissues 
has been well documented [9, 11] but their role in 
vision has been a matter of controversy among sci-
entists with some scientists asserting that the pres-
ence of the choroidal papillae led to improved visual 
sensitivity through an increase in the photosensitive 
area and number of photoreceptors [11, 31]. This 
assertion has, however, been refuted by Suthers [34] 
who clarified that the choroidal papillae couldn’t 
lead to an increase in the photosensitive area and 
number of photoreceptors without a decrease in 
photoreceptor diameter or decrease in the space 
between photoreceptors or a rearrangement of the 
long axis of all photoreceptors to be perpendicular to 
the plane of undulating choroidal surface. The author, 
however, didn’t provide an explanation for the role 
of the papillae in vision.

Though we did not directly check for the presence 
of tapetum lucidum in the Eidolon helvum, the ab-
sence of melanin pigments in the retinal epithelium 
of the central retina strongly suggests the existence 

of tapetum lucidum in the bat. This is because the 
presence of tapetum lucidum in mammals is generally 
characterised by the absence of melanin pigments in 
the retinal epithelium of the central retina [29, 33]. 
Available evidence in other megachiropterans and 
pteropodids nevertheless show that bats of these 
clades contain retinal tapetum lucidum in the cells 
of the retinal epithelium [8, 29, 31]. The presence 
of reflective materials of the tapetum lucidum on an 
undulating surface is therefore a major and unique 
morphological adaptation for increased light sensitivi-
ty as each parabolic surface serves as a convex mirror, 
reflecting the light rays to the adjacent parabolic 
surface (Fig. 6). Photoreceptors associated with both 
papillae therefore get sensitised. This implies that  
a higher number of photoreceptors get sensitised in  
a megachiropteran eye than in a non-megachirop-
teran eye if both are exposed to the same incident 
light rays. İt could also provide the much needed 
explanation why most megachiropterans are heavily 
reliant on their vison without the need for echolo-
cation [1, 3, 8, 9, 25, 30] and why the relatively low 
mean corneal diameter to mean axial eye diameter 
ratio was observed in the fruit bat unlike the case in 

Figure 6. Schematic representation of the visual role of the choroidal 
papillae in the megachiropteran eye. The figure above shows  
a retinal tapetum lucidum-lined choroidal papilla with the incident 
rays (solid blue lines), reflected rays (green arrows) and the tracing 
of the reflected rays (dotted blue lines) from the focal point (f). The 
figure below shows the megachiropteran eye where incident light 
rays (solid blue lines) passes through the pupil (p) to become re-
flected (green arrows) on hitting the retinal tapetum lucidum-lined 
choroidal papillae. Refraction of light rays was not taken into con-
sideration in this schematic representation.
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most nocturnal animals. It is, however, worth noting 
that the plane of orientation of the reflective materials 
of the tapetum in the retinal epithelium will influence 
the angle of reflection of the light rays. Thus, further 
investigations on the plane of orientation of these 
materials may be required to determine the angle of 
reflection.
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Background: The aim of the study was to evaluate the relationship between the 
horizontal condylar angle (HCA), temporomandibular joint osteoarthritis (TMJ OA),  
and condylar position on cone-beam computed tomography (CBCT) images.
Materials and methods: Based on TMJ OA, joints were classified as affected 
and the unaffected. According to the OA condition of their joints, three groups 
of patients were formed: control group (n = 159, 41.1%), unilateral group  
(n = 121, 31.3%), and bilateral group (n = 107, 27.6%). In total, the HCAs 
of 774 TMJs of 387 patients were measured and their condylar positions were 
determined as concentric (n = 184, 23.8%), posterior (n = 338, 43.7%), and 
anterior (n = 252, 32.5%).
Results: The mean HCA of the bilateral group (22.7 ± 7.6°) was greater than 
those in both the control (19.5 ± 6.4°) and the unilateral (20.5 ± 6.5°) groups 
(p < 0.05). However, the difference was not statistically significant between the 
control and unilateral group (p > 0.05). In total patients, unlike the unilateral 
group, the affected joints had a greater mean HCA than the unaffected joints  
(p < 0.05). The mean HCAs of the joints according to the condylar position were 
as concentric: 20.6 ± 6.7°, posterior: 21.1 ± 7.8°, and anterior: 20.2 ± 7.9° 
(p > 0.05).
Conclusions: While the HCA increased in the presence of TMJ OA, no relationship 
was found between HCA and three different condylar positions. (Folia Morphol 
2022; 81, 3: 723–731)

Key words: horizontal condylar angle, temporomandibular joint 
osteoarthritis, condylar position, cone-beam computed tomography

INTRODUCTION
Temporomandibular joint osteoarthritis (TMJ OA) 

is a degenerative joint disease that especially involves 
osseous structures and is accepted as an important 
subgroup of temporomandibular disorders (TMDs) 

[34]. TMJ OA is more sophisticated than the OA of 
other joints because of the architecture and compo-
sition of the TMJ tissues and the multiple forces the 
joint is subjected to as well [15]. The radiologically 
observed osseous changes associated with TMJ OA, in 
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both condyle and glenoid fossa are erosion and flat-
tening of articular surfaces, subcortical sclerosis and 
cyst, osteophyte, generalised sclerosis, and loose joint 
bodies [1]. It has been claimed that because of the 
changes in the bone trabecular structure, biomechan-
ical forces and muscle activities following the OA, the 
morphological structure of TMJ is transformed [15].

In the previous studies that examined the mor-
phological changes of the TMJ related to OA, one 
of the less-focused parameters has been the hori-
zontal condylar angle (HCA). The HCA is defined as 
the angle between the long axis of the mandibular 
condyle and the coronal plane perpendicular to the 
midsagittal plane on the axial sections [36]. Limited 
data in the literature suggested that a greater HCA 
was generally observed in TMJs that presented disc 
displacement, clinical TMD symptoms, the excessive 
pulling effect of the lateral pterygoid muscle, and 
also radiological OA findings [5, 6, 11, 14, 15, 35, 36].  
Additionally, it was reported that a greater HCA could 
be the result of bone formation at the posterior me-
dial pole and resorption at the anterior lateral pole 
of the condyle [10]. A greater HCA: is it a result of or 
a reason for TMJ OA? Whether the TMJ OA osseous 
changes increase the HCA or whether a large HCA 
contributes to the development of TMJ OA has not 
been proven yet. 

The importance of condylar position on TMJ health 
is a controversial issue. The predominant opinion is 
that TMD patients generally have a posterior condy-
lar position [4, 18, 22, 28]. However, some authors 
have suggested no significant association between 
condylar position and clinical or radiological findings 
of TMJ [19, 24]. 

The value of imaging modality cannot be ignored 
for establishing the accurate diagnosis of TMJ OA 
and determining the condylar position [1]. As it pro-
vides high resolution and precise three-dimension-
al images for evaluating the osseous changes and 
makes reliable linear and angular measurements of 
maxillofacial hard tissues, cone-beam computed to-
mography (CBCT) has been accepted as an adequate 
technique for the assessment of these parameters of 
TMJ [16, 26]. 

The first aim of this study was to evaluate the re-
lationship between TMJ OA and HCA; the second aim 
was to evaluate the relationship between condylar 
position and HCA by scanning the CBCT images of 
patients retrospectively in a cross-sectional period. 

MATERIALS AND METHODS
This study was approved by the Ethical Committee 

of Gazi University (date: 26/06/2019, number: 07). 
The CBCT images of patients who applied to Gazi 
University Faculty of Dentistry Oral and Maxillofacial 
Radiology Clinic between January 2015 and Decem-
ber 2019 for various dental reasons were analysed 
retrospectively. No additional CBCT scan was taken 
for the study. Informed consent was obtained from 
all participants included in the study. 

The CBCT images were obtained by a Planmeca 
Promax 3D Mid (Planmeca, Helsinki, Finland) device, 
and the parameters were 140 × 92 mm2 field of 
view (FOV), 90 kVp, 8 mA, 13.5 s, 0.4 mm3 voxel or  
140 × 52 mm2 FOV, 90 kVp, 8 mA, 13.5 s, 0.4 mm3 
voxel. The original software programme Romexis 
4.6.2.R (Planmeca, Helsinki, Finland) of the CBCT 
device was used to display the images. All images 
were analysed on the same 24-inch medical monitor 
(Philips, Luchu Hsiang, Taiwan) with an ideal screen 
display (resolution: 1920 × 1080 pixels) provided with 
an NVIDIA QUADRO FX 380 graphics card. All evalu-
ations were made independently by two calibrated 
investigators who have competence in the CBCT in-
terpretation for maxillofacial diagnosis, including the 
TMJ region, in a quiet room with subdued ambiance 
lighting, from about 50 cm. The obtained data were 
recorded in a form that was specially prepared for 
this study. In cases of disagreement regarding the 
presence or absence of osseous changes, the observ-
ers evaluated the images for the second time and  
a consensus was reached after a discussion [15].

All the exclusion and inclusion criteria and ra-
diologic findings are based on CBCT reports and 
images, and health records. The primary inclusion 
criterion was that both the mandibular condyle and 
the glenoid fossa could be viewed simultaneously 
on the same CBCT image. Patients with a history of 
surgical operation (including orthognathic surgery), 
trauma, and pathology (including tumours and syn-
ovial chondromatosis) in the TMJ area, younger than  
18 years (only patients who were aged ≥ 18 years 
were selected to ensure the TMJ development had 
been completed), images that had a failure in maxi-
mum occlusion position during the scan acquisition, 
and without sufficient diagnostic quality were ex-
cluded. A total of 387 patients’ CBCT images were 
included in the study. Patients were between 18 and 
71 years (mean 46.81 ± 13.82 years [standard devi-
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ation, SD]) and comprised 225 (58.1%) females and 
162 (41.9%) males. 

Measurement of HCA

First, the maximum mediolateral length of both 
right and left condyles was determined as the long 
axis of the condyle on the appropriate axial CBCT 
section. The coronal plane was determined as a line 
drawn perpendicular to the midsagittal plane. Then 
the angle between the long axis and the coronal 
plane was defined as the HCA (Fig. 1) [36]. Because 
these images used to measure the HCA did not show 
indications of OA, all HCA measurements were per-
formed blinded to the knowledge of the OA status 
of the joints.

Evaluation of TMJ OA

Each patient’s right and left TMJ regions were 
evaluated separately on the reconstructed sagittal 
CBCT sections in one-millimetre intervals. The TMJ 
OA was diagnosed radiologically using the method 
defined by Ahmad et al. [1], in which osseous changes 
of the joint region were evaluated. The mandibular 
condyle head changes were gross hypoplasia or hy-
perplasia, flattening, erosion, subcortical sclerosis and 
cyst, osteophyte formation, generalised sclerosis, and 
loose joint bodies. Correspondingly, changes evaluat-
ed in the glenoid fossa were flattening of the articular 
eminence, sclerosis, and surface erosion (Fig. 2). 

Joints were categorised as non-OA, indeterminate 
OA, or OA according to the findings obtained by 
evaluating the osseous structures on CBCT images. 
Afterward, the joints with non-OA or indeterminate 
OA changes were accepted as unaffected, and joints 
with OA changes were accepted as affected [14]. The 
patients were divided into three groups according 
to the presence of unaffected/affected joints as con-
trol group (bilaterally unaffected joints), unilateral 
group (one unaffected joint and one affected joint), 
and bilateral group (bilaterally affected joints). Fur-
thermore, to evaluate the relationship between the 
TMJ OA and HCA from another window, only in the 
unilateral group the value obtained by subtracting 
the affected joint HCA from the unaffected joint HCA 
was recorded for each patient [29]. 

determination of condylar position

The axial CBCT section where the mandibular con-
dyle has the largest mediolateral diameter was chosen 
as the reference view for the secondary reconstruc-
tion. On this selected axial section, a reconstructed 

Figure 1. Measurement of horizontal condylar angle on the axial 
cone-beam computed tomography section.

Figure 2. Osseous changes of temporomandibular joint osteoarthritis observed in the temporomandibular joint region on the reconstructed 
sagittal cone-beam computed tomography sections; A. Flattening of articular eminence and erosion of condyle; B. Generalised sclerosis of 
articular eminence and condyle; C. Flattening and subcortical sclerosis of the condyle; D. Osteophyte formation; E. Subcortical cyst; F. Loose 
joint body and erosion of glenoid fossa.
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sagittal CBCT section was obtained by drawing a line 
parallel to the long axis of the condyle. The narrow-
est posterior (P) and anterior (A) joint spaces were 
measured linearly on this sagittal section (Fig. 3). 
The condylar position was determined according to 
the Pullinger and Hollender method: Condylar ratio 
= (P − A) / (P + A) × 100 [21]. The condyle was ac-
cepted to be located in the concentric position if the 
calculated ratio was within ± 12%, in the posterior 
position if it was less than –12%, and in the anterior 
position, if it was greater than +12%.

statistical analysis

The Kolmogorov-Smirnov test was used to ex-
amine whether the data were compatible with the 
normal distribution. Because the dimensions in the 
scale were from a population with a normal distri-
bution, the independent sample t-test was used 
to compare two groups, and one-way analysis of 
variance (one-way ANOVA) was used to compare 
more than two groups. If the difference between 
the groups was statistically significant because of the 
variance analysis, the Tukey test (one of the multiple 
comparison tests) was applied to determine which 
groups were different from each other. The assump-
tion of variance homogeneity in the tests related to 
the comparison of the groups was examined with 
Levene’s test, and the results were used to decide 
which test statistics should be considered. The χ2 
test was used to examine categorical variables. The 
results obtained for the analysis were interpreted 

at a significance level of 0.05, and IBM SPSS 20.0 
programmes were used.

RESULTS
A total of 387 patients were divided into three 

groups according to the radiological OA findings of 
their 774 TMJs examined by CBCT:

 — the control group consisted of 159 patients with 
two unaffected joints (n = 88, 55.3% females and 
n = 71, 44.7% males);

 — the unilateral group consisted of 121 patients 
with one unaffected joint and one affected joint 
(n = 69, 57% females and n = 52, 43% males);

 — the bilateral group consisted of 101 patients with 
two affected joints (n = 68, 63.6% females and  
n = 39, 36.4% males). 
The mean ages of the patients for the three groups 

were similar (control group: 44.9 ± 13.7 years, uni-
lateral group: 49.6 ± 13.1 years, bilateral group:  
46.5 ± 14.5 years). When the mean HCAs of the TMJ 
OA groups were compared, the difference was statis-
tically significant (p < 0.05). According to the results 
of the multiple comparison test, the bilateral group 
had a greater mean HCA than both the control and 
unilateral group, and the difference was statistically 
significant (p = 0.001 < 0.05) (Table 1). However, the 
difference was not statistically significant between 
the control and unilateral group (p = 0.199 > 0.05). 

The mean HCA of the total 774 joints was 20.7 ±  
± 7.7°. The difference between the mean HCAs of 
all joints in the control group (both unaffected) and 

Figure 3. Measurements for determining the condylar position; A. Linear measurement of posterior (P), and anterior (A) joint spaces on the 
reconstructed sagittal cone-beam computed tomography sections with the axial (B) and coronal (C) cone-beam computed tomography sec-
tions as reference.
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the unaffected joints in the unilateral group was not 
statistically significant (p = 0.852 > 0.05) (Table 2). 
Similarly, the difference between the mean HCAs of 
all joints in the bilateral group (both affected) and 
the affected joints in the unilateral group was not 
statistically significant (p = 0.155 > 0.05) (Table 2).  
However, while in total patients the difference  
between the mean HCAs of the unaffected joints  
and the affected joints was statistically significant 
(p = 0.0001 < 0.001) (Table 2), in the unilateral 
group, the difference between the mean HCAs of 
the unaffected joints and the affected joints was not 
statistically significant (p = 0.085 > 0.05).

Table 1. Distribution of mean horizontal condylar angles (HCA) of temporomandibular joint osteoarthritis (TMH OA) groups,  
number (%) and the statistical analysis results 

TMJ OA-HCA (patients) N (%) Mean HCA of right and left condyle ± SD (degree) P

Control group 159 (41.1) 19.5 ± 6.4a

0.199
       0.001*Unilateral group 121 (31.3) 20.5 ± 6.5a

Bilateral group 107 (27.6) 22.7 ± 7.6b

Total 387 (100) 20.7 ± 6.9
a, bThe letters next to the mean angles indicate groups that differ according to the Tukey HSD test; *p < 0.05, statistically significant;  SD — standard deviation

Table 2. Distribution of mean horizontal condylar angles (HCA) of affected and unaffected joints in terms of temporomandibular joint 
osteoarthritis (TMJ OA), number (%) and the statistical analysis results

TMJ OA-HCA (joints) N (%) Mean HCA ± SD (degree) P

Unaffected joints Control group 318 (41.1) 19.5 ± 6.4
0.852

0.0001*

Unilateral group’s unaffected joint 121 (15.6) 19.7 ± 7.0

Total 439 (56.7) 19.6 ± 6.6

Affected joints Bilateral group 214 (27.6) 22.7 ± 7.6
0.155

Unilateral group’s affected joint 121 (15.6) 21.3 ± 7.5

Total 335 (43.3) 21.0 ± 7.6

Total 774 (100) 20.7 ± 7.2

*p < 0.05, statistically significant;  SD — standard deviation

The distribution of joints according to condylar 
positions and their mean HCAs were n = 184 (23.8%) 
in the concentric position with 20.6 ± 6.7° mean 
HCA, n = 338 (43.7%) in the posterior position with  
21.1 ± 7.8° mean HCA, and n = 252 (32.5%) in 
the anterior position with 20.2 ± 7.9° mean HCA. 
The difference between the mean HCAs of the three 
condylar positions was not statistically significant  
(p = 0.408 > 0.05) (Table 3). 

The relationship between the TMJ OA groups 
and the condylar position was statistically significant  
(p = 0.000 < 0.01) (Table 3). However, in the unilat-
eral group, the relationship between the joints’ OA 

Table 3. Relationship between condylar position, temporomandibular joint osteoarthritis (TMH OA) groups, and mean horizontal  
condylar angle (HCA), number (%) and the statistical analysis results

Condylar position: TMJ OA 
groups and HCA (joints)

Control 
group, n (%)

Unilateral group, n (%) Bilateral 
group, n (%)

Mean HCA ± 
SD (degree)Affected joints Unaffected joints Total P

Condylar position Concentric 84 (26.4) 22 (18.2) 24 (19.8) 46 (19) 0.942e 54 (25.2) 20.6 ± 6.7

Posterior 111 (34.9) 62 (51.2) 60 (49.6) 122 (50.4) 105 (49.1) 21.1 ± 7.8

Anterior 123 (38.7) 37 (30.6) 37 (30.6) 74 (30.6) 55 (25.7) 20.2 ± 7.9

P 0.023a* 0.000b** 0.000c** 0.000d** 0.000f** 0.408g

0.000h**

*p < 0.05, **p < 0.01, statistically significant; SD — standard deviation; acomparison of condylar position frequencies in the control group; bcomparison of condylar position frequencies 
of affected joints in the unilateral group; ccomparison of condylar position frequencies of unaffected joints in the unilateral group; dcomparison of condylar position frequencies in the uni-
lateral group; ecomparison of condylar position frequencies and OA status in the unilateral group; fcomparison of condylar position frequencies in the bilateral group; gcomparison of mean 
HCAs according to condylar positions; hcomparison of condylar position frequencies according to TMJ OA groups
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status and the condylar positions was not statistically 
significant (p = 0.942 > 0.05) (Table 3). That is, the 
condylar positions distribution of the affected and 
unaffected joints in the unilateral group was similar. 
When we analysed each TMJ OA group independently 
according to the condylar position, mostly the posterior 
(except for the control group) and least the concentric 
condylar position was observed, and the differences 
were statistically significant (p < 0.05) (Table 3).

In the unilateral group, the mean value of the 
difference between the affected joints’ HCAs and the 
unaffected joints’ HCAs was positive, as 1.6 ± 6.5°.  
It was positive (5.7 ± 4.8°) in 70 (57.9%) patients, 
while negative (–3.9 ± 4.1°) in 51 (42.1%) patients, 
and the difference was statistically significant  
(p = 0.000 < 0.001). 

According to TMJ OA groups, the mean HCAs 
of the sexes were close to each other in the control 
group, bilateral group, and in total patients, and the 
difference was not statistically significant (p > 0.05) 
(Table 4). Only in the unilateral group, the mean HCA 
of the females was greater than the males’, and the 
difference was statistically significant (p = 0.039  
< 0.05) (Table 4). Additionally, the correlation be-
tween the HCA and age was negatively and not sta-
tistically significantly (rs = –0.054, p = 0.436 > 0.05).

DISCUSSION
In the present study, the relationship between 

HCA, TMJ OA, and condylar position was evaluated 
by CBCT. The authors observed that HCA increased in 
the presence of TMJ OA, but no relationship between 
HCA and different condylar positions. In literature, 
various radiological imaging modalities such as sub-
mentovertex projection radiography (SPR) [3, 8, 25, 
36, 38], magnetic resonance imaging (MRI) [6, 12, 
13, 29, 32, 35], computed tomography (CT) [5, 9, 15, 
23, 27, 33], and CBCT [2, 14] have been used alone or 

combined in studies for measuring the HCA to date. In 
studies that used SPR, the HCA was found associated 
with disc position while not associated with osseous 
changes [8, 25, 36, 38]. In MRI studies, generally,  
a greater mean HCA was reported in TMJs with disc 
displacement and osseous changes [6, 13, 27, 29, 31, 
35, 36]. Considering that TMJ OA was more common 
with initial and prolonged disc displacement [37], the 
findings of the present study overlapped these stud-
ies. Although the osseous structures of TMJ could be 
evaluated with MRI, it is superior in evaluating the soft 
tissues [17]. Additionally, in the context of HCA meas-
urement, MRI has a low spatial resolution and few 
available axial sections and is not suitable for the sec-
ondary image reconstruction like CBCT [14]. In studies 
that used CT to evaluate the osseous structures or disc 
position in addition to HCA measurements, it was 
reported that the mean HCA increased in the case 
of osseous changes and disc displacement in TMJ  
[5, 15, 27]. In their prospective longitudinal study, 
Lee et al. [15] observed a mean 2.83° increase of the 
HCA in joints that developed OA over time and the 
increase did not regress even in rare cases where 
morphological osseous changes were reversed. They 
stated TMJ OA may cause a greater HCA, but an ini-
tially great HCA did not affect the development of TMJ 
OA [15]. Seo et al. [27] claimed the joints with greater 
HCAs could be explained by OA changes that were 
thought to be associated with disc displacement. The 
results authors reached in the present study showed 
similarity to the studies that examined the osseous 
changes of TMJ radiologically on CT.

Because it is an effective imaging modality for 
evaluating structural changes in the osseous mor-
phology of TMJ, for both determination of the TMJ 
OA and the measurement of the HCA the CBCT was 
used in the current study [7]. In terms of TMJ OA 
groups, the mean HCA of the patients in the bilat-

Table 4. Distribution of mean horizontal condylar angles (HCA) of temporomandibular joint osteoarthritis (TMJ OA) groups by sexes, 
number (%) and the statistical analysis results

Variables Sexes P

Female Male 

N (%) Mean HCA ± SD (degree) N (%) Mean HCA ± SD (degree)

TMJ OA groups Control 88 (39.1) 19.3 ± 6.4 71 (43.8) 19.8 ± 6.4 0.659

Unilateral 69 (30.1) 21.5 ± 6.3 52 (32.1) 19.1 ± 6.5 0.039*

Bilateral 68 (30.2) 22.9 ± 7.9 39 (24.1) 22.4 ± 7.2 0.711

Total 225 (100) 21.1 ± 6.9 162 (100) 20.2 ± 6.7 0.196

*p < 0.05, statistically significant; SD — standard deviation
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eral group was greater than both the control and 
unilateral groups, and the difference was statistically 
significant. However, although the mean HCA of the 
patients in the unilateral group was greater than 
those in the control group, the difference was not 
statistically significant. When focused on the uni-
lateral group, the mean HCA of the affected joints 
was greater than the unaffected joints, and the dif-
ference was statistically significant. In addition, the 
difference between the mean HCAs of total affected 
joints and total unaffected joints was also statis-
tically significant. However, when the mean HCAs 
of similar joints in terms of OA in different groups 
were compared, the difference was not statistically 
significant. The results of the present study, which 
showed TMJ OA was associated with increased HCA, 
were consistent with each other and similar studies. 
In a CBCT study, Lee et al. [14] found the mean HCA 
was greater in OA-affected joints than the contralat-
eral OA-unaffected joints, in the TMJ OA unilateral 
group, and the difference was statistically significant. 
However, the difference between the mean HCA of 
both joints of the control subjects and the mean 
HCA of the unaffected joints of the unilateral OA 
patients was not statistically significant [14]. These 
findings were exactly consistent with the present 
study. A clinical TMD study that used CBCT only to 
measure the HCA found a greater mean HCA in the 
control group [2], unlike the present study findings. 
That result may have arisen because there is no cor-
relation between osseous changes in TMJ and clinical 
symptoms, including pain [20].

Another parameter examined was the relation-
ship between condylar position and both TMJ OA 
and HCA. The authors did not find any studies in 
the literature investigating the relationship between 
condylar position and HCA. However, some studies 
found the posterior condylar position was associated 
with any TMD [18, 22, 28]. Cho et al. [4] concluded 
the posterior condylar position was more common 
in joints with osseous changes. The results obtained 
showed that the frequency of posterior condyle po-
sition was higher in the unilateral and bilateral TMJ 
OA groups compared to the control group. As the 
posterior condylar position was generally accepted 
as associated with disc displacement, OA, and clin-
ical TMDs, these results were expected. In addition, 
although it was not addressed previously, the mean 
HCAs of three condylar positions were found close 
to each other.

Hüls et al. [11] reported a greater mean value 
for the difference between the right and left joints 
HCAs in TMD patients compared to the asympto-
matic group. Taylor et al. [30] investigated the differ-
ence between the right and left joints HCAs only in 
asymptomatic adults. Sulun et al. [29] also indicated 
this difference was greater in patients with internal 
derangement than in the asymptomatic volunteers. 
From a different perspective, in the present study 
for each patient in the TMJ OA unilateral group the 
difference between the HCAs of the affected and 
unaffected joints, not the right and left joints, were 
examined. In the unilateral group, the mean value of 
this difference was found positive. Additionally, in the 
same group, the frequency of patients with positive 
value was higher than the patients with negative 
value, and the difference was statistically significant.

In many studies, like the present study, the rela-
tionship between the HCA and sexes and age was not 
found statistically significant [6, 15, 29, 35]. Contrary 
to these studies, Al-Rawi et al. [2] found a greater 
mean HCA for males both in TMD and control groups, 
but interestingly, the statistical difference was only in 
the control group. Christiansen et al. [5] found the 
HCA was positively significantly correlated with age. 

Limitations of the study

This study had limitations. The dentition status of 
the patients and the presence or absence of mandib-
ular asymmetry were not considered. Theoretically, 
the HCA could be affected by both parameters. In 
addition, due to the lack of clinical information, the 
HCA changes in the presence or absence of clinical 
signs of TMD could not evaluate.

CONCLUSIONS
The mean HCA of the bilateral group was sta-

tistically significantly greater than the control and 
unilateral groups. Unlike in the unilateral group, when 
all patients were considered, the mean HCA of the 
affected joints was greater than the unaffected joints. 
There was no statistically significant difference be-
tween the mean HCA values of the joints with the 
concentric, posterior, and anterior condylar positions. 
Posteriorly located condyles were observed more in 
the bilateral and unilateral TMJ OA groups, and an-
teriorly located condyles were observed more often 
in the control group. The mean HCAs of females and 
males were close. The results showed TMJ OA-related 
osseous changes positioned the condyle posteriorly in 
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the anteroposterior direction and rotated its position 
relative to the cranium resulting in an increase in HCA. 
While an undeniably strong relationship between the 
TMJ OA and the greater HCA was demonstrated, it 
is not easy to make a full judgment in the context of 
a cause-effect relationship. Although several studies 
investigated the HCA of patients with TMD and TMJ 
OA findings, the diagnostic value of this phenomenon 
has still been unclear because of various HCA values 
reported.
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Background: There is concern regarding immediate implantation in the molar 
region because of discrepancy between socket size and inserted implant diam-
eter. The purpose of this study was to assess the local anatomy of the posterior 
mandibular region in relation to immediate implant placement using cone-beam 
computed tomography (CBCT).
Materials and methods: Using CBCT imaging data, 204 mandibular first molars 
and 201 mandibular second molars were assessed for the interradicular and alve-
olar bone dimensions, tooth sizes and proximity to vital structures. The cross-sec-
tional mandibular shape and root configuration of these molars were determined.
Results: Distances to the inferior alveolar canal (IAC) from the root apices of 
the first molar were significantly greater than the second molar. Up to 14.5% of 
second molars had less than 10 mm of vertical bone height between the IAC and 
furcation bone crest. Interradicular bone width of < 3 mm was found in 57% 
of second molars. All first molars in this study had two to three roots while 16% 
of second molars presented with a single root. The prevalent mandible shape at 
the first and second molars was the parallel and undercut ridges, respectively. 
Conclusions: The mandibular second molars from samples of a Southeast Asian 
population presented with greater anatomical difficulties for immediate implant 
placement which include absent or inadequate interradicular bone thickness, 
higher incidence of unfavourable mandible shape and increased proximity to vital 
structures. (Folia Morphol 2022; 81, 3: 732–738)

Key words: cone-beam computed tomography, immediate dental 
implant loading, mandible, molar

INTRODUCTION
Dental implant is a popular treatment modality 

for replacing missing teeth. Immediate implant place-
ment (IIP) protocol has risen in popularity because it 
shortens treatment time and reduces the number of 

surgeries required. However, there is concern regard-
ing immediate implantation in the molar region as 
there is a discrepancy between the socket size and 
diameter of implant inserted. The primary stability 
in such cases is achieved by engaging the implant 
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fixture into the inter-radicular septal bone. Factors 
such as the proximity of the inferior alveolar canal 
(IAC), socket morphology, the availability of adequate 
inter-radicular septal bone and the presence of lingual 
concavities need to be considered prior to IIP at the 
mandibular molar region [15]. 

The advent of cone-beam computed tomogra-
phy (CBCT) has revolutionised craniofacial imaging. 
CBCT presents clinicians with high resolution images 
of anatomical structures such as bone topography, 
periodontal ligament, and root morphology. In ad-
dition, the CBCT DICOM data generated can be used 
to design and fabricate a three-dimensional surgical 
guide to facilitate implant placement in a prostheti-
cally driven position [11].

Previous studies on the morphology of posterior 
mandible in relation to IIP had been conducted pri-
marily among Caucasoid populations [1, 2, 5–7, 9, 12].  
Information pertaining to the Mongoloid (Southeast 
Asia) population remains scarce. In addition, not all 
studies looked into the interradicular bone, which is 
one of the primary areas of bone available for imme-
diate implant anchorage. 

This study aimed to evaluate the morphological 
features of mandibular first (M1) and second (M2) 
molars and their surrounding structures in a Mongol-
oid (Southeast Asian) population within the context 
of immediate implant placement, using CBCT images.

MATERIALS AND METHODS
A cross-sectional CBCT study was conducted at the 

Department of Oral and Maxillofacial Clinical Sciences, 
Faculty of Dentistry, University of Malaya between 
May 2020 and October 2020. Ethical approval was re-
ceived from the Medical Ethics Committee, Faculty of 
Dentistry with reference number: DF OS2020/081(L). 
All patients whose CBCT data was used in this study 
had provided written consent agreeing to release 
their imaging data for research/academic purposes. 

Cone-beam computed tomography imaging data 
of patients who visited the Oral Radiology Unit, Faculty 
of Dentistry, University of Malaya between 2010 and 
2015 was screened. Included were Malaysian patients 
of different ethnicities, aged between 18 and 60 years 
old, without mandibular deformities, and presenting 
with M1 and M2 molars on either/both sides of the 
lower jaw. Excluded were subjects with history of 
dentoalveolar trauma or mandibular pathology, mixed 
dentition, poor quality CBCTs and evidence of surgical 
intervention to the mandible.

The sample size was calculated with the following 
formula [4]: 

Sample size =
 

Z1-a/2
2 SD2

d2

where Z1-a = standard normal variate; SD = standard 
deviation of variable measured; d = absolute error 
or precision.

Based on the standard deviation of 2.61 from  
a previous study by Chrcanovic et al. [5]:

The sample size = 1.962 × 2.612
 = 104.7

                                              
0.52

Primary outcomes were the morphometric meas-
urements of the alveolar and interradicular bone 
of M1 and M2 and their cross-sectional mandible 
shapes. Secondary outcomes included proximity to 
the IAC, root configuration and tooth dimensions.

The CBCT scans were captured using the i-CAT 
Vision system developed by Imaging Sciences Inter-
national (Pennsylvania, United States). All images 
were taken according to a standard protocol. The 
exposure parameter (120 KvP, 3–7 mA, 20 s) and the 
image acquisition at 0.3 mm voxel size were done by 
the same radiographer. The images were obtained 
from scans acquired with 16 cm (diameter) and 13 cm 
(height) dimensions, and the DICOM was reconstruct-
ed using proprietary i-CAT image reconstruction soft-
ware. The following measurements were made: root 
length, distance between cementoenamel junction 
and the separation lines of the root cones, distance 
between separation lines of root cones to root apex  
(Fig. 1A), bucco-lingual and mesio-distal crown width 
(Fig. 1E), interradicular septal bone thickness (Fig. 2A),  
bucco-lingual width of cancellous portion of the 
alveolar bone (Fig. 2B), distance from the IAC to 
the crest of the interradicular septum and root apex  
(Fig. 2C, D). The mandible ridge form at M1 and M2 
was classified into convex, parallel or undercut type, 
based on the description by Chan et al. [3] (Fig. 3A–C). 
The root configurations of M1 and M2 were visualised 
on cross-sectional slices to detect the presence of 
C-shaped root, single fused root, or additional roots 
(Fig. 3D). Data analysis was completed using IBM SPSS 
Statistics software version 20. 

The radiographic measurements were performed 
by the principal examiner (H.J.Y.) with 3 years of 
post-graduation experience. For reliability testing, 
intraclass correlation coefficient (ICC) was determined 
according to the single measurement, absolute agree-
ment, 2-way mixed effects model by repeating the 
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Figure 1. Quantitative measurement of crown and root dimensions; A. Panoramic view; B. Axial view; C. Sagittal view; D. Coronal view;  
E. Additional cut planes; 1 — mesial root length; 2 — distal root length; 3 — crown height; 4 — root cone; 5 — root trunk; 6 — mesio-distal 
crown width; 7 — bucco-lingual crown width.

Figure 2. Sagittal and coronal section of the mandible;  
A. Mesio-distal width of interradicular bone at three different 
levels: crest of interradicular septum (1), 3 mm apical to in-
terradicular septum crest (2), and 6 mm apical to interradic-
ular septum crest (3); B. Bucco-lingual width of cancellous 
bone at three different levels: alveolar crest (4), 3 mm apical 
to alveolar crest (5) and 6 mm apical to alveolar crest (6);  
C. Distance between interradicular septum crest and inferior 
alveolar canal (7); D. Distance between root apex and inferi-
or alveolar canal (8).

measurements for 30 datasets 2 weeks after the in-
itial measurements. The ICC was 0.985 with a 95% 
confidence interval (CI) of 0.982–0.988. Therefore, 

the intra-rater reliability was excellent. An external 
examiner (W.C.S.) with 5 years of clinical experience 
was enlisted to determine the inter-rater reliability. 
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Both of them had been calibrated with the senior 
supervisor in oral and maxillofacial surgery with 14 
years of experience in using CBCT (W.C.N.) prior to the 
commencement of this study. The same ICC model was 
calculated, resulting in the ICC of 0.94 with a 95% CI 
of 0.88–0.97. Therefore, the level of reliability between 
different examiners was deemed as good to excellent.

Frequency distribution and descriptive statistics 
for each measurement were calculated. The normality 
of data was assessed using the Kolmogorov-Smirnov 
test. Independent samples t-test and Pearson χ2 test 
were used to compare findings between groups.  
A p-value of less than 0.05 was considered as statis-
tically significant.

RESULTS 
The study population had a mean age of 35.9 ±  

± 11.9 years. There were more males (64.5%) than 
females (35.5%) whose CBCT were included. The 
greatest proportion of the participants was Malay 
(41.8%), followed by the Chinese (33.6%) and Indian 
(20%) ethnicity (Table 1). 

Two hundred four M1 and 201 M2 were ana-
lysed, with no significant difference found between 
contralateral sides (p > 0.05). The crown size of M1 
was not significantly different than M2. All M1 had 
divergent roots while 16% of M2 were found to have 
fused roots (Table 2). M2 had significantly reduced 
interradicular bone thickness, greater alveolar bone 
width and closer proximity to the IAC compared to 
M1 (p < 0.001) (Fig. 4). Interradicular bone width  
< 3 mm was found in 76.8% of M2 and 44.6% of M1 
(Table 3). Furcation to IAC distance of less than 10 mm 
was found in 3% of M1 and 13.4% of M2 (Table 3).

There was a significant association between tooth 
type and both ridge form and root configuration  
(p < 0.001). The most common ridge form at the M1 
region was the parallel type (70.2%). The undercut 
ridge form was found in the majority (73.1%) of M2 
(Table 2). The distance to the IAC of female subjects 
was shorter when measured from the crest of the 

Table 1. Demographic data of study population 

Age [year] (mean ± SD) 36 ± 11.92 

Gender, n (%) Male 70 (63.6%)

Female 40 (36.4%)

Race, n (%) Malay 46 (41.8%)

Chinese 37 (33.6%)

Indian 22 (20%)

Others 5 (4.5%)

SD — standard deviation

Figure 3. Alveolar ridge classification and anatomical variation of mandibular molar roots; A. Parallel type; B. Convergent type; C. Undercut 
type; D. 1— radix entomolaris; 2 — C-shaped root.
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interradicular septum and mesial root apex (p < 0.05). 
On the other hand, males possessed greater root 
cone height of M1 and M2 than females (p < 0.05).  

DISCUSSION
In immediate molar implantation, the socket size 

is large when compared to the diameter of stand-
ard implants. When inter-radicular septal bone is 

inadequate to provide primary stability, clinicians 
are advised to insert implant fixtures into the bone 
beyond the inter-dental base to achieve primary 
stability [15]. 

Dimensional changes of the external socket walls 
were reported to be more pronounced at the buccal 
aspect following IIP of molars [10]. Bucco-lingually, 
we observed a cancellous bone width of > 8.5 mm 
at M1 and > 9.5 mm at M2, so hypothetically, even 
when resorption is factored in, there shall be ade-
quate bone to receive a wide diameter (≥ 4.5 mm) 
implant with little risk of thread exposure bucco-lin-

Table 2. Tooth dimensions, mandible shape and root configura-
tion of the first and second mandibular molars

M1  
(mean ± SD)

M2  
(mean ± SD)

P-valuea

Crown size [mm]:

Height 5.65 ± 0.90 5.74 ± 0.86 0.30

Mesio-distal 10.45 ± 0.76 10.22 ± 0.77 0.002*

Bucco-lingual 9.41 ± 0.86 9.44 ± 0.76 0.74

Root length [mm]:

Mesial 12.83 ± 1.64 11.61 ± 1.76 < 0.001*

Distal 12.31 ± 1.54 11.04 ± 1.56 < 0.001*

Root complex [mm]:

Root trunk 3.33 ± 0.55 3.36 ± 0.51 0.64

Root cone 9.83 ± 1.19 8.83 ± 1.17 < 0.001*

M1 
n (%)

M2 
n (%)

P-valueb

Mandible cross-sectional shape:

Parallel 138 (70.8%) 48 (25.3%) < 0.001*

Convergent 9 (4.6%) 2 (1.1%)

Undercut 48 (24.6%) 140 (73.7%)

Root configuration:

Single conical root 0(0%) 11 (5.7%) < 0.001*

Double roots 174 (89.7%) 162 (83.5%)

Three roots 20 (10.3%) 1 (0.5%)

C-shaped root 0 (0%) 29 (10.3%)

*Denote statistical significance (p < 0.05); aIndependent samples t-test; bPearson c2 
test; M1 — mandibular 1st molar; M2 — mandibular 2nd molar; SD — standard deviation

Table 3. Proportion of teeth with compromised recipient site for 
immediate implants

Tooth IRB  
< 3 mm

F-IAC  
< 10 mm

M-IAC  
< 2 mm

D-IAC  
< 2 mm

M1 86/193 
(44.6%)

6/204  
(3%)

14/204 
(6.9%)

18/204 
(8.8%)

M2 116/151 
(76.8%)

27/201 
(13.4%)

40/201 
(20%)

67/191 
(35%)

M1 — mandibular 1st molar; M2 — mandibular 2nd molar; IRB — interradicular bone 
width; F-IAC — bone height between furcation crest and inferior alveolar canal;  
M-IAC — bone height between mesial root apex and inferior alveolar canal;  
D-IAC — bone height between distal root apex and inferior alveolar canal

Figure 4. Bar graph demonstrating interradicular bone width (A), 
alveolar bone width (B) and proximity to inferior alveolar canal for 
mandibular first (M1) and mandibular second (M2) (C); IRB-0 — 
interradicular bone width at furcation crest; IRB-3 — interradicular 
bone width 3 mm apical to furcation crest; IRB-6 — interradicular 
bone width 6 mm apical to furcation crest; BLW-0 — bucco-lingual 
alveolar bone width at alveolar crest; BLW-3 — bucco-lingual 
alveolar bone width 3 mm apical to alveolar crest; BLW-6 — 
bucco-lingual alveolar bone width 6 mm apical to alveolar crest; 
F-IAC — bone height between furcation crest and inferior alveolar 
canal; M-IAC — bone height between mesial root apex and inferior 
alveolar canal; D-IAC — bone height between distal root apex and 
inferior alveolar canal; *indicates statistically significant difference 
between M1 and M2 (p < 0.05).
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gually [13]. Mesiodistally, both M1 and M2 showed 
incremental width of the inter-radicular septal bone 
apically, due to the mesio-distal convergence of their 
roots. The average distance from the crest of the 
interradicular septum to the IAC was greater than  
12 mm for both M1 and M2. A distance of less than 
10 mm was found in 2.7% of M1 sites and 14.5% of 
M2 sites. Taken together these findings suggested that 
it is safe to insert a 10 mm-length implant into the 
inter-radicular septal bone of M1 without risking pro-
trusion into the IAC. Combined with the finding that 
parallel mandible shape was predominant in about 
70% of M1, the risk of immediate implant perforation 
into the sublingual fossa is lesser in M1 than M2. 

As the prevalent mandible shape at M2 was the 
undercut type (73.1%), immediate implantation at this 
site is accompanied by a higher risk of lingual plate 
perforation. Moreover, 16% of M2 had a single root; 
therefore the immediate implant cannot engage the 
inter-radicular septal bone as it is non-existent. Instead, 
it shall be inserted into the apical bone. Vertically, 
most literatures recommended that implant should 
be placed at least > 3 mm apical to the extraction site 
[14]. Extra precaution is warranted, because even for 
two-rooted M2, the mesial and distal roots to IAC dis-
tances for M2 were on average, 3.78 ± 2.31 mm and 
3.03 ± 2.24 mm, respectively. These reduced distances 
as compared to M1 may not permit immediate im-
plant placement into the socket of M2 without risking 
damage to the inferior alveolar neurovascular bundle. 

While the above information suggested that verti-
cally it is safe to place a 10 mm long implant into the 
inter-radicular septal bone, its mesio-distal width is 
just sufficient to receive a standard diameter implant. 
Smith and Tarnow [15] proposed a classification sys-
tem for molar extraction sites for immediate implant 
placement. Type A socket is the situation when an 
implant is completely fixed within the septal bone, 
without gaps between the implant and the socket 
walls. In type B socket, the implant has adequate but 
incomplete septal bone, resulting in gaps following 
implant insertion. Lastly, type C socket has insufficient 
septal bone, resulting in the need to engage the 
implant at the periphery of extraction sockets [15]. 
The current findings suggested that the majority of 
extraction sockets belonged to type B in M1 and M2, 
with type C observed in 16% of M2. In type C sock-
ets, the primary stability will be provided by buccal, 
lingual and apical trabecular bone.

The geometry and anatomy of the mandible are 
crucial aspects that need to be considered carefully 

prior to immediate implantation. Previous studies 
observed that the undercut shaped ridge was the 
most common mandibular geometry at the poste-
rior region [5, 9]. According to a virtual IIP simula-
tion study, lingual bone plate perforation was more 
prevalent in U-shaped ridges, and more frequently 
affected the M2 sites [8, 16]. Similar findings re-
garding the anatomical limitations of M2 in relation 
to the IAC and sublingual fossa were observed in 
this study, which confirmed the findings of several 
studies [5–7, 9]. In contrast, the present study found 
that M2 demonstrated greater bucco-lingual width 
than M1. This broad alveolar crest observed easily 
allows for delayed implant treatment protocol. All 
facts considered, more M2 sockets observed in this 
study were not ideal for immediate implantation, as 
compared to M1.

Regarding gender differences in the parameters 
measured, our findings suggested that the distance 
of the IAC to the interradicular bony septum crest 
and mesial root apex was significantly lesser among 
female subjects. Therefore, female patients will face 
a higher risk of inferior alveolar neurovascular bun-
dle injury when the apical bone was used to achieve 
primary stability. 

Limitations of the study

The limitation of this study is that non-probability 
sampling method was used which might introduce 
selection bias. Therefore, inferences drawn from the 
data for the entire Malaysian population should be 
interpreted with caution. Moreover, the exact implica-
tions of these anatomical features during immediate 
implantation could be better appreciated with virtual 
implant simulation. 

CONCLUSIONS
This study showed that the inter-radicular bone 

of two-rooted M1 and M2, and the periphery of M2 
sockets with fused roots are possible sites for immedi-
ate implant placement. However, M2 sockets may be 
less ideal for immediate implantation on the account 
of their variable anatomy.
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Background: Bone wax, a haemostatic agent, is widely used in craniospinal surgical 
procedures for a long time, in spite of controversial results regarding its negative in-
fluence upon bone regeneration. In this experimental study, the effects of Ankaferd 
Blood Stopper (ABS), as an alternative haemostatic agent, were evaluated through 
histochemical, immunohistochemical and scintigraphic studies.
Materials and methods: The total of 30 adult female Wistar albino rats was randomly 
divided into three groups: intact control group (n = 10), bone wax group (n = 10), 
and ABS group (n = 10). Surgically, a 3.0 mm hole in diameter was drilled on the 
right side of calvarium of the rats using a Class Mini Grinder set in all three groups, 
as described previously. At the end of 8 weeks, bone healing and connective tissue 
alterations surrounding drilled calvarial defect areas of the rats were determined via 
haematoxylin and eosin and the Mallory’s trichrome staining and anti-bone sialoprotein 
immunohistochemistry. Image Pro Express 4.5 programme was used for histomorpho-
metric calculation of new bone and fibrotic tissue areas. All statistical analyses were 
made with SPSS 25.0 and analysis of variance (one-way ANOVA) followed by Bon-
ferroni post hoc test was performed, p < 0.001 was considered as significance level.
Results: Histomorphometrically, it was found that he had the largest hole diameter 
and the least fibrotic scar area in the bone-wax group. In the bone wax group, it 
was observed that the material closed the hole and there was only a fibrotic scar 
tissue in the area between the bone tissue at the edge of the hole and bone wax, 
and a fibrotic tissue was formed in the bone wax area. During the histological 
procedure, this bone-wax material was poured and the sections were seen as  
a gap in this area. In the ABS haemostat group, the smallest hole diameter and 
the least fibrotic scar tissue were observed. Fibrotic scar tissue close to each other 
was found in the ABS haemostat and bone wax groups. Histological analysis of
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INTRODUCTION
Today, cranial defect is one of the most frequently 

encountered problems in craniofacial reconstructive 
surgery, but there is still controversy about repair of 
cranial defects. Bone wax, which is frequently used as 
a haemostatic agent in the control of bone bleeding in 
surgical operations, is the oldest known and cheapest 
absorbable substance prepared by Horsley in 1892 
[see 1, 14]. It is a mixture of bee wax and isopropyl 
palmitate and is used in small pieces. Bone wax, 
which does not have any coagulation mechanism, 
stops the osseous bleeding in a physical way and it 
must be removed from the cavity properly after appli-
cation because it delays bone regeneration [21, 31]. 
Therefore, it has been suggested that this material 
should not be used in places exposed to pressure and 
expected to heal quickly. On the other hand, Ankaferd 
Blood Stopper (ABS), consisting of Thymus vulgaris 
(thyme), Glycyrrhiza glabra (liquorice), Vitis vinifera 
(grape vine), Alpinia officinarum (blue ginger), and 
Urtica dioica (nettle) plant extracts, has been used 
as an alternative haemostatic agent in folk medi-
cine for many years [5, 6, 12]. Recently, it has been 
widely used in some clinical trials for various tissue 
injuries as a topical agent for control of minor or 
major haemorrhages that occur spontaneously, such 
as gastrointestinal bleeding, or during or following 
some surgical interventions, including adenoidecto-
my and thyroidectomy [5, 7]. Thus, it is well-known 
that it has a very rapid haemostatic effect in clinical 
practice, but few studies have assessed the influence 
of ABS haemostat on connective tissue and bone 
healing. In a previous experimental study by Bulut et 
al. (2014) [4], it has been reported that use of ABS 
as a haemostatic agent caused a negative effect on 

proliferation, number, viability and morphology of 
fibroblast cells. In similar, Gul et al. (2020) [13] found 
that fibrosis was significantly higher in the ABS group 
in mucosal tissue, suggesting its positive effect on 
wound healing in rats.

Recent studies have revealed that bone sialopro-
tein (BSP) and osteocalcin (OC) are expressed with 
the initiation of mineralisation with type I, type II and  
type X collagens in the early period of bone formation 
[18, 29]. In past, some researchers have suggested 
that bone formation is reduced by impaired minerali-
sation in mice with BSP deficiency [18]. Furthermore, 
it has also been suggested that osteonectin (ON) and 
alkaline phosphatase (AP) in cells have important roles 
in bone healing process. Due to their effects on bone 
cell differentiation and mineral formation, therefore, 
ABS haemostat can be used for stimulation of bone 
regeneration and its effects upon bone cells such as 
osteoblasts and osteoclasts will be determined, if 
noncollagenous bone related proteins BSP, OC, ON 
and osteopontin (OP) are evaluated immunohisto-
chemically as bone formation markers.

On the other hand, three-phase bone scintigraphy 
is a non-invasive technique that shows the vascularity 
and osteoblastic activity of the bone. In their study 
using different bone grafts, Aygit et al. (1999) [2] 
evaluated vascularity and osseous changes with bone 
scintigraphy. In this study, they noted that bone scin-
tigraphy could be used as a non-invasive method to 
evaluate implant vascularity because of histological 
changes and scintigraphic findings.

Therefore, the objective of this study was to ana-
lyse the changes that occur in the bone tissue of rats 
subjected to bone wax and ABS haemostat applica-
tions, which are used as haemostatic agents in various 

samples also showed a statistical significance for fibrotic connective tissue area 
between groups (p < 0.05). Scintigraphically, osteoblastic activity related to blood 
flow in the animal taken from the group with application of ABS haemostat was 
more pronounced compared to the other two groups.
Conclusions: In our study, it has been concluded that the ABS yields affirmative 
effects on the bone healing, while bone wax leads to negative impact on the 
bone regeneration. Scintigraphic, histochemical and immunohistochemical data 
support the affirmative impact of the ABS haemostat application upon the bone 
regeneration apart from the quick stop of haemorrhage. (Folia Morphol 2022; 
81, 3: 739–748)

Key words: Ankaferd Blood Stopper haemostat, bone wax, calvarium, 
osteogenesis, rat
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surgical procedures for a long time, comparatively 
through histochemical, immunohistochemical and 
scintigraphic studies.

MATERIALS AND METHODS
Animals and experimental groups

In this study, 30 adult 200 g female Wistar albino 
rats were used for the experiment. The experimen-
tal protocol was approved by the Ethical Commit-
tee of Aydın Adnan Menderes University (HADYEK 
64583101/2016/78). Animals were housed in rat cag-
es in standard conditions (24 ± 2°C and 50 ± 5%  
humidity), exposed to 12:12-h light/dark cycle, fed 
with standardised rodent chow and tap water ad 
libitum access. Rats were divided into three groups  
as intact control group (n = 10), bone wax group  
(n = 10), and ABS haemostat group (n = 10). Then, 
critical-sized burr-hole defects (diameter: 3.0 mm) 
were produced in the calvarium of all rats under 

general anaesthesia. At the end of the 8 weeks all 
animals were sacrificed following scintigraphic study 
and cranial tissue samples were taken from the de-
fects for histological histochemical and immunohis-
tochemical analyses.

Surgical procedure for burr hole production in rat 
calvarium

In the current study, all surgical procedures were 
performed under general anaesthesia provided with 
intraperitoneal combination of ketamine (50 mg/kg)  
and xylasine (5 mg/kg) anaesthesia. Following heads 
of rats were shaved in an area of about 2 cm in 
diameter and cleaned with baticon, a hole 3.0 mm 
in diameter was opened on the right sides of the 
rats’ calvarium under sterile conditions, using an 
electric drill (CLASS Mini Grinder sets, PRC), and then 
the wound was closed, as described previously by 
Başaloğlu et al. (2021) [3] (Fig. 1).

Figure 1. The process of establishing the an-
imal model of bone defect as burr hole on the 
right side of the rat calvarium using a drill with 
3 mm in diameter.
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Three-phase bone scintigraphy

Before sacrification of the animals for histological 
examination, one rat was randomly selected from 
each group for scintigraphic study of the calvarium 
defect. Dynamic images were obtained immediate-
ly after the injection of 37 MBq Tc-99m methylene 
diphosphonate (MDP) into the tail vein and static 
images were obtained after 2-h of injection with  
a double-headed Siemens syngo via gamma camera. 
Static images were acquired with a parallel hole col-
limator in a 256 × 256 matrix as 500 Kcount ante-
rior and posterior views. Then, 10-min images were 
obtained from the rats’ calvarial defect regions with 
a pin hole collimator and one of them was used as  
a representative figures of the groups. Tracer uptake 
was evaluated semiquantitatively in addition to visual 
evaluation. Region of interest was defined around the 
extracted side and the accumulation of Tc-99m-MDP 
in the regions was measured by software programme.

Histological examination of rat calvarium

After sacrification, the calvarial defects of the 
rats were taken into 10% formalin solution for 24 h  
before decalcification process using 20% formic acid 
for 2 months. When softening of the tissue was ac-
ceptable tissues were processed with routine histo-
logical protocols and embedded in paraffin. Five µm 
sections were obtained by Leica RM 2145 microtome 
and after deparaffinisation haematoxylin and eosin 
(H&E), Mallory’s trichrome staining and anti-BSP (bs-
4729R, Bioss, 1:100) immunohistochemical staining 
were applied for evaluation of the effects of bone 
wax on bone osteogenesis in comparison with ABS 
haemostat. All slides were examined at 10–20× mag-
nification using an Olympus C5050 camera attached 
to Olympus BX51 light microscope.

histomorphometry

For histomorphometric analysis, hole diameter 
measurements and fibrotic scar areas in the sections 
were evaluated. Measurement for new ossification 
areas and fibrotic scar areas was also calculated us-
ing Image Pro Express 4.5 (Media Cybernetics, Inc., 
Rockville, MD, USA) programme. Thus, the effects of 
bone wax upon bone healing were compared with 
those of ABS haemostat.

statistical analyses

Data analysis was performed using IBM SPSS 
(Statistical Package for Social Sciences) Statistics for 

Windows, Version 25.0. (IBM Corp. Released 2017, 
Armonk, NY). Comparison between groups was made 
using the one-way analysis of variance method. Nor-
mality control was performed using the Shapiro-Wilk 
test, one of the obtained error estimates. Since there 
was no problem of adaptation to normal distribution, 
the study continued with one-way analysis of variance. 
Variance homogeneities were examined with Levene 
test, when there was no homogeneity problem, mul-
ti-group comparison was performed with F test; Bon-
ferroni test was used as post hoc tests. In cases where 
variance homogeneity was not provided, Welch’s test 
was used for multi-group comparison, Dunnett’s T3 
method was preferred as the post hoc test. All hypoth-
esis checks were carried out at the 0.05 significance 
level, so p < 0.05 was considered significant.

RESULTS
Macroscopic examination

After the scalp of the rats was skinned, the holes 
opened in the calvarium were observed macroscopi-
cally. When the skull dissection was performed macro-
scopically, images belonging to all groups were taken. 
Accordingly, it was determined that the control group 
was in a normal physiological recovery process. In the 
bone wax group, it was determined that the material 
filled the hole and kept the hole closed without any 
changes during the elapsed time. In the ABS haemo-
stat group, it was observed that the hole opened was 
closed in appearance and was better than the control 
group in terms of vascularisation (Fig. 2).

Microscopic examination 

Orientation of the hole in the bone was adjusted 
in microscopic sections and serial sections were taken. 
H&E and Mallory’s trichrome staining and anti-BSP im-
munohistochemical staining were performed to show 
the general structure in these sections. Importantly, 
these puncture structures were found to be filled 
with irregular dense connective tissue called fibrotic 
in both the control group and the ABS haemostat 
group (Fig. 2).

In the bone wax group, it was observed that there 
was fibrotic connective tissue in the area between 
the bone wax and the bone tissue at the edge of the 
hole where the material closed the hole, and there 
was no fibrotic tissue in the bone wax area. During 
histological follow-up, this bone wax material was 
seen as a gap in this area in the poured sections 
(Fig. 3).
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When the fibrotic connective tissue structure was 
examined at higher magnification, it was found that 
they contained fibroblast-like cells and type I collagen 
bundles. In the control group, new bone spicules were 
found, probably formed by intramembranous ossifi-
cation, where they settled in different regions within 
the connective tissue. More importantly, it was noted 
that this connective tissue area was small in the ABS 
haemostat group and ossification developed in most 
of the structure. With this appearance, it became the 
experimental group closest to the normal histologi-
cal structure of the other groups. Mallory’s trichrome 

staining showed that type I collagen bundles were 
stained blue, while the newly formed bone areas were 
red (Fig. 4). When the hole diameters were evaluated 
statistically, it was seen that the bone wax group had 
the largest hole diameter. It was found that the smallest 
hole diameter was in the ABS haemostat group. When 
the groups were compared with each other, a signifi-
cant difference was found between control group and 
ABS haemostat group (p < 0.001) as well as bone wax 
group and ABS haemostat group (p < 0.001) (Fig. 5A). 

When evaluated in terms of fibrotic scar area, it 
was found that the lowest scar area was in the bone 

Figure 2. Demonstration of the experimentally produced bone lesions in all rat groups; A. Control group; B. Bone wax group; C. Ankaferd 
Blood Stopper haemostat group.

Figure 3. Microscopic evaluation of all groups; A. Control group; B. Bone wax group; C. Ankaferd Blood Stopper haemostat group. Haematoxylin  
and eosin staining.
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wax group. We think that the reason for this is that 
the bone wax material has not been lost yet, which 
delays wound healing. There is a statistical signifi-

cance between control group and bone wax group 
(p < 0.001) as well as bone wax group and ABS 
haemostat group (p < 0.001) (Fig. 5B). When eval-

Figure 4. Microscopic evaluation of all groups showing; A. Control group; B. Bone wax group; C. Ankaferd Blood Stopper haemostat group. 
Top row: Mallory’s trichrome staining; Bottom row: Anti-bone sialoprotein staining.

Figure 5. Statistical evaluation graph of histomorphometric analysis. Graphical representation of hole diameter (A), fibrotic scar area (B), ossi-
fication area (C) and number of vessels (D) in all groups; *Comparison with control group; & Comparison with bone wax group.
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uated in terms of ossification areas, it was seen that 
the most ossification area was in the ABS haemostat 
group, while the least ossified area was in the bone 
wax group. There is a statistical significance between 
control group and bone wax group (p < 0.001) as 
well as bone wax group and ABS haemostat group  
(p < 0.001) (Fig. 5C). In terms of vascularisation, 
among the scar areas and ossification areas, it was 
seen that the most vascular structure was in the 
ABS haemostat group and the least in the bone wax 
group. The difference between control group and 
bone wax group (p < 0.001) as well as bone wax 
group and ABS haemostat group (p < 0.001) was 
found to be significant (Fig. 5D).

Bone scintigraphy

As a result of quantitative examination of the 
right and left parietal regions of the calvarium of the 
rats: in the rat in the intact control group, left 10.158 
count, right 10.541 count; in bone wax group, left 
12.008 count, right 12.325 count; and in the rat in 
the group with application of ABS haemostat, 18.513 
count on the left was found and 17.786 count on the 
right (Fig. 6). In the same rat, however, no significant 
result was obtained in terms of vascularity richness 

in ossification in the right and left parietal regions. 
Furthermore, a significant amount of adhesion was 
detected in the rats in ABS haemostat group when 
compared to that of other two groups. The images 
were obtained with the pin-hole collimator in each 
group and they were evaluated visually for vascularity 
and osteoblastic activity of the region. Based on the 
results of scintigraphic measurements, osteoblastic 
activity related to blood flow in the subject taken 
from the group with application of ABS haemostat 
was more pronounced compared to that of the other 
two groups (Fig. 6).

DISCUSSION
The experimental design, in which the rat was 

used as a model, as in many other experimental 
studies due to its advantages in terms of ease of 
purchase and maintenance, followed the research 
line established by Başaloğlu et al. [3]. Our results 
clearly showed that osteoblastic activity related to 
blood flow was evident in the scintigraphy taken 
from animal with application of ABS haemostat and 
histological findings confirmed the positive effect 
of the ABS haemostat application upon the bone 
healing, while bone wax as a haemostatic agent had 
a negative impact on the bone regeneration. Also,  
a statistical difference was found between the groups 
for the area of fibrotic connective tissue (p < 0.05).

The cranium, mostly composed of symmetrical 
and paired bones, is the most important bone area 
of the body because it is the main defence system of 
the brain and brain stem [28]. We can say that it is 
biologically more inert because it has a different blood 
supply structure than bone marrow and other bones 
[22]. It protects the brain from the central nervous 
system elements that ensure regular and harmonious 
working coordination of vital functions. Therefore, 
there are many publications and experimental studies 
about the healing of cranial defects in the current 
literature.

When the literature was reviewed on how these 
substances used in the control of bleeding affect 
bone healing, it has been determined that significant 
differences can be detected in first 30 days [1, 9, 15]. 
In animal experiments, critical dimensional defect was 
defined as the smallest size bone wound that did not 
heal spontaneously throughout life without using any 
material [8, 25]. Such defects tend to fill with fibrous 
connective tissue and heal this way rather than by 
bone filling [10, 24]. In their study, Turnbull and 

Figure 6. Scintigraphic imaging in rats; A. Control group; B. Bone 
wax group; C. Ankaferd Blood Stopper (ABS) haemostat group. 
Results of scintigraphic measurements show more pronounced 
osteoblastic activity depending on blood flow. In the lower part,  
the results obtained are also shown graphically.
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Freeman (1974) [30] examined the 2-mm-diameter 
experimental defects in the parietal bones of rats in 
terms of healing for 12 weeks and it was observed 
that there was no significant improvement at the end 
of this period. Mulliken and Glowacki (1980) [19] ex-
amined 2 mm parietal bone defects. While they could 
not find a bone filling at the end of the 6th month in 
control defects, they reported that they encountered 
bone formation in the experimental group where they 
applied demineralised bone powder [19].

Howard and Kelly (1969) [15] found that bone wax 
negatively affected healing in an experimental study 
they performed in rat tibia. They found that while 
there was almost complete recovery in the control 
group of rats that were sacrificed on day 31, the 
material was not resorbed and delayed osteoblastic 
activity in the group treated with bone wax [25]. 
Nooh et al. (2014) [21] used two haemostatic agents, 
surgicel and bone wax, in the bone defects formed in 
the lateral direction of the right and left metacarpal of 
goats. Sacrificed animals were subjected to computed 
tomography and histological examinations at 3 and  
5 weeks. As a result, they stated that the surgicel 
group was superior to the bone wax group in terms of 
bone healing, and bone wax prevented osteogenesis 
and caused inflammation [21]. Raposo-Amaral et al. 
[23] performed histological and radiological exam-
ination of the use of bone wax in rats with cranial 
defects. After the surgery, computed tomography 
scan of the rats was performed at 12th week and 
as a result, they found that bone wax significantly 
reduced the bone rate, caused 18% in the healing of 
the cranial defect and caused fibrosis with infection 
in rats [23]. Similar results were obtained in animals 
treated with bone wax in our study, although the 
drill-opened defect area appeared to be closed mac-
roscopically, this area melted after acid treatment and 
little fibrotic tissue remained. This situation suggests 
that bone wax prevents mineralisation. In this group, 
the intensity of osteoclastic activity along with osteo-
blastic activity is also noteworthy. Bone regeneration 
and bone resorption continue almost simultaneously. 
In intact control group, very few new bone spicules 
were encountered due to intramembranous ossifica-
tion. The fact that intact control group has a higher 
ossification pattern compared to bone wax group 
suggests that it is significant in terms of revealing 
the negative effect of bone wax on ossification again. 
This situation is again consistent with similar studies 
in the literature [11].

On the other hand, however, there are quite a few 
studies in the literature regarding bone healing, both 
early and late, and similar to our study, there are also 
literature studies involving advanced bone healing. In 
previous histological studies investigating the effects 
of ABS on the bone tissue, it was found to have an 
acceleratory effect on the short-term bone healing 
process in samples taken on the 7th postoperative 
day [16, 27]. Recently, Kuruoğlu et al. (2017) [17] 
evaluated the late effects of the combination of ABS 
and β-tricalcium phosphate (TCP) using immunohis-
tochemical methods and they found the bone healing 
effects of ABS haemostat in their study. Afterwards, 
Tanık et al. (2018) [29] also investigated the late pe-
riod effects of the combination of ABS and β-TCP on 
the regeneration of bone tissue in rats. They found 
that both β-TCP and ABS had positive histological and 
radiological effects on wound healing and bone for-
mation in samples taken on day 56 after surgery [29]. 
In the first macroscopic examination we observed in 
our study, it was determined that the group with the 
appearance of scar tissue most closely resembling 
normal structure was the group with application of 
ABS haemostat, suggesting a positive effect of ABS 
haemostat on wound healing. 

Histologically, in the Mallory’s trichrome staining, 
type I collagen bundles were stained in blue, and the 
newly formed bone areas were red in all groups in our 
study. In terms of hole diameters, it was determined 
that the bone wax group had the largest hole diam-
eter and the ABS haemostat group had the smallest 
hole diameter. A statistically significant difference was 
found between control group and ABS haemostat 
group (p < 0.001) as well as bone wax group and 
ABS haemostat group (p < 0.001). When evaluated in 
terms of fibrotic scar area, it was found that the lowest 
scar area was in the bone wax group. We think that 
the reason for this is that the bone wax material has 
not been lost yet, which delays wound healing. There 
is a statistical significance between control group 
and bone wax group (p < 0.001) as well as bone 
wax group and ABS haemostat group (p < 0.001).  
In the literature review, however, immunohistochem-
ically studies on bone repair of ABS haemostat are 
limited. In their experimental study in which they 
evaluated the use of platelet-rich plasma together 
with autogenous bone graft in the repair of bone 
defects by immunohistochemical analysis, Nagata et 
al. (2009) [20] found that the expression of OC and 
OP was significantly higher in the platelet-rich plasma 
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group. In our study, ossification is present in all three 
groups, although it seems that the mineralisation has 
not yet been completed. Therefore, absence of any 
analysis for inorganic material content of bone tissue 
mineralisation and difference of drilled defects from 
those in humans in terms of bone remodelling are lim-
itations of our study. Moreover, lack of any imaging 
or mechanical study investigating the bone healing 
is another limitation of the study. Future studies in-
cluding immunohistochemical determination of bone 
related proteins in the early stages of bone healing 
are needed for better understanding of impact of the 
ABS haemostat application upon bone remodelling 
apart from the quick stop of haemorrhage.

It is well-known that three-phase bone scintig-
raphy is a non-invasive technique showing the vas-
cularity and osteoblastic activity of the bone. Based 
on their findings in a study, Aygit et al. (1999) [2] 
stated that bone scintigraphy could be used as  
a noninvasive method in evaluating implant vascu-
larity because histological changes and scintigraphic 
findings were parallel. Tc-99m MDP is a radiophar-
maceutical that can chemically adhere to all bones in 
the skeletal system after intravenous administration. 
It shows a significant accumulation especially at the 
points where bone metabolism increases. The com-
mon features of radiopharmaceuticals such as MDP, 
hydroxydiphosphonate (HDP) and hydroxymethylene 
diphosphonate (HMDP) marked with Tc-99m are that 
the diphosphonate core in their structure acts like 
hydroxyapatite, which is the basic building block of 
bone, and accumulates reversibly on bone surfaces 
and shows osteoblastic activity depending on blood 
flow. In this way, all bones belonging to the skeletal 
system get rid of the soft tissue effect and become 
visible in a plain state [26]. Diphosphonates attach to 
hydroxyapatite crystals, one of the main components 
of the bone matrix, by physicochemical absorption. 
This amount of adhesion varies according to the 
blood supply and osteoblastic activity in that area. 
Organization of haemostasis is of primary importance 
in fracture or defect repair. When scintigraphic im-
aging was performed there was no clear difference 
between the groups. Although MDP is a chemoab-
sorbable substance in all bones of the skeletal system, 
it shows a significant accumulation in places where 
bone metabolism is increased. Radiopharmaceuticals 
such as MDP, HDP, and HMDP act as hydroxyapatite, 
which is the main component of bone, and show 

osteoblastic activity due to a reversible blood flow at 
the bone surfaces [28]. Although there are not many 
such studies in the literature, we think that perform-
ing bone scintigraphy in weekly periods starting from 
the defect opening will be more beneficial as it will 
provide comparable and observable data.

CONCLUSIONS
Bone fractures due to trauma or surgical opera-

tions are conditions that can be encountered in all 
stages of life. The primary functions of ABS haemo-
stat and bone wax, which are used as haemostatic 
agents in neurosurgery, orthopaedic and traumatolo-
gy surgery, oral and maxillofacial surgery, are to stop 
bleeding quickly. Taken as whole, our results showed 
that: (1) Histological, immunohistochemical and bone 
scintigraphic data support the positive effects of ABS, 
consisting of folkloric medicinal plant extracts, on 
bone healing as well as stopping bleeding rapidly. It 
was concluded that ABS haemostat also had a positive 
effect on bone regeneration, while bone wax had  
a negative effect on regeneration of the rats’ calvarial 
defects; (2) We think it is important in various surgi-
cal procedures, to choose a blood stopping agent, 
such as ABS, that will both provide rapid control of 
bleeding and accelerate regeneration by helping bone 
repair. However, the effectiveness of this product as  
a therapeutic modality for possible future clinical ap-
plications should be evaluated for all types of bones, 
including extracranial, spongy and cortical, apart from 
cranial ones; (3) Furthermore, this study also suggests 
that the anti-inflammatory and antimicrobial proper-
ties of the plant ingredients of antihaemorrhagic ABS 
should be evaluated in terms of preventing various 
complications during the operation and postoperative 
period in future studies.
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Background: The aim of the study is to analyse the demographic and anatomical 
details of the Huschke’s foramen (HF) which have not been previously studied 
and to present a new clinical perspective. 
Materials and methods: Multidetector computed tomography (MDCT) images of 
495 patients were retrospectively evaluated. Presence of a HF, its’ size, relations 
to side, age and gender were noted for every patient. Size of the foramen was 
measured in the axial plane, as well as on the reconstructed coronal and sagittal 
planes.
Results: Of the 495 patients 99 (20%) had HF. There was no significant difference 
between females and males according to the presence of the HF and the side of 
the HF. When the dimension of the left- and the right-sided HFs were compared, 
there were no significant differences on none of the axes for the patients with 
unilateral or bilateral HF. There was no significant linear correlation between age 
and the dimension in the axial axis, the dimension in the sagittal axis and the 
dimension in the coronal axis
Conclusions: The present work presenting morphologic and statistical variables 
of HF provides data for further studies which will indicate risk factors of herniation 
through HF. By the aid of MDCT, which is sensitive method for detection of the HF 
because of its thin sections, high spatial resolution, and multiplanar capabilities, 
lesions which were previously diagnosed as dehiscence were found to be defects. 
(Folia Morphol 2022; 81, 3: 749–755)

Key words: Huschke’s foramen, multidetector computed tomography, 
herniation, coronal diameter

INTRODUCTION
Huschke’s foramen (HF) is a developmental defect 

located on the antero-inferior wall of the external 
auditory canal (EAC) and communicates this canal to 
mandibular fossa. HF was first described by German 
anatomist and embryologist Emil Huschke in 1844 
as ‘Incisura meatus auditoria externi ossei’ (Fig. 1) 
[15, 16, 20].

At birth, tympanic plate is a U-shaped, incom-
pletely developed structure. At the first year of life, 
two ossification points, one anterior and one poste-
rior to U shaped bone, grow towards each other and 
fuse. Tympanic plate ossifies and closes around the 
age of 5 years. Incomplete fusion leads to persistent 
HF [5, 6, 11].
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Incidence of HF reported in the literature varies 
in a range from 3% to 25%. Patients with HF may be 
asymptomatic or may suffer from otalgia, otorrhoea, 
mastication-induced tinnitus, malocclusion and click-
ing sense during mastication. Moreover temporoman-
dibular joint (TMJ) herniation from HF may lead to 
conductive hearing loss [2, 4, 13, 15, 17, 18, 21, 23].

Otorrhoea in patients with HF may develop due 
to salivary fistula between parotid gland and EAC  
[7, 18]. Clear discharge induced by mastication due to 
synovial fluid flow through a fistula interconnecting 
TMJ and EAC is another cause of otorrhoea. HF may 
present with the drainage of odontogenic abscesses 
and infectious or tumoural spread [11]. Medical con-
ditions such as persistent otorrhoea, otitis externa, 
pain, hearing loss, tinnitus, and malocclusion are 
surgical indications and can be treated by grafts such 
as fascia, cartilage or miniplates. Conservative therapy 
options consisting of an anxiolytic, muscle relaxant, 
and soft diet are also defined in the literature [23, 30].

In the literature, there are radiologic, cadaveric 
and clinical studies examining HF. In this study, we 
aimed to define the prevalence and dimensions of 
the HF in living individuals based on objective data of 
multidetector computed tomography (MDCT) images 
and evaluate the differences related to side and gen-
der. Preoperative detection of HF is an advantage for 
surgeons to avoid complications. The results of this 
study will be especially useful for surgeons dealing 
with otorhinolaryngology. 

MATERIALS AND METHODS
This retrospectively planned radiologic study was 

carried out in Ankara Yıldırım Beyazıt University Med-

ical Faculty. MDCT images of 495 patients obtained 
for head and neck pathologies from 2019 February 
to 2020 January were evaluated in the radiology 
department. A senior radiologist (H.Ç.) analysed the 
MDCT studies. Patients with history of head trauma, 
cholesteatoma, mandibular or temporal bone frac-
ture, previous ear surgery and TMJ surgery and those 
younger than 5 years were not included in this study. 
The age-, gender- and side-related changes for each 
measure were statistically analysed.

All CT images were obtained using a 128-MDCT 
scanner (Revolution EVO, General Electrics Medi-
cal Systems USA) with 0.312-mm collimation and  
a 512 × 512 matrix. Transverse scans were acquired 
in a plane parallel to the orbitomeatal plane in the 
helical mode with 140 kV, 280 mAs, 1-second rota-
tion time, 0.625-mm section thickness, beam pitch 
of 0.531, and field of view of 180 mm. The obtained 
image data were stored as a DICOM file and were 
transferred to a workstation, then the CT post pro-
cessing workstation was used for multiplanar recon-
struction, and the main rows of coronal and sagittal 
image reconstruction was performed. These images 
were displayed at a window centre of 500 HU and 
a window width of 3000 HU. For every patient, we 
noted the presence of a foramen and its size. We 
measured the size of the foramen in the axial plane, 
as well as on the reconstructed coronal and sagittal 
planes.

Ethics committee approval was received from Clin-
ical Research Ethics Committee of the Ankara Yıldırım 
Beyazıt University Medical Faculty (Decision number: 
26379996/128).

statistical analysis

The distributions of age and the dimensions of the 
HF in axial, sagittal and coronal axes were examined 
by Shapiro-Wilk’s test and normality plots. Age was 
summarised by median (min–max), while both mean 
± standard deviation (mean ± SD) and median (min– 
–max) were assessed for dimensions. Frequency and 
percentage (%) were reported for gender and side. 

The males and females were compared with re-
spect to the presence of HF and its side by χ2 tests. 
The dimensions of left- and right-sided HFs in axial, 
sagittal and coronal axes were compared by the in-
dependent t test in the patients with unilateral HF 
and by paired t-test in the patients with bilateral HF. 
The correlations between the age and dimensions 
were analysed by Generalised Linear Mixed Model 

Figure 1. Three-dimensional image of right temporal bone. Defect 
on the anterior wall of the bony external auditory canal (yellow 
arrow). Image of mandible is removed. 
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(GLMM) with random slope for sides to consider the 
inter-individual correlation between the dimension 
measurements. Spearman and Pearson correlation 
analysis were performed to evaluate the relationship 
between the age and dimensions of the left- and 
right-sided HFs, separately. A p value < 0.05 was 
considered as statistically significant.

All statistical analyses were performed via IBM 
SPSS Statistics 22.0 (IBM Corp. Released 2013 IBM 
SPSS Statistics for Windows, Version 22.0, Armonk, 
NY, IBM Corp.). 

RESULTS
The median age of 495 individuals was 37 years 

(min–max: 14–76). Approximately 45% (n = 221) of 
the individuals were female. Twenty per cent (n = 99) 
had HF. Out of them, 43 (8.7%) had HF in the right 
ear, 35 (7.1%) had HF in the left ear and 21 (4.2%) 
had bilateral HF. Of the females, 20.8% (n = 46) and 
19.3% (n = 53) of the males were shown to have HF 
(Table 1). There was no significant difference between 
females and males according to the presence of HF 
(p = 0.684) and the side of HF (p = 0.124).

The mean dimension of the right-sided HFs was 
3.36 ± 0.74 mm in the axial axis, 3.48 ± 0.79 mm in 
the sagittal axis and 3.17 ± 0.73 mm in the coronal 
axis. The mean and median dimension of the left-sid-
ed HFs are given in Table 2. 

When the dimension of the left- and the right-sid-
ed HFs were compared, there were no significant 
differences on none of the axes for the patients with 
unilateral or bilateral HFs (Table 3). 

The GLMM analysis showed there was no sig-
nificant linear correlation between age and the di-
mension in the axial axis (p = 0.983), the dimension 
in the sagittal axis (p = 0.923), and the dimension 
in the coronal axis (p = 0.982) of the HF. When the 
correlation between age and the dimension of the HF 
was evaluated for left- and right-sided HFs separately, 
the results were the same (p > 0.05).

DISCUSSION
We encountered many publications in the litera-

ture in which HF was analysed by different research 
techniques based on methodology. Wang et al. [29] 
found the prevalence of HF was 7.2% in their osteo-

Table 1. Distribution of Huschke’s foramen (HF) and side based 
on gender

Total Female Male P

HF 0.684

Absent 396 (80.0%) 175 (79.2%) 221 (80.7%)

Present 99 (20.0%) 46 (20.8%) 53 (19.3%)

Side 0.124

Right 43 (35.4%) 25 (54.3%) 18 (34.0%)

Left 35 (43.4%) 13 (28.3%) 22 (41.5%)

Bilateral 21 (21.2%) 8 (17.4%) 13 (24.5%)

Table 2. Dimension of Huschke’s foramen in three axes

Size [mm] Mean ± SD Median (min–max)

Right (n = 64)

Axial 3.36 ± 0.74 3.40 (1.6–4.8)

Sagittal 3.48 ± 0.79 3.60 (1.9–5.0)

Coronal 3.17 ± 0.73 3.30 (1.5–4.3)

Left (n = 56)

Axial 3.33 ± 0.96 3.60 (1.3–5.2)

Sagittal 3.42 ± 0.95 3.75 (1.5–5.3)

Coronal 3.16 ± 0.95 3.45 (1.2–5.5)

SD — standard deviation; min — minimum; max — maximum

Table 3. Dimension comparison of left- and right-sided Huschke’s foramen in unilateral and bilateral individuals 

Left Right P

Mean ± SD Median (min–max) Mean ± SD Median (min–max)

Unilateral N = 35 N = 43

Axial 3.45 ± 0.88 3.8 (1.3–5.2) 3.43 ± 0.66 3.4 (1.6–4.5) 0.919

Sagittal 3.55 ± 0.92 3.8 (1.5–5.3) 3.54 ± 0.72 3.6 (1.9–4.8) 0.993

Coronal 3.23 ± 0.87 3.4 (1.2–5.0) 3.25 ± 0.70 3.4 (1.5–4.3) 0.945

Bilateral N = 21 N = 21

Axial 3.13 ± 1.06 3.1 (1.7–5.1) 3.22 ± 0.90 3.3 (1.8–4.8) 0.813

Sagittal 3.22 ± 0.99 3.3 (1.9–4.6) 3.36 ± 0.92 3.6 (2.0–5.0) 0.701

Coronal 3.04 ± 1.09 3.5 (1.5–5.5) 3.01 ± 0.77 3.2 (1.7–4.3) 0.925

SD — standard deviation; min — minimum; max — maximum
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logical study on 377 skulls. Bhanu et al. [1] presented 
38% HF prevalence, but the materials included in the 
study consisted of skulls and single temporal bones of 
unknown sexes and age which did not provide accu-
rate data to evaluate demographic statistics. Pękała et 
al. [19] compared radiologic and osteological studies 
and concluded that HF is more prevalent in cadavers 
(21.2%) than in radiologic studies (8.8%), but their 
results are not statistically significant. Osteological 
studies contribute valuable data to literature but 
to our opinion exact demographic data and dimen-
sions of an anatomical feature are well defined on 
radiologic images. Besides, skull collections do not 
reflect single population and proper dimensions of 
an anatomical feature may not be claimed clearly due 
to possible trauma injuries. Age-, gender-, size- and 
side-related differences of bilateral structures are 
properly presented in radiologic studies (Table 1).

Tucunduva et al. [27] reported HF prevalence of 
12.7% in their study including 150 patients’ cone- 
-bean computed tomography (CBCT) findings. Wang 
et al. [29] reported prevalence of 0.45% in osteolog-
ical study performed on 377 dry skulls. Twelve per 
cent frequency was reported by Hashimato et al. [8] 
in their study including 997 dry skulls. In CBCT stud-
ies of Deniz et al. (200 cases) [3] and Tozoğlu et al. 
(207 cases) [26] prevalence of the feature was found 
11.5% and 17.9%, respectively. Our data included 
MDCT findings of 495 patients and the prevalence 
detected was 20% (Table 1). Prevalence of HF in our 
data is not in consistent with the previously reported 
prevalence range in the literature. Because of the 
highly qualified technical details of MDCT device, 
smaller lesions which were previously misdiagnosed 
as dehiscence are proven to be defects. To our opinion 
high prevalence found in the present study is due 
to advanced technical details of imaging. Besides 
larger patient number is an additional value of the 
present study particularly showing the accuracy of 
descriptive statistics. 

Present study provides scientific data to literature 
by presenting morphometry of HF and its’ relations 
to side, age and gender. We measured dimensions of 
HF in three axes to reveal accurate sizes of this ana-
tomical defect (Figs. 2–5). Of the three axes, coronal 
diameter, which was found to be the least one, was 
not measured in the previous publications. Lacout et 
al. [12] identified the foramina on axial images and 
confirmed their existence on coronal and sagittal 
reformatted MDCT images in their study consisting 

of 102 cases, but they only presented mean size of 
4.2 mm in the axial plane and 3.6 mm in the sagittal 
plane. No attribute to coronal measurements was 
encountered.

Figure 2. Axial computed tomography image of temporal bone. Nor-
mal anteroinferior wall of external auditory canal (yellow arrows).

Figure 3. Axial computed tomography image of external auditory 
canal. Defect on the anterior wall of the bony external auditory 
canal (yellow arrows).

Figure 4. Sagittal computed tomography image of external audito-
ry canal. Defect on the anterior wall of the bony external auditory 
canal (yellow arrows).
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Dimensions of an anatomical defect have critical 
importance to prevent potential complications and 
should not be measured in one plane. During TMJ 
arthroscopy, endoscopes with diameter smaller than 
3 mm may cause tympanic membrane perforation, in-
cus dislocation, salivary gland fistula and facial nerve 
damage by penetrating into the HF [6]. Van der Meer 
[28] concluded that spread of necrotizing external 
otitis from EAC to surrounding structures is associated 
with the increased size of HF. They performed their 
study on 39 cases with necrotizing external otitis 
and classified the HF as subtle, mild, moderate, or 
extensive dehiscence according to maximum width 
in the axial plane. Diameter of HF was measured only 
in axial plane in the mentioned study. In our study 
HF was analysed in three dimensions and coronal 
diameter was found to be the smallest one (Fig. 5, 
Tables 2, 3). Misleading point of mentioned study is 
that the coronal diameter not included in their study 
is the smallest one. Besides, HF was classified into 
four groups according to the axial diameter. To our 
opinion, measurements taken in a single plane are not 
scientifically appropriate when making a classification 
based on size.

Size of HF is reported to be an indicator of her-
niation but we did not come across a study in the 
literature indicating a cut off value for any diameter 
of HF which is more likely to allow herniation. Mittal 
et al. [15] reported that herniation is seen in one 
fourth of the cases with HF and is directly related to 
size of HF. Shapiro and Osborn [23] reported that 30 

cases with herniated mandibular condyle into EAC 
were reported in the international literature. How-
ever, least size leading herniation is not presented in 
both publications. Prospective case series having the 
patient open and close the mouth while performing 
MDCT will show the displacement of tissue, which is 
critical for the diagnosis of the least HF diameter lead-
ing herniation. Studies with two stages of radiologic 
imaging with open and closed mouth will determine 
cut off value of diameter allowing herniation. Besides 
it will guide physicians to make the right decision 
between conservative or surgical treatment options. 
Although our study has a limitation from this point 
of view, it can inspire future studies.

Herniated tissue of TMJ through HF may mimic  
a mass and narrows EAC [28]. Acquired or congen-
ital stenosis of EAC leads to conductive or mixed 
hearing loss. Differential diagnosis of mass in EAC 
leading to stenosis consists of exostosis, choleste-
atoma or osteoma [14, 22]. Although herniation of 
TMJ through HF is a rare condition, radiologists may 
encounter this issue in daily practice [24]. Once this 
lesion is encountered, accurate differential diagno-
sis requires radiologist to be well experienced. They 
should take herniation into consideration when eval-
uating EAC pathologies. When opening the mouth, 
forward movement of herniated tissue of TMJ leads 
to a normal appearance of EAC [23]. It must be kept 
in mind of surgeons and radiologists to a correct 
preliminary diagnosis. The present study presenting 
morphologic and statistical variables of HF provides  
a data for further studies which will indicate risk 
factor of herniation through HF. 

CONCLUSİONS
The present study contains complementary data 

on the missing points of publications in the litera-
ture. It was performed by an experienced radiologist 
on MDCT which is sensitive for detection of the HF 
because of its thin sections, high spatial resolution, 
and multiplanar capabilities. All demographic and 
morphometric details are revealed with the highest 
number of patients examined to date. To our opinion, 
the study that would be scientifically valuable to be 
done in the future is a prospective study that presents 
cut off value of coronal diameter of HF leading herni-
ation. Present study gives an idea about risk factors 
of herniation for the suggested future study. 

Figure 5. Coronal computed tomography image of external auditory 
canal. Defect on the anterior wall of the bony external auditory 
canal (yellow arrows).
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Background: In this study, the purpose was to determine the anatomical local-
isations of the cervical oesophagus length, hiatal clamp, and oesophagogastric 
junction depending on age and gender in patients who undergo oesophagogas-
troduodenoscopy (EGD).
Materials and methods: The images of the patients who underwent EGD be-
tween 2018 and 2020 were analysed retrospectively in this study. The distance 
of the anatomical localisations of the cervical oesophagus length, hiatal clamp, 
and oesophagogastric junction to the anterior incisors, and the relations of this 
distance with the demographic characteristics and clinical manifestations of the 
patients were investigated on the EGD data.
Results: A total of 298 patients (174 women, 124 men) were included in the 
study. The cervical oesophagus length and the distance of the oesophagogastric 
junction and hiatal clamp localisation of the patients were found to be 15.06 ±  
± 0.57 cm, 37.51 ± 2.23 cm and 38.62 ± 2.23 cm, respectively. It was also 
found that the mean values of all lengths in males were higher at a statistically 
significant level than in females (p < 0.001; p < 0.01). 
Conclusions: Knowing these anatomical localisations may be important in 
predicting complications that may occur in this region in EGD and planning the 
precautions to be taken. We also believe that it will guide clinicians in determin-
ing hiatal hernia and related deficiencies. (Folia Morphol 2022; 81, 3: 756–765)

Key words: oesophagogastroduodenoscopy, cervical oesophagus length, 
hiatal clamp, oesophagogastric junction

INTRODUCTION
Endoscopic examination of the gastrointestinal 

system (GIS) is accepted as the gold standard all 

over the world [17]. Oesophagogastroduodenoscopy 
(EGD) includes the imaging of the oropharynx, oe-
sophagus, stomach, and proximal duodenum. The 
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oesophagus, after the oropharynx, is approximately  
25 cm long and has the form of a collapsed tube 
unless inflated. It has three parts; the pars cervicalis 
extends from the lower edge of the cartilago cricoidea 
to the incisura jugularis at the level of the C6–T2 ver-
tebra (5–8 cm). Pars thoracica is located at the level of 
T2–T10 vertebrae in mediastinum superius and poste-
rius (15–18 cm). Pars abdominalis is the part (1–3 cm)  
passing through the hiatal clamp at the level of T10 
vertebra and extending to the ostium cardiacum. 
Oesophagogastric junction is usually 40 cm after the 
anterior incisors [17]. Although the oesophagogastric 
junction is not an endoscopically visible part in pa-
tients without a hiatal hernia, it is considered to be 
the Z line where the lower oesophageal sphincter is 
also located. The hiatus oesophagus is the opening 
on the diaphragm where the oesophagus passes 
from the thorax to the abdomen, and is one of the 
three openings of the diaphragm localised in the crus 
dextrum. This opening is at the T10 level, elliptical, 
and is located in the muscular part of the diaphragm 
with a diameter of approximately 2.5 cm and 2–3 cm 
in length in the left posterior upper part of the hiatus 
aorticus slightly to the left at the middle part. This 
anatomical localisation, which is clinically called the 
hiatal clamp, is detected below the oesophagogastric 
junction on average 1 cm if viewed with EGD [7]. In 
the present study, hiatus oesophagus was used as the 
distance of the hiatal clamp to the anterior incisors, 
which is in line with the literature.

The stomach fundus, which begins after it passes 
through the oesophagogastric junction at the level of 
the thoracic eleventh vertebra, continues down and 
to the left with the corpus. The region that is called 
incisura angularis at the entrance of the antrum py-
loricum in the stomach is an important point for EGD 
because it is the most common area of helicobacter 
pylori. Following the pars horizontalis (1st part), which 
is approximately 5 cm, of the duodenum that consists 
of four parts, the pars descendens (2nd part) begins 
as the part EGD process ends [10, 17].

Oesophagogastric junction is an important an-
atomical area with its basic functions. Where the 
oesophagus ends and the stomach begins is discussed 
among histologists, physiologists, gastroenterolo-
gists, radiologists, and surgeons for many years. It is 
important to understand that there are differences in 
the normality range which will be recognised and in-
terpreted easily by an experienced gastroenterologist. 
Although monomeric evaluation is needed to evaluate 

functional disorders, biopsy and EGD are essential 
to diagnose structural and histological abnormal-
ities [30]. This diagnostic and therapeutic method 
might lead to some life-threatening complications. 
The most common cause of oesophageal perfora-
tions are particularly these iatrogenic damages. The 
incidence of this condition varies between 0.0009% 
and 0.01% [25]. Such iatrogenic injuries are most 
commonly detected in the part called “the cervical 
oesophagus”. For this reason, preserving the tubular 
structure of the oesophagus when the oesophagus is 
entered is the most important aspect to be considered 
in this regard. However, since the oesophagogastric 
junction shows continuous peristalsis, the normal 
change in the mucosa can usually be distinguished 
with a little excess air insufflation [17]. Determining 
the length of these areas, which were mentioned in 
the present study, will guide the endoscopy specialist 
who performs the procedure to be more careful in 
the detected lengths when s/he passes through these 
and similar risky areas.

In the present study, the purpose was to deter-
mine the anatomic localisations of cervical oesoph-
agus length, hiatal clamp, and oesophagogastric 
junction in patients who undergo EGD, depending 
on age and gender.

MATERIALS AND METHODS
In this study, the data of 695 patients who un-

derwent EGD between 2018 and 2020 were retro-
spectively analysed. Among these patients, 56 pa-
tients who were under 18 years of age, 315 patients 
who had a history of upper gastrointestinal surgery,  
9 patients who were diagnosed with upper gastroin-
testinal cancer, 1 with implanted PEG, and 16 patients 
with hiatal hernia were not included in the study. 
The present study was conducted with 298 patients.

After a full 6-hour oral intake restriction, verbal 
and written consent was obtained from the patient 
and necessary information was given. Before the 
procedure, pharyngeal anaesthesia was applied with 
10% lidocaine spray. Afterwards, the patient was 
positioned to the left of the endoscopist, with the 
head slightly flexed and the chin closer to the chest. 
The Olympus GIF-Q scope was advanced by provid-
ing direct vision. The structures in the mouth were 
roughly evaluated, and the oesophagus was entered 
by observing the piriform sinuses. The distance from 
the anterior incisors to the first stricture after passing 
the epiglottis was considered as the cervical oesoph-
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agus length (Fig. 1). The oesophagus was evaluated 
by providing adequate insufflation and the scope was 
pushed distally in a controlled manner. In the most 
distal part of the oesophagus, the squamocolumnar 
epithelial region (transition zone), Z line, where the 
squamous epithelium of the oesophagus ends and 
the columnar epithelium of the stomach begins, was 
observed. The distance between the anterior inci-
sors and the Z line was measured as the distance to 
the anatomical localisation of the oesophagogastric 
junction (Fig. 2). The place where the diaphragm 
crus are seen approximately 1 cm after the oesoph-
agogastric junction is considered as the hiatal clamp 
(hiatus oesophagus). The distance from the anterior 
incisors to this point was measured as the distance 
to the anatomical localisation of the hiatal clamp 

(Figs. 3, 4). The stomach was entered by passing the 
hiatal clamps. After careful evaluation of the stomach 
structures, the duodenum was evaluated by passing 
the pylorus. The distal end portion of the duodenum, 
which was evaluated, was the second continent and 
was advanced until the scope reached this point. Af-
terwards, a detailed controlled examination was per-
formed at the exit and the procedure was terminated 
by aspirating the air given during the procedure. All 
measurements were made by the same investigator. 
It was recommended that patients not take solid or 
liquid food for two hours after the procedure.

Previous studies have shown that these meas-
urements can also be made with manometers and 
pH meters. If we look at the working principle of 
these methods, the pH meter is applied through the 

Figure 1. Entry to cervical oesophagus (oesophagogastroduodeno-
scopy image).

Figure 2. Oesophagogastric junction, Z line (oesophagogastroduo-
denoscopy image).

Figure 3. Hiatal clamp (oesophagogastroduodenoscopy image).

Figure 4. Hiatal hernia (loose hiatal clamp) (oesophagogastroduo-
denoscopy image).
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nose and the lower oesophageal sphincter is directly 
reached without seeing the anatomical points we 
measured in the study. It is based on placing the 
catheter 5 cm above the sphincter and recording the 
pH changes on a digital recorder outside the catheter 
at 4–8 second intervals [29]. The manometer is suit-
able for use to detect oesophageal motor patterns 
and extreme motor abnormalities (e.g. achalasia and 
extreme hypomotility) [26]. In both methods, both 
the length cannot be determined objectively and 
the main indications differ. When these methods are 
considered and evaluated, the easiest, cheapest and 
most applicable method is endoscopy.

statement of ethics 

The approval of the Ethics Committee regarding 
the study was obtained from the Health Sciences 
University, Kartal Kosuyolu Training and Research 
Hospital, Non-Interventional Clinical Research Ethics 
Committee (IRB: 2019.4/26-203). 

statistical analysis

The population of the study consisted of ap-
proximately 1300 individuals who met the inclusion 
criteria in the evaluation between 2018 and 2019 
based on EGD measurements. In this respect, in the 
calculation based on the following formula, the num-
ber of patients that would be included in the study 
was determined as a minimum of 297 patients, with  
n = 296.71 [28].

2

2 2( 1)
Nt pqn

d N t pq
=

− +

(N — population; n — frequency of application to be included in 
the sampling; p — frequency of the occurrence of the investigated 
event; q — frequency of absence of the investigated event; t — 
the theoretical value found from the t table at a certain degree of 
freedom and the detected error level; d — the ± deviation desired 
to be done according to the incidence of the event)

When the findings obtained in the study were 
evaluated, the IBM® SPSS® (Statistical Package for 
the Social Sciences) software version 22 (IBM Corp. 
Armonk, NY, USA) was used for statistical analyses. 
The conformity of the variables to the normal distri-
bution was evaluated with the Kolmogorov-Smirnov 
test, Q-Q graphs, and histograms. When the study 
data were evaluated, the Student-t test was used for 
the evaluation of the quantitative data between two 
groups along with descriptive statistical methods (i.e. 
mean, standard deviation, frequency, percentage). 
The Student-t test was used for the evaluation of 

the quantitative data between two groups. The One-
-Way Analysis of Variance (ANOVA) was used for the 
evaluation of quantitative data between more than 
two groups, and the Tukey Post-Hoc Test was used 
to determine the group which caused the difference. 
The Pearson Chi-Square Test, the Continuity (Yates) 
Corrected Chi-Square Test, and the Fisher’s Full Chi-
-Square Test were used to evaluate qualitative data. 
Significance was taken as p < 0.05 level. 

RESULTS
The present study was conducted with 298 pa-

tients who underwent EGD, 41.6% (n = 124) of 
whom were male, and 58.4% (n = 174) female. The 
ages of the patients ranged between 21 and 91 with  
a mean of 53.77 ± 13.47. A total of 6.7% (n = 20) of 
the patients were under 35 years old, 19.5% (n = 58)  
were 35–44 years of age, 24.2% (n = 72) were  
45–54, 27.5% (n = 82) were 55–64, and 22.1% (n = 66)  
were at and above the age of 65. 

The cervical oesophagus length of the patients 
varied between 14 and 16 cm with a mean of 15.06 ±  
± 0.57 cm, and the oesophagogastric junction length 
varied between 30 and 44 cm with an average of 
37.51 ± 2.23 cm, and the distance of the hiatal clamp 
localisation to the anterior incisors varied between  
31 and 46 cm with a mean of 38.62 ± 2.23 cm. 

It was found that there were statistically signifi-
cant differences between the average length of the 
anatomical location of the hiatal clamp, the dis-
tance from the anterior incisors, and the age groups  
(p = 0.031, p < 0.05). As a result of the Tukey Post- 
-Hoc Test that was applied to determine which age 
group the difference originated from, the mean 
hiatal clamp length of the patients who were un-
der 35 years of age was significantly higher than 
the patients who were between the ages of 35–44  
(p = 0.030; p < 0.05) (Table 1).

When the cervical oesophagus, oesophagogastric 
junction, and hiatus clamp lengths were compared 
according to gender, the mean values of all lengths 
were found to be higher in males at a statistically 
significant level than in females (p < 0.001; p < 0.01).

When the indications for EGD applied to the pa-
tients were evaluated, 48.7% (n = 145) had dyspepsia 
as the reason, 30.9% (n = 92) cancer screening, 6% 
(n = 18) follow-up, 5.4% (n = 16) gastroesophageal 
reflux disease (GERD), 5% (n = 12) GIS bleeding, and 
4% (n = 15) other (dysphagia, intensive care patient 
nasogastric feeding).



760

Folia Morphol., 2022, Vol. 81, No. 3

No statistically significant differences were de-
tected between the indications EGD in the patients 
and the mean lengths of cervical oesophagus, hiatal 
clamp, and oesophagogastric junction localisations 
(p > 0.05) (Table 2).

No statistically significant differences were de-
tected between the age groups and indications of 
performing EGD in patients (p > 0.05). The relations 
between the indications for EGD and gender were 
also investigated. In this respect, the rate of EGD 
because of dyspepsia was found to be higher in 
women (55.2%) at a statistically significant level 
than in men (39.5%) (p = 0.008; p < 0.01) (Table 3).  
Also, the rate of EGD because of GIS bleeding was 
found to be higher at a statistically significant level 

in males (7.3%) than in females (1.7%) (p = 0.032; 
p < 0.05).

A total of 27.2% (n = 81) of the patients who 
underwent EGD had antral gastritis diagnosis, 21.8%  
(n = 65) loose lower oesophageal sphincter (LES), 
11.1% (n = 33) alkaline reflux, 10.4% (n = 31) pangas-
tritis, 8.1% (n = 24) erosive gastritis, 3.4% (n = 10),  
ulcer (antrum), 5% (n = 15) other diagnoses (bulbitis, 
Barret’s oesophagus, oesophagitis, pyloric strictures) 
and 4.7% (n = 14) normal.

No statistically significant differences were de-
tected between the diagnoses of the patients after 
EGD and the mean lengths of cervical oesophagus, 
oesophagogastric junction, and hiatal pincer locali-
zations (p > 0.05) (Table 4).

Table 1. The evaluation of the oesophagogastroduodenoscopy (EGD) data according to the age groups

EGD data [cm] Age group F P

< 35 years 35–44 years 45–54 years 55–64 years > 65 years

Cervical oesophagus length [cm] 15.15 ± 0.67 15.07 ± 0.56 15.07 ± 0.54 15.04 ± 0.6 15.06 ± 0.58 0.161 0.958

Oesophagogastric junction length [cm] 38.35 ± 2.30 37.22 ± 2.24 37.86 ± 2.11 37.28 ± 2.41 37.42 ± 2.08 1.641 0.164

Hiatal clamp length [cm] 39.80 ± 2.71 38.14 ± 2.37 38.96 ± 2.04 38.51 ± 2.26 38.44 ± 2 2.702 0.031*

Data are shown as mean ± standard deviation; F: One-Way Variance Analysis (ANOVA); *p < 0.05

Table 2. The evaluation of the patients’ anatomical localizations according to the oesophagogastroduodenoscopy indications

Indications Cervical oesophagus length [cm] Oesophagogastric junction length [cm] Hiatal clamp length [cm]

Dyspepsia 15.04 ± 0.54 37.36 ± 2.16 38.46 ± 2.18

Cancer screening 15.17 ± 0.72 38.75 ± 2.09 39.50 ± 2.39

Control 15.25 ± 0.58 37.56 ± 2.90 38.88 ± 2.60

GERD 15.07 ± 0.61 37.54 ± 2.30 38.66 ± 2.32

GIS bleeding 15.11 ± 0.58 37.83 ± 2.15 38.94 ± 2.13

Other 14.93 ± 0.59 37.40 ± 2.03 38.47 ± 1.92

F 0.634 0.959 0.653

P 0.674 0.443 0.660

Data are shown as mean ± standard deviation; F: One-Way Variance Analysis (ANOVA); GERD — gastroesophageal reflux disease; GIS — gastrointestinal system

Table 3. The evaluation of the indications of oesophagogastroduodenoscopy in patients according to the age groups

Indications Age group c2 P

< 35 years 35–44 years 45–54 years 55–64 years ≥ 65 years 

Dyspepsia 10 (50%) 34 (58.6%) 34 (47.2%) 43 (52.4%) 24 (36.4%) 6.841 0.145

Cancer screen 5 (25%) 17 (29.3%) 25 (%34.7) 21 (%25.6) 24 (%36.4) 2.886 0.577

Control 1 5(%) 1 (1.7%) 6 (7.3%) 6 (7.3%) 4 (6.1%) 2.845 0.584

GERD 3 (15%) 2 (3.4%) 3 (4.2%) 3 (3.7%) 5 (7.6%) 5.382 0.250

GIS bleeding 1 (5%) – 2 (2.8%) 6 (7.3%) 3 (4.5%) – –

Other – 4 (6.9%) 2 (2.8%) 3 (3.7%) 6 (9.1%) – –

χ2: Pearson Chi-Square Test; GERD — gastroesophageal reflux disease; GIS — gastrointestinal system
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When the differences in the diagnosis were ex-
amined according to the age groups, no differences 
were detected except for the patients who were di-
agnosed with antral gastritis; however, statistically 
significant differences were detected in the incidence 
rates (p < 0.001; p < 0.01). It was also found that 
the rate of diagnosis of antral gastritis in those who 
were aged 65 and over was lower than in other age 
groups (Table 5).

When the diagnosis of the patients after EGD was 
evaluated according to gender, the rate of diagnosis 
of antral gastritis was found to be higher at a statis-
tically significant level in women (77.6%) than in men 
(66.1%) (p = 0.028; p < 0.05) (Table 6).

The incidence of loose LES was found to be  
higher at a statistically significant level in men (28.2%) 
than in women (17.2%) (p = 0.034; p < 0.05)  
(Table 6).

DISCUSSION 
The oesophagus is a muscular (smooth muscle) 

tube connecting the pharynx and the stomach, starting 
from the C6 vertebra level extending to the T11 level 
with an average length of 25–30 cm. In the literature, 
the oesophageal length is accepted as the distance 
between the upper oesophageal sphincter and the 
lower oesophageal sphincter [17]. Although Li et al. 
[21] found the oesophageal length as 22.9 cm on 
average in healthy individuals, Award et al. [5] found 
it to be 28.3 cm on average, and Yau et al. [33] as  
23 cm, which is similar to the study of Li et al. [21]. In 
their study, Marshall et al. [22] found the oesophageal 
length to be significantly higher with a mean of 21.12 cm  
in men than in women (mean 20.15 cm). The length of 
the oesophagus is accepted as 25–30 cm on average 
in the literature, and was determined as 9–10 cm in 
newborns [23]. The cervical oesophagus, which starts 

Table 4. The evaluation of the anatomical localisations according to the diagnosis of patients after oesophagogastroduodenoscopy

Diagnoses Cervical oesophagus length [cm] Oesophagogastric junction length [cm] Hiatal clamp length [cm] 

Antral gastritis Yes
No
t
p

15.09 ± 0.57
15.00 ± 0.57

0.248
0.242

37.59 ± 2.33
37.32 ± 1.97

0.908
0.365

38.64 ± 2.30
38.57 ± 2.06

0.234
0.815

Loose lower oesophagus 
sphincter

Yes
No
t
p

15.09 ± 0.49
15.06 ± 0.60

0.182
0.651

37.43 ± 2.15
37.54 ± 2.26

-0.337
0.737

38.75 ± 2.05
38.58 ± 2.28

0.556
0.578

Alkalane reflux Yes
No
t
p

14.97 ± 0.53
15.08 ± 0.58

–0.999
0.319

37.33 ± 2.07
37.54 ± 2.26

–0.490
0.624

38.82 ± 2.35
38.59 ± 2.22

0.547
0.585

Pangastritis Yes
No
t
p

15.00 ± 0.63
15.07 ± 0.57

–0.53
0.514

37.10 ± 2.48
37.56 ± 2.21

–1.097
0.274

38.39 ± 2.36
38.64 ± 2.22

–0.606
0.545

Erosive gastritis Yes 
No
t
p

15.08 ± 0.50
15.06 ± 0.58

0.174
0.862

37.25 ± 2.31
37.54 ± 2.23

–0.601
0.548

38.75 ± 1.87
38.61 ± 2.26

0.303
0.762

Polyp Yes 
No
t
p

15.07 ± 0.62
15.06 ± 0.57

0.051
0.959

37.36 ± 2.21
37.52 ± 2.24

–0.268
0.789

38.43 ± 2.31
38.63 ± 2.23

–0.324
0.746

Ulcer Yes 
No
t
p

15.20 ± 0.63
15.06 ± 0.57

0.419
0.446

38.30 ± 2.75
37.49 ± 2.22

0.378
0.258

39.20 ± 2.53
38.6 ± 2.22

0.839
0.402

Normal Yes 
No
t
p

15.07 ± 0.59
15.06 ± 0.57

0.981
0.984

37.2 ± 2.27
37.53 ± 2.24

0.903
0.578

38.27 ± 2.15
38.64 ± 2.24

0.677
0.533

Data are shown as mean ± standard deviation; t: Student-t test
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from the lower edge of the cartilago cricoidea and 
ends at the lower edge of the first thoracic vertebra, 
is approximately 18 cm after the anterior incisors [3]. 
Because of the anatomical localisation of the cervical 
oesophagus in EGD procedure, it is a difficult area to 
measure as it activates the gag reflex when passing 
with the endoscope. Studies conducted on cervical 
oesophageal length are very limited in the literature. 
In the present study, in which the purpose was to 
investigate the cervical oesophagus length and the 
relations between age and gender, the average cervical 
oesophagus length was found to be 15.06 ± 0.57 cm. 
We believe that the fact that it is shorter that the value 
reported in the literature was because of the difference 
between races. Although no significant differences 
were detected in cervical oesophagus lengths between 
the age groups, cervical oesophagus length was found 
to be significantly higher in men (mean 15.31 cm) than 
in women (mean 14.85 cm) between genders.

In the clinical practice, the hiatal clamp is formed 
by the right and left crus of the diaphragm at the 10 

vertebra level after the anterior incisors at an average 
of 38 cm [19]. Csendes et al. [8] investigated the 
localisation of the lower oesophageal sphincter in 
778 patients comparing the results with 109 healthy 
control groups, and reported the lower oesophageal 
sphincter of the healthy group to be 38 cm on aver-
age [14]. Similarly, in the present study, the average 
length of the hiatal clamp distance from the anterior 
incisors was detected to be 38.6 cm. Also, the mean 
hiatal clamp length of patients under 35 years of 
age was found to be significantly higher than those 
of patients aged 35–44 in the study (p = 0.030; 
p < 0.05). It was also found that the mean hiatus 
oesophagus distance was statistically longer in men 
(39.77 cm) than women (37.8 cm) in the comparison 
between the genders.

Previous studies showed that the average distance 
from the anterior incisors to the oesophagogastric 
junction is 38–40 cm in men and 36–38 cm in women, 
which is 18 cm at birth, 22 cm at the age of 3, and  
27 cm at the age of 10 [23, 27]. In the present study, 

Table 5. The evaluation of the diagnoses of the patients after oesophagogastroduodenoscopy according to age groups

Diagnoses Age group χ2 P

< 35 years 35–44 years 45–54 years 55–64 years ≥ 65 years 

Antral gastritis 15 (75%) 50 (86.2%) 54 (75%) 63 (76.8%) 35 (53%) 19.197 < 0.001*

Loose lower oesophagus sphincter 5 (25%) 13 (22.4%) 9 (12.5%) 21 (25.6%) 17 (25.8%) 5.088 0.278

Alkalane reflux 5 (25%) 5 (8.6%) 6 (8.3%) 9 (11%) 8 (12.1%) 4.917 0.296

Pangastritis 2 (10%) 4 (6.9%) 8 (11.1%) 7 (8.5%) 10 (15.2%) 2.710 0.607

Erosive gastritis – 4 (6.9%) 4 (5.6%) 7 (8.5%) 9 (13.9%) – –

Ulcer (in the antrum) – 2 (3.4%) 2 (2.8%) 1 (1.2%) 5 (7.6%) 5.548 0.236

Other 2 (10%) 2 (3.4%) 5 (6.9%) 2 (2.4%) 4 (6.1%) 3.187 0.527

Normal 1 (5%) 3 (5.2%) 1 (1.4%) 3 (3.7%) 6 (9.1%) 4.837 0.307

χ2: Pearson Chi-Square Test; *p < 0.01

Table 6. The evaluation of the diagnoses of the patients after oesophagogastroduodenoscopy according to gender

Diagnoses Gender χ2 P

Male Female

Antral gastritis 82 (66.1%) 135 (77.6%) 4.8021 0.028*

Loose lower oesophagus sphincter 35 (28.2%) 30 (17.2%) 5.1221 0.034*

Alkalane reflux 14 (11.3%) 19 (10.9%) 0.0102 0.920

Pangastritis 14 (11.3%) 17 (9.8%) 0.0532 0.817

Erosive gastritis 7 (5.6%) 17 (9.8%) 1.1532 0.283

Ulcer (in the antrum) 4 (3.2%) 6 (3.4%) 0.0113 1.000

Other 8 (6.5%) 7 (4%) 0.4582 0.499

Normal 6 (4.8%) 8 (4.6%) 0.0012 1.000

1χ2: Pearson Chi-Square Test; 2χ2: Continuity (Yates) corrected Chi-Square Test; 3χ2: Fisher Exact Chi-Square Test; *p < 0.05
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the average length of the oesophagogastric junction 
was found to be 37.5 cm, and no significant differ-
ences were detected between the age groups. This 
distance (mean 38.66 cm) was found to be longer 
in men than in women (mean 36.7 cm), which is 
consistent with the literature data.

Although the number of patients who were diag-
nosed with reflux oesophagitis was 43% in the study 
of Csendes et al. [8], it was reported that 15–25% 
of the patients who underwent EGB in western so-
cieties had oesophagitis. This frequency was much 
less common (0.8–16.3%) in other studies that were 
conducted in Asia [14, 31]. In the present study, the 
incidence of oesophagitis was found to be 6.5% un-
der the heading of other diagnoses. We believe that 
the fact that this value was far below the literature 
data since it had a single-cantered design, and there-
fore the number of cases was low.

There are many accepted indications for EGD the 
main ones including evaluation of dysphagia, GIS 
bleeding, peptic ulcer disease, medically resistant 
GERD, oesophageal strictures, coeliac disease, and 
unexplained diarrhoea. The fact that the LES does not 
fully grasp the endoscope in endoscopic examinations 
performed with retroflexion from the fundus of the 
stomach despite deep inspiration and expiration and 
is considered as “LES laxity” [17]. In the present study, 
the incidence of LES laxity after endoscopy was found 
to be statistically significantly higher in men (28.2%) 
than in women (17.2%) (p = 0.034; p < 0.05). In  
a study that was conducted by Aksoy et al. [1] with 
geriatric patients, the rate of loose LES was reported 
as 34%. However, the rates were not given in this 
study for men and women.

Knowing the anatomical localisation of the hiatal 
clamp is important to diagnose hiatal hernia and iden-
tify hiatal insufficiency. Hiatal hernia is a common dis-
ease defined as the protrusion of the abdominal organs 
— often the stomach — from the enlarged hiatus oe-
sophagus into the thoracic cavity [2]. Andujar et al. [3]  
argued that laparoscopic repair of large paraoesoph-
ageal hernia is associated with a low incidence of 
recurrence and reoperation. In their study conducted 
in 2006, Johnson et al. [16] reported that the incidence 
of hiatal hernia increases with age. The incidence of 
hiatal hernia in upper GIS endoscopies was found to 
be higher in men (15.5%) than in women (14%) in our 
country [12]. The patients who were diagnosed with 
hiatal hernia were not included in the present study 
as it would disrupt the standardisation of the normal 

anatomical structure. A total of 16 of 335 retrospec-
tively screened patients were excluded from the study 
since they were diagnosed with hiatal hernia.

Oesophagus strictures are among the most com-
mon problems in our present day. EGD must be per-
formed to determine the underlying cause in oe-
sophageal strictures. The overall rate of oesophageal 
strictures that require dilation among the patients 
who undergo upper gastrointestinal endoscopy was 
found to be 6%, and 3% of which were malignant, 
2.7% benign, and 0.3% functional strictures [17]. In 
the study that was conducted by Chow et al. [6], it 
was argued that the presence of hiatal hernia doubles 
the risk of oesophageal carcinoma, and that the risk 
even increases cumulatively with the presence of re-
flux symptoms, dysphagia, and previously described 
symptoms of oesophagitis.

The definition of the oesophagogastric junction 
varies among specialty groups. One definition that was 
made by surgeons and endoscopy specialists where 
there is a sudden change of gastric mucosa in the 
mucosa passing through the oesophagus, and this 
jagged line was designated as the “Z line” [23]. This 
line is used as a baseline in distinguishing anatomical 
concepts associated with the oesophagus and meas-
uring lengths. One of these is the measurement of 
the length of the LES. In the clinical practice, the LES 
length is used often for measuring the intraluminal 
pressure of the oesophagus and for pH monitoring. 
Knowing the length of this area will ensure correct 
placement of the catheter, which will result in the 
better recognition and easier diagnosis of diseases in 
this area such as GERD and achalasia. For this reason, 
proper placement of the probes in these localisations 
is necessary [32]. Knowing the normal anatomy will 
also guide us in the diagnosis of diseases in this area. 
For example, measuring these parts in the detection 
of hiatal hernias and detecting the short oesophagus 
in the surgeries in the clinical practice can guide the 
surgeon in terms of the problems which might be faced 
after the surgery. Knowing that there is a short oesoph-
agus in patients who have hiatal hernia can guide the 
surgeon in dealing with related problems before the 
surgery about recurrences and complications which 
might occur in the postoperative period [20]. Another 
problem which might be faced in this area is the per-
forations as a result of endoscopic interventions. These 
iatrogenic perforations are most commonly detected 
in the hypopharynx and distal oesophagus. The clinical 
manifestation of this varies depending on the level of 
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the perforated area. For example, when patient present 
with symptoms such as neck pain, crepitation, etc. for 
perforation in the cervical parts, these symptoms cause 
other symptoms such as epigastric and shoulder pain 
as they progress towards the abdomen. The success 
in treatment also varies according to the localisation. 
For example, it is already known that stent migration 
is more and is more difficult to place in proximal per-
forations, which complicates the treatment increasing 
stent-related treatment failure [9].

As understood with the examples, the determina-
tion of anatomical localisations not only guides the 
problems that might appear, it also helps to deter-
mine the treatment methods that will be chosen. The 
present study is an anatomy study in which it was 
found that the length of the anatomical localisation 
of the hiatal clamp from the anterior incisors differed 
according to age and gender. It was also found that 
the hiatal clamp length is longer in young age than in 
older ages (p = 0.035, Table 3), and the hiatal clamp 
length is longer in male gender than female gender 
at statistically significant levels (p < 0.001, Table 4). 
In their study conducted on 50 cadavers, Shamiyeh 
et al. [24] reported that this length is important in re-
pairing the crus in hiatal hernias and in the treatment 
of GERD. They measured this length by measuring the 
area defined as the hiatal surface area. As mentioned 
in this example, it was seen that the evaluation was 
made by measuring the hiatal surface area that can be 
measured during the operation. In another study that 
was conducted by Koch et al. [18], it was reported that 
this length measurement could not be made accurately 
with radiological and endoscopy methods, and only 
the size of hiatal hernias could be determined with 
these methods. It was reported in another study that 
the use of width measurement instead of length meas-
urement would yield more accurate results because 
of the slippery nature of this area [11]. It was seen in 
the literature that the measurements of these lengths 
were made radiologically [15]. In the present study, the 
measurement was made only endoscopically and was 
not verified radiologically. Despite these limitations, we 
believe that the fact that the measurement was made 
and recorded by a single expert endoscopy specialist 
to provide a certain standard, and the number of 
patients included in the study was 298 increases the 
importance of the study.

In the data obtained here, it was determined in 
the evaluations of the indication of the procedure and 
gender in the patients who underwent EGD that the 
EGD procedure was more common in women because 
of dyspepsia, and that gastritis, duodenitis, and pep-

tic ulcer were more common in these patients than 
in men (Table 6). In the literature, in a study that in-
cluded 12,213 people conducted by Freha et al. [13], 
it was reported that, unlike our study, gastritis was 
more common in male gender. Similarly, in the same 
study as well as in our study, upper GIS bleeding was 
found to be statistically higher in men than in women, 
which is consistent with the literature data (p = 0.032;  
p < 0.05). There are many factors, which can cause this 
situation such as smoking, drugs used, or accompanying 
comorbidities. This may be the subject of further studies.

Since no studies similar to our study were detected 
in the literature, it is not possible to verify and com-
pare the relations of length measurements in these 
localisations with gender, age, and symptoms report-
ed in other studies. At this point, we believe that the 
data found in this study will be important in terms 
of establishing a standardisation in Turkish society, 
and will also guide clinicians. We also believe that the 
relations between the anatomical localisations that 
were examined in the present study and the body 
mass index must be investigated in further studies.

CONCLUSIONS
Knowing the anatomical localisations of the cervical 

oesophagus length, hiatal clamp, and oesophago-
gastric junction may be important in planning the 
outcomes of the complications, which might occur in 
this region in EGD, and in planning the measures to be 
taken in this respect. It may also help clinicians to iden-
tify hiatal hernias and insufficiencies and to determine 
the treatment modalities to approach these diseases. In 
the future, if the present study is planned by including 
patients with certain symptoms and if the number of 
patients is increased, it will be more guiding for the 
interventions regarding treatment modalities. Also, 
these measurements should be supported with cadaver 
studies for the purpose of providing a standard and 
achieving measurements with more objective values.
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Background: Anatomy of flexor hallucis longus (FHL) is essential for the achieve-
ment of tendon transfer and several procedures performed in the foot and ankle. 
The aim of this study was to evaluate the anatomical knowledge of FHL including 
the type and location of musculotendinous junction (MTJ), tendinous intercon-
nections (TIC) morphology, its location related to Master Knot of Henry (MKH), 
and the pattern of TIC distribution. 
Materials and methods: One hundred and sixty-six legs from 52 embalmed and 
31 soft cadavers were assessed. The medial (MB) and lateral (LB) bellies of FHL 
were identified and traced until the end of the most distal muscle fibre to deter-
mine the medial and lateral MTJs. MTJ was classified into four types based on 
the existence and length of MB and LB: type 1, long LB and shorter MB; type 2,  
equal length of both bellies; type 3, only LB and no MB; type 4, long MB and 
shorter LB. Low lying muscle belly was defined as muscle extending beyond the 
zero point (the point of intersection between distal osseous part of tibia and FHL 
tendon). The distance between MTJ and zero point was measured. TIC was clas-
sified into seven types based on the direction and number of slip: type I, one slip 
from FHL to flexor digitorum longus (FDL); type II, crossed connection: type III,  
one slip from FDL to FHL; type IV, no connection; type V, two slip from FHL to 
FDL; type VI, two slip from FHL to FDL and one slip from FDL to FHL; type VII, 
two slips from FDL to FHL and one slip from FHL to FDL. The distance between 
the TIC and MKH was measured. TIC distribution was defined into four types 
based on slip distribution to lesser toes: type a, distributed to second toe; type b,  
distributed to second and third toes; type c, distributed to second to fourth toes, 
and type d, distributed to second to fifth toes.  
Results: Type 1 and type 3 of MTJ morphology were found in 87.3% and 12.7%, 
respectively. Low lying LB was detected in 66.13% of cases with a mean distance 
of 13.10 ± 4.51 mm. All MBs ended proximal to the zero point with a mean
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distance of –21.99 ± 13.21 mm. Three types of TIC (I, II, V) were identified. The 
highest frequency was type I (82.93%). In addition, a new type of TIC was depicted 
in 8.53% of cases. Part of the FHL tendon in this type fused with FDL tendon and 
the rest extended directly to the first toe. TIC could be located either proximal, 
distal or at the MKH. The highest prevalence was distal to MKH in 51.67% of 
cases with a mean distance of 11.23 ± 5.13 mm and 8.73 ± 4.2 mm in low lying 
and non-low-lying groups, respectively. Four types of slip distribution to lesser 
toes were defined, mostly in type b. No statistically significant differences were 
detected among all parameters including genders, sides, and groups.
Conclusions: Knowledge of this investigation might enhance the clinical efficacy 
of tendon harvesting and transfer in foot and ankle surgery. (Folia Morphol 2022; 
81, 3: 766–776)

Key words: flexor hallucis longus, flexor digitorum longus, 
musculotendinous junction, tendinous interconnection

isting soft tissue defects. To accomplish the clinical 
objective, knowledge of the anatomical variations of 
musculotendinous junction (MTJ) of FHL will provide 
important insights to decide upon the operation and 
administration of FHL transfer [17, 24]. 

Tendinous interconnections (TIC) between FHL 
and flexor digitorum longus (FDL) play an important 
role in tendon harvesting [25]. The benefit of these 
connections is to act as a natural tenodesis during 
harvesting tendon grafts proximal to MKH and to 
increase the length of tendon graft by cutting the 
connections [15, 23]. The connections between FHL 
and FDL, which have an important functional role 
in toe movements, might restrict harvesting of the 
FHL tendon proximal to MKH [10]. Previous research 
has suggested that, these interconnections must be 
cut when harvesting FHL tendon especially in mini-
mal invasive technique [16, 25]. To reduce the risk 
of iatrogenic injury during surgical procedures and 
achieve medical procedures, essential knowledge of 
morphological type, location and distribution of TIC 
are necessary [26, 30]. The focus in this cadaveric 
study was to evaluate the anatomical knowledge 
of FHL including the type and location of MTJ, TIC 
morphology and its location related to MKH, and the 
pattern of TIC distribution. 

MATERIALS AND METHODS
This study was performed in 166 legs from 52 em-

balmed (33 males, 19 females) and 31 soft cadavers  
(9 males and 22 females) supported by the Depart-
ment of Anatomy and Chula Soft Cadaver Surgical 
Training Centre, Faculty of Medicine, Chulalongkorn 

INTRODUCTION
Flexor hallucis longus (FHL) transfer is a widely 

used technique for ankle and foot reconstruction, 
including posterior tibial insufficiency, Achilles tendi-
nopathies, or peroneal tendon rupture [2, 4, 6, 13, 
21, 22, 24]. The FHL is suitable for transfer because 
of its strength, axis and amplitude of contraction, 
and coincident action with gastrocnemius and so-
leus muscles [33]. The objectives of FHL transfer are 
to repair the length, strengthen the injured tendon, 
and corporate more muscle force [8]. Moreover, FHL 
transfer can decrease pain by normalising vascularity 
[1, 8]. Many techniques of FHL tendon graft harvest-
ing are clinically utilised, including single incision, 
double incision, and minimally invasive techniques 
[16]. The indication, length of harvested tendon and 
location of incisions are different among techniques 
[16]. FHL tendons can be harvested behind the medial 
malleolus, proximal to superior border of the calca-
neus, along medial edge of mid-foot at Master Knot 
of Henry (MKH), or over the medial plantar aspect of 
forefoot at the first metatarsophalangeal joint [2, 21, 
28]. Despite the good to excellent clinical outcome 
following FHL transfer that was revealed previously, 
complications such as neurovascular injury, cock-up 
deformity, and functional loss of toes were also re-
ported [1, 10, 16, 20]. 

Knowing the anatomical variation of the FHL 
muscle is helpful when planning an operation. If 
FHL muscle bellies are sufficient to cover the tendon 
defect, the other combining techniques are not nec-
essary [17, 24]. Tendon transfer can improve blood 
supply in the injured region and covers possible ex-
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University. The mean age of the cadavers was 78.87 ± 
± 13.69 years (range 32–100). None of the cadaveric 
legs, ankles and feet had damage, deformity, or scar-
ing from previous surgery.

Cadaveric dissection

The skin, subcutaneous tissue, fascia of the leg, 
and plantar surface of the foot was detached to 
each side. At the medial side of the ankle, the flexor 
retinaculum was identified, and its posterior edge 
was cut to open the tarsal tunnel. The dissection was 
performed until adequate exposure of the FHL tendon 
was achieved. The medial and lateral bellies of FHL 
were identified and traced until the end of the most 
distal muscle fibre to determine the medial and lateral 
MTJs (Fig. 1A). Then, the plantar aponeurosis and me-
dial plantar fascia of the foot were cut to expose the 
flexor digitorum brevis (FDB) and abductor hallucis 
muscle (AH). These two muscles were separated to 
disclose the tendon of FHL and FDL. MKH was indi-
cated at the crossing point of FDL and FHL tendon 

(Fig. 1B). The TIC was also explored. Finally, FHL and 
FDL together with TIC and quadratus plantae were 
harvested as one block from the cadaver to analyse 
the type of MTJ and TIC.

Observations and measurements

Type of MTJ, MTJ location and the presence of 
low lying FHL 

The presence of medial (MB) and lateral (LB) bel-
lies of FHL muscle was observed in both embalmed 
and soft cadavers. MTJ morphological types were 
classified according to the criteria established by 
Pichler et al. [24] and modified by Mao et al. [17] into 
four types: type 1, long LB and shorter MB; type 2,  
equal length of both bellies; type 3, only LB and no 
MB; type 4, long MB and shorter LB. The presence 
of other morphologies was also examined. However, 
the MTJ location and the presence of low lying FHL 
were examined only in soft cadavers since the foot 
and ankle joint should be set in a neutral position 
throughout these processes. The zero point was de-
fined according to Pichler et al. [24] as the point of 
intersection between the distal osseous part of the 
tibia and FHL tendon (Fig. 1A) and the presence of low 
lying FHL was depicted if the muscle belly extended 
distal to the zero point. Distances from medial and 
lateral MTJs to the zero point were measured with  
a digital slide gauge (Mitutoyo® 0–150 mm; range  
150 mm, resolution 0.01 mm) (Fig. 1A). This parame-
ter was recorded as either a negative or positive value 
based on whether it located proximal or distal to the 
zero point, respectively.

Type of TIC, its distribution to the toes and its 
location regarding MKH

The presence and direction of TIC between FHL 
and FDL were examined in both embalmed and soft 
cadavers. Type of TIC was classified based on the 
criteria defined by Beger et al. [3] into seven types: 
type I, one slip from FHL to FDL; type II, crossed con-
nection: type III, one slip from FDL to FHL; type IV, no 
connection; type V, two slip from FHL to FDL; type VI, 
two slip from FHL to FDL and one slip from FDL to 
FHL; type VII, two slips from FDL to FHL and one slip 
from FHL to FDL. The presence of other patterns was 
also examined. The distribution of TIC to the lesser 
toes was identified by pulling the FHL and observing 
the flexion of the toes. TIC distribution was defined 
into four types according to Plaass et al. [25] as the 
following: type a, distributed to second toe; type b, 

Figure 1. A. Photograph of left ankle showing; (a) distance from lateral 
musculotendinous junction (MTJ) (red dot) and (b) distance from 
medial MTJ (green dot) of flexor hallucis longus muscle (FHL) to zero 
point (blue dot) which is the intersection between distal osseous part 
of tibia (white dot line) and FHL tendon (black dot line); B. Photograph 
of right plantar surface of foot showing the distance from branching 
point of tendinous interconnection (TIC) (red dot) to master knot of 
Henry (MKH) (black dot); FDL — flexor digitorum longus muscle.
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distributed to second and third toes; type c, distrib-
uted to second to fourth toes and type d, distributed 
to second to fifth toes. Moreover, the distance from 
the branching point of TIC to MKH was measured 
to determine the location of TIC in 60 soft cadaver 
specimens (Fig. 1B). This parameter was recorded as 
negative or positive value based on whether it located 
proximal or distal to the MKH, respectively.

Each parameter was measured twice by the same 
investigator. The same digital Vernier calliper was used 
to ensure consistency.

statistical analysis

Statistical analysis was performed by SPSS soft-
ware version 22.0. Morphology of MTJ, TIC and the 
distribution of TIC were analysed as prevalence and 
percentage. All quantitative data was based on the 
criteria reported as range, mean and standard de-
viation. Unpaired t-test (for parametric test) and 
Mann-Whitney U test (for nonparametric test) were 
used to compare between genders and between 
low lying and non-low lying groups. The difference 
between left and right side was examined with paired 
t-test (for parametric test) or Wilcoxon signed-rank 
test (for nonparametric test). A p-value of less than 
0.05 was defined as statistically significant. 

Ethical consideration

The Institutional Review Board (IRB) of the Faculty 
of Medicine, Chulalongkorn University approved this 
anatomical study (IRB NO. 636/62).

RESULTS
type of MtJ, MtJ location and the presence of 
low lying FHL

Musculotendinous junction morphology was ex-
amined in 166 specimens from both soft and em-
balmed cadavers. Two morphological types of MTJ 
were identified including type 1 (145 cases, 87.35%), 
in which the LB ended more distally than MB, and 
type 3 (21 cases, 12.65%), which showed only LB 
(Fig. 2, Table 1). Symmetrical type of MTJ morphology 
was found in 74 cadavers (89.16% of cases) and the 
highest frequency was type 1. However, FHL which 
had equal length of MB and LB or type 2 and those 
with MB ended more distally than LB or type 4 were 
not found in this study.

Musculotendinous junction location was deter-
mined in 62 legs of soft cadavers by measuring the 
distance from medial and lateral MTJs to the zero 

point. Results are shown in Table 2. MTJ was found to 
reside either proximal (–) or distal (+) to zero point. 
LB extended beyond the zero point (low-lying) in 
41 (66.13%) cases with a mean distance of 13.10 ±  
± 4.51 mm. In the non-low-lying group of LB (21 
cases, 33.87%), the mean distance from the zero 
point was –8.5 ± 7.30 mm. In contrast, all MB ended 
proximally to the zero point with a mean distance of 
–21.99 ± 13.21 mm. No statistically significant differ-
ence was found between genders, sides, and groups.

Type of TIC, its distribution to the toes and its 
location regarding MKH 

Type of TIC was examined in 164 specimens  
(2 damaged specimens from dissection were exclud-
ed). According to Beger et al. [3], types I, II, V and  

Figure 2. Photographs of medial side of right legs and resected 
flexor hallucis longus muscle (FHL) musculotendinous junction 
(MTJ) showing type 1 MTJ morphology with a longer lateral mus-
cle belly than medial muscle belly (A, B), and type 3 MTJ morphol-
ogy with only a lateral muscle belly (C, D); FDL — flexor digitorum 
longus.
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a new type were found (Table 1, Fig. 3). The highest 
frequency was type I (82.93%), which had a tendi-
nous slip branching from FHL to FDL tendon followed 
numerically by type V (7.93%), which had double slip 
from FHL to FDL tendons and type II (0.61%), which 
showed the cross tendinous slips between FHL and 
FDL tendons, respectively. In addition, a new type of 
interconnection (14 cases or 8.54%) was found in 
which part of the FHL tendon fused with FDL ten-
don and the rest extended directly to the first toe  
(Fig. 3G, H). Symmetrical type of TIC was found in  
61 cadavers (79.27% of cases) and the highest fre-
quency was type 1.

Distribution of TIC to the lesser toes was deter-
mined by observing the movement of each toe when 
pulling the FHL. Prevalence of each type is shown in 
Table 1. The most common was type b (67.68%) and 
followed numerically by type a, type c and type d, 
respectively. Symmetrical type of slip distribution to 
lesser toes was found in 61 cadavers (74.39%) and 
the highest frequency was type b. The prevalence 
of TIC distribution in the new type of this study was 
type a (1 case), type b (10 cases) and type c (3 cases).

The location of TIC was investigated in 60 soft 
cadaver specimens of. It was located either proximal 
(–), distal (+) to MKH or at the MKH (Table 2). The 

highest prevalence was located distally to MKH in 
36.67% with a mean distance of 11.23 ± 5.13 mm 
in the low-lying group and 15% in the non-low-ly-
ing group with a mean distance of 8.73 ± 4.2 mm.  
In the new type of TIC, the fusion point in the soft 
cadaveric specimens was located either proximal  
(4 cases), distal (5 cases) or at the MKH (2 cases). No 
statistically significant difference was found between 
genders, sides, and groups. 

DISCUSSION
Achilles tendon ruptures occur approximately at 

2–6 cm above the calcaneal insertion and the blood 
supply in this region might be reduced [24]. FHL 
tendon transfer can cover the soft tissue defect and 
improve blood supply. The location of the MTJ is im-
portant in this instance. If MTJ is located proximally, 
the FHL muscle bellies are insufficient for the coverage 
of injured tendon and adequate vascular supply to the 
affected area. Therefore, knowledge of morphologi-
cal variation of FHL muscle in this study will provide 
some benefits in tendon harvesting and transfer. 
In this study, only type 1 and 3 of MTJ morphology 
were found with the most frequent type as type 1 (LB 
longer than MB). Moreover, symmetrical type of MTJ 
morphology was found with high prevalence (89.16% 

Table 1. Prevalence of musculotendinous junction (MTJ) morphology, low lying of flexor hallucis longus (FHL), tendinous interconnec-
tion (TIC) morphology and TIC distribution

Male Female Total

Left Right Total Left Right Total

Type of MTJ morphology (166 specimens)

1 35 (21.08%) 32 (19.28%) 67 (40.36%) 39 (23.49%) 39 (23.49%) 78 (46.99%) 145 (87.35%)

3 7 (4.22%) 10 (6.02%) 17 (10.24%) 2 (1.20%) 2 (1.20%) 4 (2.41%) 21 (12.65%)

Low lying of FHL (62 soft cadaveric specimens) 

Lateral muscle belly 7 (11.29%) 7 (11.29%) 14 (22.58%) 13 (20.97%) 14 (22.58%) 27 (43.55%) 41 (66.13%)

Medial muscle belly 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Non low lying 2 (3.23%) 2 (3.23%) 4 (6.45%) 9 (14.52%) 8 (12.90%) 17 (27.42%) 21 (33.87%)

Type of TIC (164 specimens)

I 34 (20.73%) 34 (20.73%) 68 (41.46%) 33 (20.12%) 35 (21.34%) 68 (41.46%) 136 (82.93%)

II 1 (0.61%) 0 (0%) 1 (0.61%) 0 (0%) 0 (0%) 0 (0%) 1 (0.61%)

V 4 (2.44%) 4 (2.44%) 8 (4.88%) 3 (1.83%) 2 (1.22%) 5 (3.05%) 13 (7.93%)

New type 2 (1.22%) 3 (1.83%) 5 (3.05%) 5 (3.05%) 4 (2.44%) 9 (5.49%) 14 (8.53%)

Type of TIC distribution (164 specimens)

a 11 (6.71%) 7 (4.27%) 18 (10.98%) 6 (3.66%) 8 (4.88%) 14 (8.54%) 32 (19.51%)

b 25 (15.24%) 28 (17.07%) 53 (32.31%) 32 (19.51%) 26 (15.85%) 58 (35.36%) 111 (67.68%)

c 5 (3.05%) 6 (3.66%) 11 (6.71%) 1 (0.61%) 6 (3.66%) 7 (4.27%) 18 (10.98%)

d 0 (0%) 0 (0%) 0 (0%) 2 (1.22%) 1 (0.61%) 3 (1.83%) 3 (1.83%)
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of cases). Therefore, awareness of symmetrical pat-
terns should be emphasized. Location of LB could 
be found either proximal or distal to the zero point, 
similar to those found in previous studies [17, 24]. 
However, all MTJ of MB was located only proximally 
to the zero point at a mean distance of –21.99 ±  
± 13.21 mm. Low lying lateral MTJ was detected in 
66.13% of the cases and located at a mean distance 
of 13.10 ± 4.51 mm distal to the zero point (Table 2). 
The prevalence of MTJ type and its location as shown 

in Table 3 differed from previous studies [17, 24]. The 
presence of low lying FHL is clinically relevant. It can 
provide a longer muscle belly for coverage of the in-
jured region and provides adequate vascular supply. 
However, it can cause FHL tendon entrapment [5]. 
MTJ can get entrapped at the proximal end of the 
fibro-osseous tunnel, resulting in limitation of distal 
excursion of the tendon. This generally causes pain at 
the entrapment area or the first metatarsophalangeal 
joint [9, 19].  This injury is frequently seen in runners, 

Table 2. Mean distances from medial and lateral musculotendinous junction (MTJ) to zero point and from tendinous interconnection 
(TIC) to Master Knot of Henry (MKH)

Male Female Total

Left Right Total Left Right Total

Mean distance from MTJ to zero point [mm] (62 soft cadaveric specimens)

Lateral belly 9
8.59 ± 9.60

(–6.54 – 20.88)

9
8.95 ± 10.24

(–8.39 – 21.21)

18
8.77 ± 9.63

(–8.39 – 21.21)

22
3.86 ± 11.77

(–18.27 – 20.96)

22
5.40 ± 12.97

(–30.62 – 5.54)

44
4.63 ± 12.26

(–30.62 – 20.96)

62 (100%)
5.83 ± 11.64

(–30.62 – 21.21)

Low lying 7
12.73 ± 5.75
(5.85 – 20.88)

7
13.33 ± 6.15
(5.91 – 21.21)

14
13.03 ± 5.73
(5.85 – 21.21)

13
12.46 ± 4.03
(5.76 – 20.96)

14
13.76 ± 3.71
(8.20 – 18.32)

27
13.13 ± 3.85
(5.76 – 20.96)

41 (66.13%)
13.10 ± 4.51
(5.76 – 21.21)

Non low-lying 2
–5.88 ± 0.93

(–6.54 – –5.22)

2
–6.37 ± 2.86

(–8.39 – –4.35)

4
–6.13 ± 1.76

(–8.39 – –4.35)

9
–8.56 ± 6.77
(-18.27 – 0.00)

8
–9.23 ± 9.73

(–30.62 – 0.00)

17
–8.87 ± 8.03

(–30.62 – 0.00)

21 (33.87%)
–8.35 ± 7.30

(–30.62 – 0.00)

Medial belly 9
–27.19 ± 11.32

(–42.12 – –12.78)

9
–21.57 ± 6.46

(–28.13 – –12.08)

18
–24.79 ± 9.66

(–42.12 – –12.78)

22
–22.34 ± 13.84
(–51.02 – –4.93)

22
–19.76 ± 14.70
(–65.95 – –5.54)

44
–21.08 ± 14.16
(–65.95 – –4.93)

62
–21.99 ± 13.21
(–65.95 – –4.93)

Mean distance from TIC to MKH [mm] (60 soft cadaveric specimens)

Low lying 6
3.68 ± 7.49

(–9.04 – 12.34)

6
4.33 ± 13.95

(–20.81– 17.56)

12
4.01 ± 10.68

(–20.81– 17.56)

13
5.65 ± 11.62

(–21.33– 18.06)

14
0.98 ± 10.64

(–15.75– 20.52)

27
3.23 ± 11.16

(–21.33 – 20.52)

39 (65%)
3.47 ± 10.88

(–21.33 – 20.52)

Proximal 1
–9.04

1
–20.81

2
–14.93 ± 8.33
(–20.81– –9.04)

2
–15.94 ± 7.66

(–21.33– –10.55)

5
–10.00 ± 3.91
(–15.75– –6.13)

7
–11.70 ± 5.31

(–21.33 – –6.13)

9 (15%)
–12.42 ± 5.65

(–21.33 – –6.13)

At MKH 1
0.00

1
0.00

2
0.00

3
0.00

3
0.00

6
0.00

8 (13.33%)
0.00

Distal 4
7.78 ± 3.58

(4.58 – 12.34)

4
11.70 ± 5.90
(4.14– 17.56)

8
9.74 ± 4.98
(4.14– 17.56)

8
13.16 ± 3.44
(7.96– 18.06)

6
10.63 ± 7.01
(5.04– 20.52)

14
12.08 ± 5.19
(5.04– 20.52)

22 (36.67%)
11.23 ± 5.13
(4.14 – 20.52)

Non-low-lying 2
9.69 ± 0.98

(9.00 – 10.38)

2
0.00

(0.00)

4
4.84 ± 5.62

(0.00 – 10.38)

9
0.08 ± 7.08

(–8.74 – 13.52)

8
1.83 ± 9.10

(–10.41 – 15.14)

17
0.90 ± 7.88

(–10.41 – 15.14)

21 (35%)
1.65 ± 7.55

(–10.41 – 15.14)

Proximal 0 0 0 4
–5.88 ± 2.77

(–8.74 – –3.05)

2
–10.18 ± 0.32

(–10.41 – –9.96)

6
–7.31 ± 3.10

(–10.41 – –3.05)

6 (10%)
–7.31 ± 3.10

(–10.41 – –3.05)

At MKH 0 2
0.00

2
0.00

2
0.00

2
0.00

4
0.00

6 (10%)
0.00

Distal 2
9.69 ± 0.98

(9.00 – 10.38)

0 2
9.69 ± 0.98

(9.00 – 10.38)

3
8.07 ± 4.72

(5.22 – 13.52)

4
8.74 ± 5.56

(3.62 – 15.14)

7
8.46 ± 4.80

(3.62 – 15.14)

9 (15%)
8.73 ± 4.20

(3.62 – 15.14)

All 8
5.18 ± 6.93

(–9.04 – 12.34)

8
3.25 ± 11.96

(–20.81 – 17.56)

16
4.21 ± 9.49

(–20.81 – 17.56)

22
3.37 ± 10.21

(–21.33 – 18.06)

22
1.29 ± 9.89

(–15.75 – 20.52)

44
2.33 ± 9.99

(–21.33 – 20.52)

60 (100%)
2.83 ± 9.81

(–21.33 – 20.52)

Data are shown as mean ± standard deviation (min–max) or number (%); –: proximal to zero point
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Figure 3. Photographs of left plantar surface of feet and resected flexor hallucis longus (FHL) and flexor digitorum longus (FDL) interconnec-
tion showing types of tendinous interconnection (TIC). Type I; FHL to FDL (A, B). Type II; FHL to FDL and FDL to FHL (C, D). Type V; double 
strands from FHL to FDL (E, F). New type; part of the FHL tendon fused with FDL tendon and the rest extended directly to the great toe (G, H); 
MTJ — musculotendinous junction; QP — quadratus plantae.
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tennis players, and dancers, who require dynamic, 
repetitive, or push-off movement [19, 27]. 

The exact knowledge of TIC anatomy and variation 
is important for harvesting and estimation of function-
al loss after transposition [29]. In addition, awareness 
of the number of connections between FHL and FDL 
tendons while harvesting tendon grafts distal to MKH 
is essential [3]. Results have shown the existence of 
connection between FHL and FDL tendons in all spec-
imens. The majority of cases in the present study were 
type I, which was similar to those in previous reports 
(Table 4) [7, 15, 16, 18, 20, 22, 25, 29, 32]. Types III, 
IV, VI and VII were not identified in the present study. 
In terms of overall proportions, this finding resembles 
the results of Edama et al. [7] and Mao et al. [17] in 
Asian cadavers (Table 4). In other ethnic studies, the 
prevalence of types III, IV, VI and VII varied from 0% to 
30%. Vasudha et al. [29] reported 2.94% of cases with 
some unusual fibres from flexor digitorum accessories. 
Therefore, ethnic differences might exist. 

In the results, a new type of TIC was depicted 
in 14 (8.5%) cases. The most common TIC distribu-
tion found in this type was type b. In the soft ca-
daveric specimens, the most prevalent location of the 
fusion point was distal to the MKH. In addition, all 
cases of the new type were categorised in type 1 MTJ 
morphology. Hence, the sample size of this study is 

greater than that of previous reports (Table 4). There-
fore, more variations might be seen. The tendinous 
slips from FHL propose the stable base for toe-off 
movements [14]. Thus, types of interconnections play  
a crucial role in defining the level of functional gain 
of toe movement in the postoperative period [29]. 
TIC between FHL and FDL tendons might restrict the 
harvesting of the FHL tendon distal to MKH [10]. 
Therefore, it is important to investigate their locations. 
Moreover, the length of the graft can be increased 
by including the tendinous interconnection into the 
graft [29]. Anatomical landmarks including medial 
malleolus, navicular tuberosity, interphalangeal joint, 
MKH and FDL tendon division were used previous-
ly to locate the TIC between FHL and FDL tendons  
[3, 5, 25]. MKH was selected as the reference landmark 
in this study. The surface location of MKH has been 
reported in our recent study [31]. Results revealed 
that most of the TIC was located distal to MKH with  
a similarity to Beger et al. [3]. They also suggested that 
the interconnection from FHL to FDL could be cut at an 
average of 27.1 mm distal to the MKH. However, the 
average distance from MKH in our study was shorter 
(11.23 ± 5.13 mm in low-lying group and 8.73 ±  
± 4.20 mm in non-low-lying group). The difference 
between studies may be due to the number of speci-
mens, method of cadaveric preservation and ethnicity.

Table 3. Comparisons of musculotendinous junction (MTJ) type and distance from MTJ to measuring point 

Author Year Race/ 
/Ethnicity

Cadaveric  
type

N MTJ morphology
Type 1 Type 2 Type 3 Other

This study (2021)
Prevalence

2020 Thai
Soft 

Embalmed
62
104

145 (87.3%) 0 (0%) 21 (12.7%) 0 (0%)

Distance from MTJ to the crossing of distal 
osseous part of tibia and FHL tendon:

Soft 62

Medial belly [mm] –21.99 ± 13.21 (–65.95 – –4.93)
Lateral belly [mm] 5.83 ± 11.64 (–30.62 – +21.21)

Mao et al. (2018) [17] 2018 Asian
Prevalence Embalmed 70 63 (90%) 5 (7.1%) 2 (2.9%) 0 (0%)
Distance from MTJ to the crossing of distal 
osseous part of tibia and FHL tendon:

70

Medial belly [mm] –33.24 ± 1.5 (–115 – +8)
Lateral belly [mm] –3.14 ± 2.2 (–39 – +43)

Pichler et al. (2005) [24] 2005 –
Prevalence Embalmed 80 70 (88%) 3 (4%) 5 (6%) 2 (3%)
Distance from MTJ to the bone cartilage  
transition of tibia:

80

Medial belly [mm] –34.64 ± 22.79 (–114 – +5.5)
Lateral belly [mm] –1.48 ± 12.92 (–57 – +25)

+: proximal to measuring point; – : distal to measuring point; FHL — flexor hallucis longus
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In this study, type b was the most frequent finding 
of distribution of tendinous slip to lesser toes which 
was similar to previous reports as shown in Table 4  
[3, 7, 14, 16, 25, 32]. Recently, Hirota et al. [12] 
introduced a FHL tendon branch test in 4 healthy 
men by electrical stimulation and electromyography 
recording of FHL and FDL. Considering the branch-
ing type, the FHL was presumed to not only act as 
the great toe flexor, but also play a significant role 
in the flexion of second and third toes [7, 16]. Toe 
flexor muscles are key muscles for foot stability and 
enhancement of sport performance. Therefore, this 
anatomical knowledge may lead to the benefit of toe 
muscle exercise for prevention of foot injuries and the 
improvement of sport performance [11, 12].

CONCLUSIONS
A revisit of FHL morphology including type and lo-

cation of MTJ, TIC morphology, pattern of distribution 
and its location related to the MKH was performed 
in 31 soft and 52 embalmed cadavers. Two morpho-
logical types of MTJ were identified including type 1 
(87.35%) and type 3 (12.65%). MTJ was found to re-
side either proximal (–) or distal (+) to the zero point. 
Lateral muscle belly extended beyond the zero point 
(low-lying) in 66.13% of cases with a mean distance 
of 13.10 ± 4.51 mm. All medial muscle bellies ended 
proximally to the zero point with a mean distance of 
–21.99 ± 13.21 mm. TIC type I, II, V and a new type 
were depicted. The most common was type I (82.93%). 
All types of TIC distribution were found and the most 
prevalent was type b (distributed to second and third 
toes) (67.68%). The most prevalent TIC location was 
distal to MKH with a mean distance of 11.23 ±  
± 5.13 mm in the low-lying group and 8.73 ± 4.2 mm 
in the non-low-lying group. No statistically significant 
differences were found for all parameters including 
gender, side, and group.
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Schwannoma in an accessory branch of the 
posterior cord of the brachial plexus: a rare  
case report
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Background: Variation in the posterior cord of the brachial plexus is complicat-
ed and creates a risky relationship with the neighbouring structures. This is of 
importance to the surgeons and anaesthetists who must deal with the region in 
surgeries and procedures. Moreover, any benign tumour like schwannoma is rare 
in the plexus comprising 5% of total head and neck schwannomas.
Materials and methods: We present a case of schwannoma of the brachial plexus 
in a cadaver during routine anatomy dissection for the medical students. The origin 
and order of branching of the posterior cord were recorded and photographs 
were taken. The tumour was present in an accessory branch of the posterior cord 
and removal was made in-toto. An immunohistochemistry study was done for 
confirmation of diagnosis.
Results: The classical branching of the posterior cord was present. Additionally,  
a branch existed that was supplying the triceps muscle and emerged directly from 
the posterior cord. Tumour having the dimension of 2 × 1.8 × 0.5 cm was present.
Conclusions: Schwannomas are indolent but may cause compression of the nerve 
and resulting neurological symptoms. They might mimic nodules of supraclavicular 
fossa in breast carcinoma. Variations of the brachial plexus can also make the 
surgeons confused during surgery due to which anatomical knowledge of the 
possible variations is important. Pre- and post-operative complications can be 
easily predicted from it. Follow-up of the tumour is essential to track its progress 
and differentiation. (Folia Morphol 2022; 81, 3: 777–780)

Key words: brachial plexus, variation, schwannoma, breast carcinoma, 
posterior cord, triceps, nerve block

INTRODUCTION
One of the challenging structures a surgeon faces 

in neck and axillary region procedures is the brachial 
plexus. Formed by the anterior rami of the lower 
four cervical nerves and first thoracic nerve (C5, C6, 
C7, C8, and T1), the plexus often shows variations 
in distribution and arrangement of the root, trunk, 

division, or cord and even the branches, making this 
anatomical region extremely complicated. Variations 
are common at the junctions or sites of separation 
of individual parts, and collateral branches may arise 
from the trajectory of the entire plexus supplying 
scapular belt muscles [1]. 

mailto:madhumitapatnaik916@gmail.com
https://orcid.org/0000-0003-1849-0872
https://orcid.org/0000-0003-3851-6910
https://orcid.org/0000-0002-6512-3787


778

Folia Morphol., 2022, Vol. 81, No. 3

Apart from variations in anatomy, the brachial plex-
us is a rare site for harbouring 5% of the total 25–45% 
of the head and neck schwannoma, which is a benign, 
encapsulated, well-demarcated tumour arising from 
the Schwann cells of cranial, peripheral, or autonomic 
nerve sheaths [4]. It is mostly sporadic in origin and 
shows slow, insidious growth, and is often solitary [3]. 
In the living, it may present as a painless, palpable neck 
mass [7], or it may sometimes present as a supraclavic-
ular cystic mass [3]. Due to proximity to vital structures, 
rarity and anatomic complexity of the brachial plexus,  
a schwannoma in association with a branching varia-
tion, is of utmost caution to the surgeons, anaesthetists 
for surgical procedures and anaesthetic blocks as well 
as to physicians to locate compression symptoms like 
pain, sensory loss, wakefulness, and paresis [1]. 

We present a serendipitous case of schwannoma 
arising from an accessory branch of the posterior cord 
of the brachial plexus in a cadaver.

CASE REPORT
During the routine anatomic dissection of the 

brachial plexus, a variation was found in the poste-
rior cord on the right side. The classical branching 
of the posterior cord into the upper subscapular, 
thoracodorsal, lower subscapular, axillary nerve and 
its distal continuation as radial nerve was observed. 
What additionally present was a nerve emerging from 
the posterior cord, medial to the radial nerve and 
branching distally with two branches supplying the 
triceps muscle. At the distal end of this additional 
nerve, almost 16.50 cm from the outer border of 
the clavicle and 18.5 cm from the olecranon process,  
a well-encapsulated 2 × 1.8 × 0.5 cm sized round 
tumour was noticed (Fig. 1). The tumour was resected 
in toto, and sections were subjected to histopatho-
logical examination. Tumour was well-circumscribed 
and encapsulated (Fig. 2A). The tumour cells were 
arranged in short fascicles. The cells were having an 

Figure 1. Dissected arm showing the brachial plexus with cords and branches. Notice the arrow that denotes the accessory branch arising 
out of the posterior cord of the plexus bearing the schwannoma; SHB — short head of biceps brachii; LPN — lateral pectoral nerve; AA —  
axillary artery; AN — axillary nerve; TDN — thoracodorsal nerve; MN — median nerve; LS — lower subscapular nerve; MCN — muscu-
locutaneous nerve; CB — coracobrachialis; RN — radial nerve; MCNA — medial cutaneous nerve of arm; UN — ulnar nerve; BA — brachial 
artery; MCNF — medial cutaneous nerve of forearm.
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elongated vesicular nucleus and moderate fibrillary 
cytoplasm. No mitotic activity was seen (Fig. 2B). 
Immunohistochemical analysis of the tumour showed 
a strong, diffuse expression of S-100 positivity which 
confirmed it to be a schwannoma (Fig. 2C).

DISCUSSION AND CONCLUSIONS
Variation in the branching pattern of the pos-

terior cord is common. Some existing studies have 
reported the classical branching pattern of brachial 
plexus in only 10.7% of cases [5]. The surgeons need 
to be aware of variant configurations of the cords 
of the brachial plexus while performing radical neck 
dissection and surgical exploration of the axilla and 
arm region to avoid damage to them. Moreover, the 
presence of communicating branches has to be kept 
in mind in the evaluation of unexplained sensory loss 
after trauma or surgical intervention in a particular 
area [8]. Neurotisation also needs proper identifica-
tion of all the branches emerging from the posterior 
cord of the plexus. Entrapment neuropathy can be 
avoided if we know the plexus and its variations well 
enough [5]. The radial nerve can show variations in 
its origin, branching and communications. Abnor-
mal communications of the radial nerve with the 
ulnar nerve have been reported in the plexus where 
the communicating branch was a separate filament 
given off from the radial nerve before entering the 
spiral groove where it did not mingle with the ulnar 

nerve fibres but entered the sheath and finally ended 
supplying the triceps muscle [6]. In our study, the 
accessory branch that had schwannoma in it was 
supplying the triceps muscle. The calibre of the nerve 
was like independent branches of the cord, arising  
a possibility that it could be a very high branching of 
the radial nerve itself. As observed by Uysal et al. [see 1], 
53.5% of the foetus has variations in brachial plexus. 
The variations were mostly on the right-hand side, as 
stated by Luis Ernesto Ballesteros and Ramirez, which 
is consistent with our report [1]. Multiple schwanno-
mas can happen, but most of them arise sporadically 
as single benign tumours [9], and in our case too, the 
tumour was solitary with the opposite side showing 
no presence of a tumour. The gross appearance of the 
tumour is oval or plexiform, and its colour may range 
from pink, tan, yellow to grey [4], which matched 
our findings where the tumour was oval and fixed 
along the long axis of the nerve with a mild pinkish 
tinge. The clinical importance of the schwannoma 
lies in the fact that it can cause direct nerve inva-
sion; it can infiltrate the surrounding tissues or exert  
a local mass effect [9]. The symptoms may range from 
mild paraesthesia and numbness to direct tenderness 
and radiating pain. Preoperative sensory and motor 
deficit can be present, with the former being more 
common, almost 54% vs. 41% [9]. They are mostly 
benign but may mimic malignancies such as breast 
carcinoma with supraclavicular mass and metastatic  

Figure 2. A. Representative photomicrograph showing a tumour which is well circumscribed and encapsulated; haematoxylin and eosin 
(H&E) ×40; B. The tumour cells are arranged in short fascicle. The cells have elongated vesicular nucleus and moderate fibrillary cytoplasm. 
No mitotic activity is seen; H&E ×40; C. The tumour cells showed strong immunopositivity for S-100; H&E ×200.

A B C
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lymph node [2]. Imaging studies like computed to-
mography scan and gadolinium-enhanced magnetic 
resonance imaging are important diagnostic tech-
niques for preoperative evaluation of schwannoma [4].  
However, surgery for schwannoma is indicated only 
when it causes neurological dysfunction or pain, 
compression symptoms and suspicions of malignan-
cy, but the real challenge lies in counselling patients 
about post-operative neurological deficits that are 
common. Despite easy enucleation of the tumour 
from the nerve, post-operative loss of sensation over 
the thumb or neurological phenomena due to C5–C6 
severing has been reported [7]. Muscle transposition 
or primary nerve repair using nerve graft can prevent 
or reduce post-operative neurological symptoms. 
Brachial plexus schwannoma is a rare tumour en-
tity, and coupled with an accessory branch of the 
posterior cord, it has immense importance in dif-
ferent branches of medicine as well as surgery and 
anaesthesia. 
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The endothelial-lined dural venous sinuses collect blood from the brain, menin-
ges, and calvaria and drain it to the internal jugular veins. The adult drainage 
pathway of the venous sinuses confluent is commonly via the transverse and 
sigmoid sinuses to the jugular bulb. The occipital (OS) and marginal (MS) sinuses 
are well-represented before birth, in most cases. During a retrospective study of 
the computed tomography angiograms of a 64-year-old female was found a rare 
combination of variants of the posterior fossa sinuses. The confluence of the dural 
venous sinuses was rhomboidal and drained superiorly the superior sagittal sinus, 
and inferiorly a well-represented OS. The transverse sinuses were aplastic, on 
the right side, and hypoplastic on the opposite side. The OS further drained into 
the MS which, on each side, emptied into the respective jugular bulb. On each 
side a condylar vein left the junction of the sigmoid sinus and jugular bulb. Such 
posterior fossa drainage, exclusively on the OS-MS pathway, should be kept in 
mind when transections of the venous sinuses are intended during neurosurgical 
approaches of the foramen magnum. The OS-MS drainage is rather a persisting 
foetal pattern. The bilateral anatomical exclusion of the transverse sinuses is an 
added condition to spare the OS and MS. (Folia Morphol 2022; 81, 3: 781–784)

Key words: computed tomography, dura mater, venous sinus, foramen 
magnum, posterior cranial fossa

INTRODUCTION
The endothelial-lined dural venous sinuses col-

lect blood from the brain, meninges, and calvaria 
and drain it to the internal jugular veins (IJVs) [2]. 
The superior group of the dural venous sinuses is 
the main one and consists of the sagittal sinuses, 
superior (SSS) and inferior, the straight sinus (StS), 
the occipital sinus (OS), the transverse sinus (TS) 
and the sigmoid sinus (SiS) [2]. The TS and the SiS 
represent the lateral sinus. The confluence of sinus-

es (torcular Herophili) lies in front of the internal 
occipital protuberance. 

The OS lies in the attached margin of the falx cere-
belli and drains into the confluence of sinuses [2, 3]. Its 
presence was variably detected in 18–81.7% of cases, 
depending on the methods of study [6]. On computed 
tomography angiograms the OS was short, rudimenta-
ry, and untraceable to the foramen magnum in 33.3% 
of cases [6]. The OS functions as the main drainage 
pathway when the lateral sinus is rudimentary [15].
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CASE REPORT
A 64-year-old female was admitted to the neu-

rosurgical department of the National Institute of 
Neurology and Neurovascular Diseases for further 
diagnosis and treatment. For evaluation of possible 
vascular malformations a brain computed tomog-
raphy angiography was performed after injecting 
iodine radiocontrast agent into the cubital fossa 
veins, followed by saline medium. The scan was per-
formed with a 32-slice machine (Siemens Multislice 
Perspective Scanner), using a 0.6 mm collimation 
and reconstruction of 0.75 mm thickness with 50% 

overlap for multiplanar, maximum intensity projec-
tion (MIP) and three-dimensional volume rendering 
(3D-VR) technique, as described previously [12, 13]. 
The case was documented using the Horos for iOS 
software (Horos Project). The research was conducted 
ethically in accordance with The Code of Ethics of the 
World Medical Association (Declaration of Helsinki). 

On the inner side of the cranial vault, the SSS was 
identified and was further tracked posteriorly. At 
about 4 cm above the internal occipital protuberance 
the SSS was dividing into a left arm 0.50 cm thick 
and a right arm 0.23 cm thick. These two arms di-

Figure 1. Three-dimensional volume renderings of the posterior fossa; A. Left antero-superior view; B. Left superior view; C. Right superior 
view; 1 — superior sagittal sinus; 2 — internal occipital protuberance; 3 — straight sinus; 4 — marginal sinuses; 5 — occipital sinus; 6 — 
right sigmoid sinus; 7 — vein of Labbé; 8 — left sigmoid sinus. On the right side the groove for transverse sinus lacks and there is aplasia of 
that sinus (arrowhead). On the left side the groove for transverse sinus lacks and that sinus is hypoplastic (double arrowhead).
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verged on the respective sides of the internal occipital 
protuberance, thus forming the superior borders of  
a venous rhomb (Figs. 1, 2). The right transverse 
sinus (TS) lacked (aplasia/agenesis), as also did the 
corresponding groove on the occipital squama. From 
the left angle of the venous rhomb left a hypoplastic 
TS, the length of which was 2.28 cm and the calibre  
0.11 cm calibre; it was blind-ended. The inferior 

borders of the venous rhomb joined inferior to the 
internal occipital protuberance to form the occipital 
sinus (OS) measuring 1.22 cm. The straight sinus was 
connected with the right angle of the venous rhomb 
and with the right infero-lateral border of the venous 
rhomb through a venous network. The OS further 
divided on the sides of the vermian fossa into the 
left and right marginal sinuses (MSs). These MS on 
each side ended into the respective sigmoid sinus (SS) 
proximally to the jugular bulb (JB). From the SS-JB 
junction left, on each side, condylar emissary veins 
coursing through posterior condylar canals (Fig. 3).

DISCUSSION AND CONCLUSIONS
A study of the evolution of venous sinuses drain-

age in hominids brought arguments suggesting that 
selection for bipedalism determined epigenetic ad-
aptations, such as a large OS-MS path and available 
emissary veins, but after bipedalism became estab-
lished these adaptations relaxed [5]. It is interesting 
to consider also the ontogenesis of the OS. It is not 
been developed yet in 3-month-old foetuses [6].  
A couple of months later, the TS is enlarged and 
reaches the torcular but the SiS is underdeveloped; 
drainage is ensured by OS channels connected with 
the MS and the jugular sinus [6]. The OS regresses only 
after birth [6] when a shift from a fatal to a postnatal 
type of circulation occurs [11]. Therefore, an OS-to-
-IJV anatomical path of drainage could be regard-
ed as a persistent foetal morphology. Interestingly,  
a dissection study in 33 neonatal cadavers found no 
hypoplastic or aplastic sinuses, all the specimens had 
OS, and no bilateral drainage of the OSs via MSs was 
found [9]. When the OS drains into the SiS, and not 
into the jugular bulb, is termed “oblique OS” [15]. 
Such previously reported rare morphologies [6, 14], 
including the present case, are presented in Figure 4. 

Seemingly, the OS-MS pathway, as well as condylar 
emissary veins, are of use to compensate dysplastic TSs. 
Bergman’s Encyclopedia of Human Anatomic Variation 
[1] quotes the report of Hamnett et al. [7] who found 
the bilateral absence of the TS (hypoplasia with con-
tralateral aplasia), the OS providing the only drainage 
pathway for the SSS and the StS to the MSs and the 
jugular bulbs. That variant mostly corresponds to ours, 
the difference being that in the case reported here the 
SiSs also drained through condylar veins.

Dora and Zileli [4] documented different com-
bined variants, such as bilateral hypoplastic lateral 
sinuses, but with OS absent, or hypoplastic lateral 

Figure 2. The confluent of the venous sinuses is drained via the 
occipito-marginal sinus. Right transverse sinus aplasia and left 
transverse sinus hypoplasia. Schema of the anatomic variant. Right 
anterior view; 1 — superior sagittal sinus; 2 — postero-inferior 
end of the superior sagittal sinus, divided into two divergent arms; 
3 — straight sinus; 4 — venous network; 5 — occipital sinus;  
6 — left hypoplastic transverse sinus, blind-ended; 7, 7’ — sigmoid 
sinuses; 8, 8’ — marginal sinuses; 9, 9’ — internal jugular veins.

Figure 3. Three-dimensional volume rendering, postero-inferior 
view of the occipitovertebral junction. There are identified bilateral 
emissary condylar veins (arrowheads) and the internal jugular 
veins (arrows).
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sinus with OS present, but without MSs. None of the 
variants documented by these authors fits with the 
presently reported one. 

A drainage pathway via the OS and MS with aplas-
tic/hypoplastic TSs, such as in this case, stands as 
a unique possibility of emptying the confluent of 
sinuses. Therefore, surgical transection of the OS 
and/or MS would determine major perturbations in 
the venous drainage of the brain. The emissary veins 
could not compensate the resulted deficit because 
they are inserted into a variant of SiS unfilled from 
the confluent of sinuses. 

Previously, in 1881, Knott [8] documented ana-
tomical variants of the venous sinuses and discussed 
that both lateral sinuses, thus the TS continued as 
SiS, could be hypoplastic, the blood being drained 
via the OS and the MS. In the case reported here  
a TS was aplastic, and not hypoplastic. 

The venous pattern of drainage is important in 
understanding the pathophysiology and risks asso-
ciated with dural arteriovenous fistulas [10]. 
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The persistent trigeminal artery (PTA) is the most common foetal carotid-basilar 
anastomosis which may persist into adult life. In the literature there are numer-
ous papers referring to the anatomical characteristics of this anomalous vessel. 
In the majority of cases PTA is an incidental finding and its clinical significance 
has been debated. Some authors describe the coincidence of PTA with various 
clinical syndromes. However, there are few reports linking PTA with the symptoms 
of vertebrobasilar insufficiency. We present a patient with a 3-year history of re-
current dizziness and impaired vision, precipitated by physical activity, in whom 
neuroimaging techniques revealed a left PTA. In our case the occurrence of PTA 
might have been related to the clinical manifestation and the potential mechanism 
will be discussed. (Folia Morphol 2022; 81, 3: 785–790)

Key words: persistent trigeminal artery, computed tomography 
angiogram, stroke, magnetic resonance imaging, vertebrobasilar 
insufficiency

INTRODUCTION
The persistent trigeminal artery (PTA) is the most 

common remnant of the primitive circulatory system 
that unites the internal carotid (anterior) and verte-
brobasilar (posterior) systems. The PTA contributes 
to about 85% of known primitive persistent anas-
tomoses [1, 25]. The reported incidence of the PTA 
ranges from 0.1% to 0.6% [7, 24]. Most cases are 
detected incidentally during brain imaging performed 
for unrelated reasons, so the real frequency can be 
higher, based on unrecognised cases. The PTA is usu-
ally asymptomatic; however, in some cases may be 
connected with III or VI nerves palsies, trigeminal neu-
ralgia, vertigo, ataxia, stroke, migraine headache and 
other neurological symptoms [9, 14, 30, 35]. It may 
be also associated with other vascular abnormalities 

such as basilar hypoplasia or anatomical variations 
of aortic arch and its branches [10, 29].

CASE REPORT
A 33-year-old man, with no prior comorbidities, 

presented to our clinic with a 3-year history of re-
current dizziness and impaired vision. The symptoms 
were transient, lasting usually over a few seconds, 
triggered by moderate physical activity, especially walk-
ing. Head rotation did not aggravate the symptoms. 
There was no prior history of arm claudication, as well 
as loss of consciousness or seizures. The patient was 
an underground copper miner, potentially exposed 
to dust and toxins. No neurological deficit was found 
on examination. Magnetic resonance imaging of the 
brain, with and without contrast enhancement, was 
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within the normal limits. A computed tomography 
angiogram was performed, revealing a left PTA, an 
anomalous vessel extending from the internal carotid 
artery (ICA) to the basilar artery (BA) (Fig. 1–5). The PTA 
arose from the junction between petrous and cavern-
ous ICA, and ran posterolaterally along the trigeminal 

Figure 5. Posterior circulation computed tomography angiogram, 
maximum intensity projection oblique reconstruction; BA — basilar 
artery; PCA — posterior communicating artery; PTA — persistent 
trigeminal artery; SCA — superior cerebellar artery.

Figure 1. Computed tomography angiogram axial view show per-
sistent trigeminal artery on the left (arrow). It is the most common 
variant of persistent carotid basilar anastomoses.

Figure 2. Magnetic resonance. Axial T2-weighted scan. Persistent 
trigeminal artery on the left (arrow).

Figure 4. Volume rendering three-dimensional reconstruction, 
cerebral angiogram based on computed tomography angiogram 
examination. Bigger arrow persistent trigeminal artery (connection 
basilar artery [BA]-internal carotid artery [ICA]), smaller arrow pos-
terior communicating artery (connection posterior communicating 
artery [PCA]-internal carotid artery [ICA]), both on left side;  
ACA — anterior cerebral artery; MCA — middle cerebral artery;  
VA — vertebral artery. 

Figure 3. Computed tomography angiogram, maximum intensity 
projection reconstruction. Persistent trigeminal artery fills superior 
cerebellar arteries, posterior communicating arteries supplied via 
patent posterior communicating artery (PCoA) on the left (asterisk). 
The absence of right PCoA (arrow).
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The potential benefits of surgical procedure would not 
justify the possible risk of such treatment. 

DISCUSSION
There are many reports regarding intracranial vas-

cular development, and one of the most significant 
was made by Padget in 1948 [2, 32]. During the 
evolution of the vertebrobasilar arterial system, the 
hindbrain is supplied predominantly by four foetal 
carotid-basilar anastomoses: the trigeminal, otic, hy-
poglossal, and proatlantal intersegmental arteries, 
arising at the 3 mm embryonic stage. The above-men-
tioned connections regress with the subsequent de-
velopment of posterior communicating arteries and 
basilar artery and should disappear by the 14 mm 
stage [2]. Failure of this process results in persistence 
of these vessels into adult life. Within four persistent 
foetal carotid-basilar anastomoses, the trigeminal 
artery is the most common.

The PTA was firstly reported by Richard Quinn in 
1844 during an autopsy [35]. In 1950 the PTA was 
recognised by Sutton, based on angiography [35].

The PTA typically arises from the posterior or lateral 
part of intracavernous (C4) segment of the ICA and 
terminates at the BA, between the first part of the SCA 
and anterior inferior cerebellar artery (AICA) [4, 12, 34]. 
In some cases pontine perforating branches of PTA are 
observed [3, 23, 33]. The incidence of PTA varies from 
0.1% to 0.6% [11] and according to some studies is 
higher in women [5, 22]. In most cases the right or 
none-sided predominance of the PTA is detected.

The most common classification system, based 
on angiographic characteristics, was introduced by 
Georg-Frederik Saltzman in 1959 [4]. It divides the 
PTA into three groups according to its relationship to 
the basilar artery. In Salzmann type I, the PTA enters 
the basilar artery between the SCA and the AICA, 
supplying both PCA and SCA. The BA is typically hy-
poplastic and the ipsilateral posterior communicating 
artery is absent. In Saltzman type II, the PTA provides 
the anterior superior cerebellar artery, whereas the 
posterior cerebral arteries arise from the posterior 
communicating arteries. The first segment of BA is 
missing. Saltzman type III, the rarest type, is consid-
ered to be a combination of types I and II. In type III 
PCA is supplied by the ipsilateral PCoA, the other PCA 
and both SCA being supplied by the PTA. Saltzman 
type I is the most prevalent and accounts for about 
24% of all cases [29, 35]. 

nerve, its diameter was about 2–3 mm. The PTA filled 
superior cerebellar arteries (SCAs), while the patent 
left posterior communicating artery (PCoA) supplied 
the posterior cerebral arteries (PCAs). According to 
its course and connections, the vessel was classified 
as Saltzman type II. The examination also showed 
the focal stenosis of the right vertebral artery (VA) 
at the C4 level, the absence of the right PCoA and 
hypoplasia of A1 segment of anterior cerebral artery 
(ACA) (Fig. 2). The Figure 6 is a pictorial presentation 
of the cerebral vasculature anatomy in our patient. No 
other variations were found in the vessels supplying 
the central nervous system. The patient was treated 
conservatively with acetylsalicylic acid (75 mg per day) 
and cinnarizine with dimenhydrinate (20 + 40 mg  
3 times per day) as a short-term therapy for dizziness. 

ACA A2

ACA A1

MCA

PCoA

PTA

PCAPCA

SCASCA

AICAAICA

BA

PICAPICA

VAVA

MCA

hypoplastic ACA

ICA
ACoA

ICA

ACA A2

Figure 6. Schematic presentation of the cerebral vasculature anat-
omy in our patient; ACA A1 — A1 segment of anterior cerebral ar-
tery; ACA A2 — A2 segment of anterior cerebral artery; ACoA —  
anterior communicating artery; PCoA — posterior communicating 
artery; ICA — internal carotid artery; AICA — anterior inferior 
cerebellar artery; PICA — posterior inferior cerebellar artery; BA — 
basilar artery; MCA — middle cerebral artery; PCA — posterior 
communicating artery; PTA — persistent trigeminal artery; SCA — 
superior cerebellar artery; VA — vertebral artery
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In 1998 Salas et al. [33] proposed a different 
classification, dividing the PTA into two types based 
on its relationship to the abducens nerve: the lateral 
(petrosal) and medial (sphenoidal). The lateral type 
is recognised when the artery courses laterally to the 
abducens nerve and pierces the dura mater just me-
dially to the sensory root of the trigeminal nerve. The 
second, medial type, is recognised when the artery 
courses medially to the abducens nerve, penetrates 
the dorsum sellae and joins the distal third of the 
basilar artery [33]. The study indicated that the latter 
type is more common [31, 36]. 

Most cases of PTA are recognised incidentally in 
imaging diagnostic tests performed for other reasons. 
Typically PTA is associated with BA hypoplasia, the 
observation being confirmed in the large neuroim-
aging series [10, 31]. There are some reports in the 
literature regarding the correlation of the PTA with 
other abnormalities in the circle of Willis, such as the 
absence of the ipsilateral PCoA, VA or BA. Due to em-
bryonic error in vasculogenesis, the PTA is frequently 
observed in PHACE syndrome [19]. The connection 
with the increased risk of aneurysm is controversial. 
The high incidence of aneurysm is explained by hae-
modynamic changes in blood flow, which promote 
aneurysm formation [31]. In an older study [1, 18], 
the prevalence of associated intracranial aneurysms in 
patients with PTA was reported to be up to 14–32%. 
In the newest reports based on magnetic resonance 
imaging examination, the prevalence is estimated to 
be approximately 16% [12]. However, Meckel et al. 
[29] suggested that the real frequency of aneurysm 
coexisting with the PTA does not differ from that in 
the general population (4.2% vs. 3.7%) [25, 29]. An-
eurysm connected with the PTA has a lot of potential 
sites. Behari described an aneurysm on the posterior 
communicating artery, Maeshima et al. [28] showed 
a case of PTA connected with multiple aneurysms 
on ACA and middle cerebral artery [8, 28]. Bechri et 
al. [7] in 2020 reported a case of a posterior menin-
geal artery aneurysm coexisting with PTA. In a great 
number of cases the persistent trigeminal artery is 
an incidental discovery and its clinical significance 
has been debated. The symptoms may depend on 
associated vascular abnormalities or their localisation. 
The PTA has been identified as a rare cause of cranial 
nerves dysfunction, including incomplete oculomotor 
and abducens nerve palsies, trigeminal neuralgia and 
hemifacial spasm. The ischaemic events related to the 
PTA are rare and can occur through the steal phe-

nomenon or thrombosis in anterior circulation [16, 
21]. Typically, persistent trigeminal artery aneurysms 
(PTAA) are discovered incidentally in patients with 
subarachnoid haemorrhage (SAH) due to the rupture 
of a simultaneous aneurysm in another localisation. 
Ruptured PTAA can be presented with symptoms 
of headache and posterior cranial fossa symptoms, 
according to the SAH [29]. In the case of large and 
giant cavernous PTAAs, cranial neuropathy or facial 
pain can be observed [13]. Furthermore, PTA was pos-
tulated as a potential cause of vertebrobasilar insuf-
ficiency (VBI), which could be defined as inadequate 
blood flow through the posterior circulation system, 
without actual infarction, with a temporary inability 
to meet cerebral metabolic needs as a consequence 
[20]. Posterior circulation supplies the brainstem, 
cerebellum, thalamus, occipital lobe, some portions of 
temporooccipital and parietooccipital junctions and 
even the inner ear through the labyrinthine artery [6].  
Dizziness is the most common symptom of VBI, 
but the diversity of brain regions being supplied by 
vertebrobasilar vasculature explains the variety of 
complaints, such as diplopia, blindness, visual field 
deficits, imbalance, and ataxia [20]. Patients with 
VBI usually present more than one symptom at the 
same time. The most frequent pathology underlying 
VBI is atherosclerosis; however, other causes such 
as embolism, arterial dissection, migraine and fi-
bromuscular dysplasia may occur [27]. As during 
embryonic development PTA originates from ICA, the 
physiological direction of blood flow through PTA is 
mostly from the ICA to the BA [6, 15]. Nevertheless, 
the reverse of this direction may occur in certain clin-
ical situations. In case of severe stenosis or occlusion 
of the ipsilateral ICA, the reversal of flow through 
PTA may play a protective role and be sufficient to 
perfuse ICA and its branches, keeping the patient 
free of hypoperfusion symptoms [26]. Conversely, if 
PTA coexists with other anomalies of the intracranial 
vessels, such as hypoplastic vertebral artery, ICA may 
be the sole supply to the posterior circulation system. 
In that case if carotid stenosis occurs, the patient 
may develop symptoms of VBI [6]. However, our pa-
tient did not have any risk factors for cardiovascular 
disease, and there were also no radiologic signs of 
atherosclerosis. The review of the literature revealed 
only one previously reported case linking PTA with 
VBI symptoms, without the simultaneous presence of 
carotid pathology, in which dilatation of PTA and BA 
was the speculated mechanism [17]. In our patient 
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the lack of the right PCoA, together with the stenosis 
of the right VA, might have resulted in the left ICA 
being the main supply to the posterior circulation 
system. In the case of the exercise-induced increase of 
metabolism in the anterior portion of the brain, PTA 
might have been insufficient to perfuse the posterior 
fossa region of the brain, leading to VBI symptoms. 
We could not exclude the potential reverse of blood 
flow direction in this case, from the vertebrobasilar 
system to the carotid artery.

CONCLUSIONS
Due to the high prevalence of dizziness in the gen-

eral population, awareness of its rare causes seems to 
be crucial. The PTA may play a role in the production 
of VBI symptoms. In patients with VBI of unknown 
origin, a computed tomography angiogram should 
be considered as a diagnostic procedure.
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Arterial tortuosity describes variation via bending of the arterial wall and has been 
noted in several arteries throughout the body. Tortuous blood vessels can cause 
nerve compression, as well as present difficulties to surgeons and radiologists. 
Here we present an unusual case of multi-vessel arterial tortuosity discovered in 
78-year-old Hispanic male cadaver, independent of systemic pathology. The left 
ulnar and right tibial arteries were dissected, and using calibrated digital callipers, 
their external and internal diameters were measured both at the origin site and 
at the site of greatest dilation. Both wall thickness and the number of inflection 
points were also measured. Six bends were noticed in the ulnar artery and its di-
ameter measured 8.11 mm at its widest, with a wall thickness of 0.88 mm. On the 
lower extremity, the right tibial artery had three bends and its diameter measured  
4.86 mm at its widest, with a wall thickness of 1.32 mm. This uncommon tortu-
osity is not only more prone to laceration during surgery, but the bending and 
thickening can be mistaken for tumours. Finally, fluid dynamics can be altered, 
resulting in an impact on blood pressure in the extremities. Thus, raising awareness 
is crucial to prevent both symptoms and iatrogenic complications. (Folia Morphol 
2022; 81, 3: 791–797)

Key words: arterial, tortuosity, ulnar, tibial, cadaveric

INTRODUCTION
Arterial tortuosity involves varying degrees of 

abnormal twists and bends [7]. There are a few ar-
teries known for their tortuous course, including the 
classic descriptions of the splenic and facial arteries 
[40]; however, there have been numerous reports of 
incidental findings of anatomical variation in arteries 
throughout all regions of the body including the 
head and neck [6, 14], thorax [42], abdomen and 
pelvis [27], upper limb and lower limb [45, 46]. These 

incidental cases report findings generally with involve-
ment of a single vessel are distinct from arterial tor-
tuosity syndrome, which is characterized by “severe 
and widespread arterial tortuosity of the aorta and 
middle-sized arteries” plus craniofacial involvement 
and skin or connective tissue disorder [5]. While the 
exact causal mechanisms of arterial tortuosity are 
unknown, it has been associated with senescence, 
high blood pressure as well as other cardiovascular 
risks, and is more common in females [7].
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Clinically, both arterial and venous abnormal 
tortuosity has been associated with compression of 
nerves [11, 15, 26, 49]. A tortuous ulnar artery may 
also present difficulties to neuroradiologists, radi-
ologists and surgeons during relevant procedures 
[36, 44]. Regarding the lower limb, previous reports 
had no comment on clinical implications of posteri-
or tibial arterial tortuosity; though tortuosity of the 
accompanying posterior tibial veins has been linked 
to entrapment of the tibial nerve within the tarsal 
tunnel [31].

Here we report and discuss a unique case of distal 
limb arterial tortuosity discovered during a routine 
cadaveric dissection. While there have been reports 
in distal limb vessels, to our knowledge, these have 
not been reported in the same individual outside of 
arterial tortuosity syndrome.

CASE REPORT
The presence of an enlarged and tortuous ulnar 

artery was observed during a routine dissection of  
a left upper limb in a 78-year-old Hispanic male ca-
daver. The left ulnar artery had a typical appearance at 
its origin from the brachial artery; however, ~66 mm  
proximal to the flexor retinaculum, a significant wind-
ing pattern was observed with sinusoidal bends and 
a widened appearance (Fig. 1). Further dissection 
revealed a mildly enlarged but not tortuous artery 
on the right side (Fig. 2). Dissection of the lower ex-
tremities revealed a similar pattern in the tibial artery 
with enlargement and tortuosity noted on the right 
side (Fig. 3), while the left appeared relatively normal. 
Further inspection and dissection of the arteries in all 
other regions were unremarkable.

In a questionnaire filled out prior to the donor’s 
death, they self-reported a brief smoking history 
over 50 years prior during young adulthood as well 
as a cancer history but did not specify which type. 
No enlarged lymph nodes or abnormal masses were 
seen. The University of Massachusetts Medical School 
(UMMS) Institutional Review Board determined this 
case report (#H00020805) is not human subject re-
search.

METHODS
Terminology for describing vessel appearance and 

classification of the anatomical variation is based on 
Ciurica et al. [7]. While there is currently no standard-

Figure 1. Ulnar artery on left side. Arrows signify abnormal sinu-
soidal bends.

Figure 2. Ulnar artery on right side. There was mild external en-
largement and a slight winding nature.

Figure 3. Tibial artery on right side. Arrows signify abnormal sinu-
soidal bends. Dotted lines highlight the area of external enlarge-
ment and a slight winding nature.
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ised measure for determining the amount of arterial 
tortuosity in two-dimensions, three main methods are 
used consistently in the literature. The first method 
is based on a sum-of-angles metric, typically defined 
as the deviation from the anatomical normal straight 
path of the vessel. This metric is usually provided as  
a total number of degrees or as a ratio of straight-line 
length [12, 35, 48]. The second method calculates 
the degree of angulation from a centre line of flow, 
often as a mathematical measure of curvature, or 
amplitude [4]. This measure can be thought of as 
representing ‘wave-height’. Lastly is the ‘distance 
metric’ which provides a ratio of the vessel path to 
the straight-line measure and can be used to describe 
the actual length of the vessel versus the anatomical 
normal length. In cadaveric studies this usually in-
volves excision and straightening of the vessel before 
measuring [10, 41]. Distance metric was chosen as the 
optimal assessment of vessel tortuosity for this study 
as it would more accurately represent the normally 
straight arteries involved. To achieve this, measures 
were collected for straight-line length and path. The 
two vessels with greatest variation (left ulnar artery 
and right tibial artery) were subsequently removed for 
further analysis. For these, vessel external and internal 
(lumen) diameter was measured at both the origin 
and at the site of greatest dilation, wall thickness 
was also determined at the same sites. Additionally, 
the number of inflection points (bends) was noted 
for all vessels. All of the measures were taken by two 
observers with calibrated digital callipers.

RESULTS
The diameter of the tortuous segment of the ulnar 

artery measured 8.11 mm at its widest, whereas it 

was only 4.66 mm at its origin (Table 1). The arterial 
walls of the tortuous segment appeared thickened, 
and the lumen of the artery measured 4.2 mm (Fig. 2).  
Six bends were noted in the left ulnar artery prior 
to diving under the palmar carpal ligament and 
continuing into the ulnar tunnel (Guyon’s canal). 
Upon continued dissection of the hand, the ulnar 
artery terminated into the superficial palmar arch 
and common palmar digital arteries. The tortuosity 
seen in the ulnar artery continued into the distal 
palmar arteries. In the area of tortuosity, the wall 
thickness was greater (0.88 mm) than at the origin 
(0.47), resulting in a reduced internal diameter of 
the lumen (4.07 mm vs. 4.58 mm). The left ulnar 
artery was then traced proximally and was noted to 
be typical in size and shape proximal to the bends, 
with no aneurysms apparent. No abnormalities were 
seen at the origin of the vessel from the brachial 
artery. The brachial artery was also traced proximally 
and had a typical appearance. Dissection of the right 
arm revealed a slightly enlarged ulnar artery which 
had a diameter of 5.70 mm at the origin (Fig. 2). 
The right ulnar artery also exhibited a slight bend, 
30 mm proximal of Guyon’s canal, but a torturous 
pattern did not exist. 

Dissection of the lower extremities revealed  
a tortuous tibial artery on the right side (Fig. 3) with the 
left appearing normal. The diameter of the tortuous 
segment of the right tibial artery measured 4.86 mm  
at its widest and 3.47 mm at its origin. Again, in  
the area of tortuosity, the wall thickness was much 
larger (1.32 mm) than at the origin (0.81), resulting  
in a reduced internal diameter of the lumen (2.77 mm  
vs. 3.66 mm). No other vascular variants were  
observed.

Table 1. Results of measurements of arteries in millimetres

Measure Left ulnar artery Right ulnar artery Right tibial artery

SLM 132.06 ± 2.14 75.45 ± 3.14 115.73 ± 1.27

Path 151.86 ± 3.94 93.98 ± 0.91 130.22 ± 1.97

Number of inflections 6 ± 0 3 ± 0 4 ± 0

External MD origin 4.66 ± 0.11 5.70 ± 0.26 3.47 ± 0.04

External MD — widest point 8.11 ± 0.49 8.16 ± 0.42 4.86 ± 0.11

Internal MD — origin 4.58 ± 0.06 – 3.66 ± 0.11

Internal MD — widest point 4.07 ± 0.11 – 2.77 ± 0.07

Wall thickness — origin 0.57 ± 0.05 – 0.81 ± 0.01

Wall thickness — widest point 0.88 ± 0.01 – 1.32 ± 0.03

Data are shown as average ± standard deviation; MD — maximal diameter; SLM — straight-line measure
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DISCUSSION
Numerous distal limb arterial variations have been 

reported in the literature [17, 21, 32, 38, 44, 49]. The 
present case reports a cadaveric dissection revealing 
distally tortuous ulnar and posterior tibial arteries, 
without any other vascular abnormalities. This is  
a particular import given that multi-site tortuosity is 
associated with systemic pathologies such as arterial 
tortuosity syndrome. While the exact cause of arterial 
tortuosity is unknown, several mechanisms have been 
suggested including calcification of the arterial wall as 
well as inconsistent arterial repair mechanisms [13]. 
Additionally, it can be related to age, loss of arterial 
elasticity, and position relative to the joint axis [45]. 
Both genetics and vascular pathologies, including 
hypertension and atherosclerosis, may play a role 
[13]. The presence of tortuous tibial arteries as well 
could suggest a systemic pathology, or genetic cause, 
as the reason for the tortuosity in this donor.

The ulnar artery is one of two terminal branches 
of the brachial artery. It arises from the brachial artery 
in the medial aspect of the forearm, typically distal 
to the antecubital fossa, and is the primary source 
of blood supply of the medial forearm. Typically, it 
is accompanied by the median nerve in the proximal 
forearm and by the ulnar nerve medially in the distal 
forearm and wrist. The ulnar artery terminates at the 
superficial palmar arch, where the arch anastomoses 
with a branch of the radial artery, the other terminal 
branch of the brachial artery [39]. The posterior tibial 
artery is the more posterior branch of the popliteal 
artery and supplies the posterior compartment of the 
leg. It gives rise to the fibular artery and terminally 
bifurcates into the medial and lateral plantar arteries. 
The posterior tibial artery courses with the tibial nerve 
and accompanying veins in the tarsal tunnel.

Variations in the upper limb vasculature have been 
well documented in the literature. Previous studies 
have described and classified upper limb arterial varia-
tions such as a superficial brachial artery, an accessory 
brachial artery, a superficial radial artery, and arteries 
with higher origins from the brachial artery, among 
others [22, 30, 38]. For the ulnar artery, thrombosis 
and aneurysmal dilatations are the most common [2]; 
other variations include proximal origins and superficial 
courses. There have been well-documented cases of 
variations such as a superficial ulnar artery, which poses 
a significant issue during forearm free flap harvesting 
[2, 3, 28] yet there are only a limited number of cases 

reporting a tortuous ulnar artery. It has been reported 
that a looped and tortuous ulnar artery is the rarest 
anatomical variation seen in the ulnar artery [44].

Arterial tortuosity has also been described in the 
lower limb. Tortuosity has also been reported in the 
popliteal artery and tibial-peroneal trunk [34]. Report-
ed variation of the posterior tibial artery is primarily 
related to the level of its origin or terminal bifurcation, 
as well as aplasia or hypoplasia [20]. Studies examin-
ing tortuosity in the posterior tibial artery reported  
a prevalence of 26–35% [16, 18]; these studies fo-
cused on the region surrounding the tarsal tunnel.

Using ultrasound and Doppler, Ashraf et al. [1] 
determined that the mean average internal diameter 
of the ulnar and radial arteries were 2.4 ± 0.4 mm 
and 2.3 ± 0.4 mm on the right and 2.3 ± 0.3 mm 
and 2.2 ± 0.4 mm on the left. A cadaveric study also 
reports the mean internal diameter of the ulnar and 
radial arteries to be 2.5 and 3.2 mm on the right and 
2.4 and 3.0 mm on the left [37]. We report an internal 
diameter of 4.2 mm of the left ulnar artery with an  
8 mm external diameter suggesting that the tortuosity 
increases artery lumen and overall size. Early compu-
tational fluid dynamics studies in tortuous coronary 
arteries suggest that such changes may impede the 
ability of the artery to self-regulate blood flow during 
increased demand [47]. Nevertheless, tortuous distal 
limb arteries carry significant clinical implications.

Clinical implications

Vascular lesions in the ulnar artery, including a tor-
tuous artery, can result in nerve compression. Reports 
have linked a tortuous ulnar artery to Guyon’s canal 
syndrome, a condition that causes hand numbness, 
pain, and tingling, resulting in a significant decline in 
quality of life [9]. The canal of Guyon, also called the 
distal ulnar tunnel, is a fibro-osseous space containing 
the ulnar nerve and its branches, the ulnar artery, as 
well as veins and lymphatic vessels [8]. Symptoms 
may be caused by ulnar nerve entrapment in Guyon’s 
canal, due to the proximity of the nerve to the mal-
shaped ulnar artery [11, 15, 49]. This is also true of 
the tarsal tunnel in the lower extremity. Machiels et 
al. [25] reported that dilated or tortuous veins in the 
tarsal tunnel can cause compression of the posterior 
tibial nerve resulting in tarsal tunnel syndrome. The 
variation seen here in the posterior tibial artery may 
also have implications for tibial nerve blocks and 
calcaneal pin insertions. A tortuous posterior tibial 
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artery is exceedingly rare in the literature, but it is 
reasonable to conclude that such an artery can com-
press the posterior tibial nerve and cause symptoms.

Tortuous vessels are problematic during surgery, 
imaging, and interventional procedures. On imag-
ing, tortuous arteries can appear as solid masses, 
which can be mistaken for tumours [26]. A winding 
and tortuous artery is also more prone to laceration 
during surgery [26]. Further, the multiple bends seen 
in these vessels are at risk of perforation in various 
procedures [44]. The ulnar artery is also becoming 
more frequently used for percutaneous coronary in-
tervention if the radial artery is deemed unusable 
[43]. In this circumstance, understanding the exact 
shape of the ulnar artery is necessary. In addition, 
the ulnar artery can be used for cerebral angiography 
under certain circumstances [23]. Finally, in patients 
undergoing dialysis, the ulnar artery can be used for 
creating arterio-venous fistulas [24].

In the aforementioned cases, knowledge of the 
ulnar artery’s actual shape and positioning is crucial. 
Ultrasound and magnetic resonance imaging can be 
used to determine this information when necessary, 
in attempts to reduce both the symptoms of disorders 
as well as iatrogenic mishaps.

The abnormal variation in the arterial pattern 
noted here would have an impact on blood pressure 
to the extremities. Blood is an incompressible viscous 
fluid, and basic fluid flow mechanics principles can 
be used to extrapolate the impact of the variation 
on velocity and pressure [29]. The Hagen–Poiseuille 
equation is used to calculate the flow of viscous fluid 
in a cylindrical pipe [29].

As per Poiseuille’s law, the viscosity of blood will 
cause a pressure drop, proportional to the length 
travelled [29], therefore the longer path created by 
the tortuosity seen here would result in lowered blood 
pressure travelling through the artery. While the ves-
sels appear externally to be enlarged at the site of 
tortuosity this is an impact of increased wall thickness 
which actually results in a decrease in diameter of 
the lumen. When blood flows out of a larger circular 
pipe, into a narrower diameter its velocity will be 
increased; however, its pressure will decrease [33]. 
The narrowing of the vessel and the elongated path 
of the tortuosity could then be described cumulatively 
acting to result in decreased pressure. Additionally  
a decrease in pressure would be created by the in-
flection points (bends) [19].

Limitations of the study

The analyses presented here had a number of 
limitations, importantly the vessel’s external and in-
ternal diameter was measured in two dimensions, 
essentially a representation of flattened width versus 
true diameter but this was internally controlled as 
all were measured in the same manner. Additionally, 
the dryness of vessels as part of the embalming and 
dissection process may have led to some shrinkage 
of the tissues. While vessels from both sides of the 
body were able to be measured for the upper limb 
it was not possible to take measurements from the 
contralateral lower limb as the donor was cremated 
and returned due to the family’s urgent request.

CONCLUSIONS
The current report suggests that arterial tortu-

osity can occur in multiple sites distinct from the 
systemic, arterial tortuosity syndrome. A proper un-
derstanding of a patient’s specific regional anatomy 
is vital for radiologists, surgeons, and clinicians in 
general, as unknown variations can lead to unex-
plained pain and iatrogenic injuries. Raising aware-
ness regarding ulnar artery tortuosity should help 
to reduce such events.
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Awareness of variations in the hepatic vasculature and biliary system is extremely 
important for avoiding iatrogenic injury in upper-abdominal surgery. The objective 
of this study is to describe a rare case of abnormal vascular and biliary structures 
in the hepatocystic triangle (HCT) (the modern Calot’s triangle). During ana-
tomical dissection of the coeliac trunk (CT) in an old man, the authors observed 
the presence of a hepatosplenic trunk arising from the CT and bifurcating into 
common hepatic and splenic arteries. The common hepatic artery divided into 
hepatic artery proper and gastroduodenal artery. The presence of accessory right 
hepatic artery (ARHA) arising from the superior mesenteric artery was also notable. 
The aberrant artery ascended retropancreatically ventral to the splenic vein, then 
posterolaterally to the portal vein before termination into the right hepatic lobe 
in the HCT. Within this triangle, there was an aberrant bile duct originating in the 
right hepatic lobe and ending in the common hepatic duct. This accessory duct 
crossed the ARHA and an associated branch (the cystic artery). There is no known 
previous report on the co-existence of an ARHA and an aberrant bile duct within 
the HCT, in addition to the hepatosplenic trunk. The clinical implications of the 
current case are addressed in discussion. (Folia Morphol 2022; 81, 3: 798–803)

Key words: hepatocystic triangle, triangle of Calot, accessory right 
hepatic artery, aberrant bile duct, hepatosplenic trunk, variations, 
coeliac trunk

INTRODUCTION
Variations in blood supply to the hepatic arteries 

are not rare. According to anatomy text books, the 
common hepatic branch of the coeliac trunk (CT) 
supplies the liver in 55–88% of cases. Variations of 
liver blood supply are frequent. Thus, the liver may 
be supplied by aberrant branches of the left gastric 
artery, the superior mesenteric artery (SMA), the aorta 

or other gut arteries. These aberrant arteries may be 
accessory or replaced [4, 5, 6, 9, 22].

Recognition of variations in hepatic arterial anat-
omy is of major importance in the planning and 
conducting of surgical and radiological procedures 
on the upper-abdomen area, such as transplanta-
tion, cholecystectomy and pancreaticoduodenectomy  
[6, 8, 9, 22]. Based on records of 1000 patients who 
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underwent liver harvesting for orthotopic transplanta-
tion, Hiatt et al. [9] investigated the surgical anatomy 
of hepatic arteries. They found six types of hepatic 
artery variations. Type 1 — normal (the common he-
patic artery [CHA] branched from CT) (75.7%); type 2  
— replaced (accessory) left hepatic artery branched 
from left gastric (9.7%); type 3 — replaced (accesso-
ry) right hepatic artery branched from SMA (10.6%); 
type 4 — replaced or accessory right hepatic artery + 
replaced or accessory left hepatic artery (2.3%); type 5  
— the CHA branched from SMA (1.5%), and type 6 
— the CHA originated from abdominal aorta (0.2%). 
The presence of an aberrant right hepatic artery is 
the most frequently encountered variation, and this 
may be either a replacement or an accessory (Hiatt 
type III, 10.6% incidence) [5, 9]. This aberrant artery 
may be accidentally injured during upper-abdomen 
operations resulting in fatal complications such as 
severe haemorrhage and hepatic necrosis [5, 6, 9, 22]. 
Importantly, biliary tract variations — specifically, the 
presence of aberrant or accessory bile ducts — may 
complicate laparoscopic cholecystectomy. During this 
procedure, only two structures (the cystic duct and 
the cystic artery) should usually be seen entering the 
gallbladder within the hepatocystic triangle (HCT) 
(the modern Calot’s triangle), which is bounded by 
the cystic duct, the common hepatic duct (CHD) and 

the liver. This is different from the earlier description 
of Calot: the Calot’s triangle is demarcated by the 
cystic duct on right side, the CHD on left side, and the 
cystic artery above [1, 16, 17]. In a previous study, the 
authors reported a rare case of a right hepatic artery 
forming a caterpillar hump perforating Calot’s trian-
gle into the cystic plate in association with a variant 
branching pattern of the CT [7]. In the current study, 
the authors referenced cadaveric dissection results to 
examine another rare case involving the coexistence 
of three variations with clinically important implica-
tions in hepatobiliary and pancreatic surgery. These 
variations include two structures (an accessory right 
hepatic artery [ARHA] and an aberrant bile duct) 
within the HCT, in addition to the hepatosplenic trunk.

CASE REPORT
During anatomical dissection of the CT in a male 

cadaver (among 8 dissections) at the Department 
of Anatomy in the College of Medicine and Health 
Sciences at the United Arab Emirates University, mul-
tiple variations in hepatic vasculature and the biliary 
system were observed. The CT was exposed after 
severing the greater omentum and upward reflection 
of stomach. The CT bifurcated into the left gastric 
artery and hepatosplenic trunk (Fig. 1). The hepat-
osplenic trunk divided into CHA and splenic artery. 

Figure 1. Accessory right hepatic artery (ARHA) arising from the superior mesenteric artery (SMA) in the pancreatic bed. The stomach (ST) 
and pancreas (P) are retracted to show the variation; AA — abdominal aorta; CHA — common hepatic artery; CT — coeliac trunk; HST — 
hepatosplenic trunk; LGA — left gastric artery; LIPA — left inferior phrenic artery; LRV — left renal vein; SA — splenic artery; SMA — supe-
rior mesenteric artery; SMV — superior mesenteric vein; SV — splenic vein.
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The CHA then branched into gastroduodenal artery 
and hepatic artery proper (HAP), which trifurcated 
into right, left and middle hepatic branches (Fig. 2). 
This trifurcation of HAP was observed after dissection 
of the hepatoduodenal ligament. Further dissection 
of the pancreatic bed demonstrated the presence of 
an ARHA arising from the SMA. The ARHA ascended 
retropancreatically ventral to the splenic vein at its 
junction with the superior mesenteric vein parallel to 
the CHA (Fig. 1). Notably, it passed posterolaterally 
to the portal vein and the CHD, entering the HCT 
and terminating into the right hepatic lobe close to 
the cystic plate. In this triangle, the ARHA gave rise 
to the cystic artery, and both arteries were crossed 
ventrally by an aberrant bile duct arising from the 
right hepatic lobe and joining the right side of the 
CHD (Fig. 2). The gallbladder was dissected from the 
cystic plate via upward retraction and severing of its 
peritoneal attachment, thereby clearly revealing the 
contents of HCT — the ARHA, the aberrant bile duct 
and the cystic artery based on the criteria of Critical 
View of Safety (CVS) for laparoscopic cholecystecto-
my by Strasberg (Fig. 3) [16, 17]. The CVS has three 
requirements. First, the HCT must be cleared of fat 
and fibrous tissue. The second requirement is that 
the inferior part of the gallbladder be separated from 

the cystic plate (hepatic bed of gallbladder), the flat 
fibrous surface to which the non-peritonealised side 
of the gallbladder is attached. The third requirement 
is that only two structures (cystic duct and cystic 
artery), must be seen getting into the gallbladder. 
Once these three criteria have been fulfilled, CVS has 
been attained. The normal and variant anatomy of 
HCT is shown in Figure 4 with digital art based on 
schema of Figure 2.

DISCUSSION
In the case reported here, the ARHA and the 

anomalous bile duct were observed simultaneously 
as variant structures in the HCT, along with a variant 
branching pattern of the CT with formation of the 
hepatosplenic trunk. Up to our knowledge, there 
are no known previous reports on the coexistence 
of these variations.

The detection of an ARHA arising from the SMA in 
the current case is consistent with Hiatt type III (10.6% 
incidence) [5, 9]. This artery ascended superficial to 
the splenic vein and deep to the pancreatic neck. 
Accordingly, there may have been compression of the 
splenic vein by the enlarged ARHA and the pancreas, 
resulting in splenic vein thrombosis and left-sided 
portal hypertension [19]. In addition, the entry of the 

Figure 2. Accessory right hepatic artery (ARHA) passing into the hepatocystic triangle in association with the accessory bile duct and cystic 
artery. The upper, middle and lower haemostats within the triangle hold the ARHA, cystic artery and anomalous bile duct, respectively. The 
yellow arrows mark the right, left and middle hepatic branches of the hepatic artery proper (HAP); CBD — common bile duct; CD — cystic 
duct; CHA — common hepatic artery; CHD — common hepatic duct; GB — gallbladder; GDA — gastroduodenal artery; IV — hepatic seg-
ment 4; PV — portal vein.
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ARHA into the HCT has great surgical relevance, as 
injury may occur during laparoscopic cholecystectomy 
with catastrophic complications such as bleeding 
and liver ischaemia [6, 16, 17, 22]. The ARHA may 
also be damaged in various procedures associated 
with tumour-related pancreaticoduodenectomy [8]. 
Developmentally, the presence of ARHA may result 
from persistence and/or abnormal regression of the 
embryonic hepatic arteries [5].  

The presence of an ARHA within the HCT has been 
reported in a couple of studies [6, 12, 15], but was 
here associated with the aberrant bile duct, which 
may complicate CVS during laparoscopic cholecys-
tectomy [16, 17]. On the other side, some studies 
have shown that the replaced right hepatic artery 
is a beneficial variant in the right hepatic lobe liv-
ing-donor transplant. This could be explained by 
the fact that the shorter hepatic artery graft could 
lead to a postoperative complication (hepatic artery 
thrombosis). However, the replaced right liver artery 
in such cases provides a longer and bigger graft, 
thereby reducing the chances of hepatic thrombosis. 
This could be applicable to our case as ARHA seems 
to be longer than the HAP [22]. Recent studies in-
vestigated the presence of ARHA using computed 
tomography, multidetector computed tomography  

Figure 4. A schema and digital art (A, B) showing the normal (A) 
and variant anatomy of the hepatocystic triangle (HCT; highlighted 
with black lines) of Calot (B). The digital art of B is based on Figure 2;  
ABD — aberrant bile duct; ARHA — accessory right hepatic artery;  
CA — cystic artery; CD — cystic duct; HAP — hepatic artery 
proper; PV — portal vein.

Figure 3. Dissection and upward retraction of gall bladder (GB) for exposure of cystic plate and detection of anomalous structures in the 
hepatocystic triangle based on criteria of Critical View of Safety. Note that the accessory right hepatic artery (ARHA) is grasped by the  
haemostat, whereas the cystic artery and aberrant bile duct are marked by the red and green arrows, respectively; CBD — common bile 
duct; CD — cystic duct; CHA — common hepatic artery; CP — cystic plate.

A

B
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angiography and magnetic resonance imaging (MRI). 
An enhanced computed tomography scan revealed 
variations in hepatic arteries in a 67-year-old wom-
an diagnosed with intrahepatic cholangiocarcinoma 
[11]. These variations included ARHA branching from 
SMA and an accessory left hepatic artery arising from 
the left gastric artery. Using computed tomography 
angiography or/and MRI angiography findings in 
532 patients, Yamaguchi et al. [21] observed a case 
of aberrant right hepatic artery arising from the gas-
troduodenal artery. They recommended the use of 
preoperative computed tomography and/or MRI and 
intraoperative liver Doppler ultrasound for the pre-
vention of injury during pancreaticoduodenectomy 
in patients with this type of hepatic artery variation. 
Some researchers believe that ultrasound is always 
the method of choice for the diagnosis of various 
hepatobiliary diseases. They recommend a perfect 
study and a good understanding of the sonographic 
appearance of the normal hepatic vascular tree and 
its anatomical variations [3].

Importantly, the laparoscopic cholecystectomy 
CVS requirements [16, 17] applied during HCT dis-
section in the current study can also be used for 
practical anatomy teaching in medical schools. This 
may encourage undergraduate and postgraduate 
students to perform research on anatomical variations 
with clinical relevance. 

Accidental injury or ligation of an aberrant bile 
duct as observed in the present case during chole-
cystectomy may result in severe complications such 
as biliary leakage and biliary cirrhosis [10, 13, 16–18]. 
However, some researchers consider any bile duct 
activity from the right lobe of the liver and interac-
tion with the CHD as aberrant. Therefore, the lack of 
interductal communication in the liver may indicate 
that this duct may be the sole drainage of this par-
ticular part of the liver. When such an aberrant duct 
enters the main duct near the cystic duct, it may be 
easily injured, resulting in partial or total segmental 
duct occlusion. These ducts have a relatively high 
prevalence (8.4%) and should be investigated using 
intraoperative cholangiography [10]. As shown in 
Figure 4, the cystic artery in our case is bridged by the 
aberrant bile duct, therefore, there is great possibility 
of injury of the duct during cholecystectomy. A recent 
study for the first time reported that fluorescence 
cholangiography concomitant with angiography was 
useful for identifying an aberrant bile duct and the 
cystic artery during laparoscopic cholecystectomy in 

old patient. The authors concluded that abnormal bile 
ducts are clinically important due to higher sensitivity 
to lesions during cholecystectomy. About 27% of 
clinically significant bile duct leakage was reported 
to be due to an aberrant bile duct lesion [18]. 

A recent report highlighted the coexistence of an 
ARHA and a left hepatic artery originating directly 
from the CT in a patient who had undergone an 
elective pancreaticoduodenectomy via the Whipple 
procedure [2]. In the current case, in addition to 
the ARHA, the authors observed the presence of  
a hepatosplenic trunk arising from the CT. The pres-
ence of this trunk was reported as a type-II CT based 
on Adachi classification (4.3%) [5]. Recent studies also 
found that a hepatosplenic trunk is observed in 10% 
of cases based on cadaveric dissection [14] and in 
3.88% of subjects based on multidetector computed 
tomography [20]. The authors concluded that this CT 
variation was relevant to the planning of radiological 
and surgical procedures on the abdominal part of the 
oesophagus, the stomach, the duodenum, the liver, 
the pancreas, the gallbladder and the spleen, and in 
operations such as liver transplantation. 

CONCLUSIONS
This unique study on the simultaneous presence 

of an ARHA, aberrant bile duct and a hepatosplenic 
trunk has important surgical implications; specifically, 
in hepatobiliary surgery. Further research on large 
number of cases using cadaveric dissection and im-
aging tools such as ultrasound, MRI and computed 
tomography are required to explore the abnormal 
contents of HCT.
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In the routine anatomic measurement study on Asian dry skulls, a skull of at-
lanto-occipital fusion with other multiple anatomic variations was observed. 
The entire right half of the atlas vertebra, including the anterior arch, anterior 
tubercle, posterior arch, and lateral masses, was fused entirely with the occipital 
bone, while the left fused partly. Besides the atlanto-occipital fusion, the target 
skull specimen also includes posterior arch defects of the atlas, metopic suture, 
and wormian bones. So many anatomical variations rarely exist in one specimen. 
This paper aims to present detailed anatomic case reports and discuss related 
diseases in an anatomic and clinical study. (Folia Morphol 2022; 81, 3: 804–808)

Key words: atlanto-occipital fusion, metopic suture, anatomic variations, 
skull

INTRODUCTION
The atlanto-occipital fusion (AOF) is also known as 

atlas occipital ossification, atlas assimilation, or atlas 
occipital fusion. It is a congenital osseous or fibrous 
anomaly caused by the partial or complete fusion of 
the atlas to the occipital bone [22]. The range of AOF 
involves any part of the atlanto-occipital joint, and 
most of the fusion is asymmetrical. According to the 
degree of atlas and occipital fusion, it can be divided 
into two types: complete atlanto-occipital segment 
insufficiency, that is, complete atlas fusion with the 
edge of the occipital foramen magnum; and partial 
atlanto-occipital segment insufficiency, which is often 
separated by atlas anterior arch fusion and posterior 
arch separation, one occipital condyle fuses with the 
superior articular surface of the atlas, but the other 
side is not fused [25].

The AOF was first described by Rokitansky in 1844 
and demonstrated roentgenographically by Schuller 
in 1911 [see 3]. According to the report, the inci-

dence of AOF ranges from 0.14% to 0.75% of the 
population [19]. As more profound research goes, it 
was found that the prevalence ranges from 0.08% 
to 2.79% of the general population; males and fe-
males were equally affected but may differ in races 
[31]. Individuals with AOF may have a low hairline, 
torticollis, restricted neck movements with or without 
abnormal short neck [20].

Vault consists of several curved plates separated 
by sutures rather than a single bone. The metopic 
suture (MS) is one of the primary sutures of the skull, 
which is located on the left and right sides of the 
frontal bone [28]. As people age, the cranial sutures 
fuse gradually, transforming the skull into a single, 
rigid element. The MS unites and disappears early in 
life, but there is no conclusion about the fusion time. 
Rice [24] thinks that the MS fusion starts at the age of 
one and completes before seven; according to other 
opinions it occurs at three years old; however, most 
authors believe it ends before 9 months [29, 30]. The 
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premature closure of MS will cause trigonocephaly 
and affect brain development in turn. It is still unclear 
why the closure of MS continues into adulthood. The 
existence of the MS in an adult cranium is described 
as a median frontal suture or a persistent metopic 
suture [11]. It is generally recognized as a normal 
variation. Studies have reported that the incidence 
of MS is 2.20–8.1%. Meanwhile, racial and gender 
factors vary in MS [7, 11].

This report presents a rare case of AOF, posterior 
arch defects of the atlas (PADA), MS, wormian bones 
(WBs). The specimen was an adult male and belonged 
to the Southern Medical University, China.

CASE REPORT
In this specimen, the left anterior arch of the atlas 

and the anterior tuberosity were partially fused with 
the occipital bone, and the right anterior arch and 
the anterior tuberosity were completely fused with 
the occipital bone (Fig. 1).

The posterior arch of the atlas was deficient, and 
the posterior tubercle was absent. The right posterior 
arch was shorter (29.9 mm) and completely fused with 
the occipital bone (Fig. 1B). In comparison, the left 
posterior arch was longer (36.2 mm) and incompletely 
fused with the occipital bone (Fig. 1A). Findings in-
dicate that the shape of the posterior cranial fossa is 
significantly associated with occipitalisation with and 
without cleft of the posterior arch of the atlas [8]. The 
fusion typically involves the anterior arch and foramen 
magnum; the posterior fusion involving lateral masses 
or the posterior arch is comparatively uncommon.

The distribution of the left and right mass of the 
atlas was asymmetrically fused with the occipital 
bone, the articular surface of the left mass was oval 
and small (transverse diameter: 17.9 mm, vertical 
diameter: 15.8 mm), and the articular surface of the 
right mass was irregular and large (transverse diame-
ter: 20.1 mm, vertical diameter: 17.4 mm), which led 
to the irregularity of occipital foramen shape (sagittal 
diameter: 36.4 mm, transverse diameter: 32.1 mm) 
(Fig. 2B). The studies suggest a fusion between AOF 
and the dimensions of the foramen magnum that the 
sagittal dimensions and area of the foramen magnum 
were significantly smaller in skulls with occipitalisa-
tion [8]. Foramen magnum is an important landmark, 
which is closely associated with the brainstem and 
spinal cord [27]. AOF, reduced foramen magnum and 
basilar invagination may compress the medulla-spinal 
cord transition and the spinal cord or brain stem [15].

In addition, we found the disclosure of the MS in 
the skull of this case (Fig. 2A). The MS was complete, 
and the length from the bregma to the nasion was 
about 132 mm (Fig. 2C). In this case, there are mul-
tiple WBs in the lambdoid suture (Fig. 2D).

DISCUSSION
So many anatomical variations rarely exist in one 

specimen. An early defect in embryogenesis is postu-
lated for such a combination, which may exemplify 
specific associations in which multiple embryological 
abnormalities were present.

The bony cranial base develops in the process 
of endochondral ossification, and a combination of 

Figure 1. A. The left posterior arch was incompletely fused with the occipital bone (arrow); B. The posterior arch defects of the atlas, and the 
posterior tubercle was absent (arrow). The right posterior arch was fused entirely with the occipital bone (arrow); C. Partial fusion of the left 
anterior arch and anterior tubercle of the atlas with the occipital bone, and complete fusion of the right anterior arch and anterior tubercle with 
the occipital bone (arrow).
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bony accretion and sutural growth is necessary for its 
development. The absence of both cartilaginous and 
bony components of the posterior elements implies  
a very early defect in embryogenesis [17, 23]. AOF 
usually refers to the anatomic form of atlas and oc-
cipital bone not separated as scheduled during em-
bryonic development. The congenital fusion of AOF 
includes a bony or fibrous fusion of part and all of the 
atlas anterior arch, posterior arch, and lateral mass 
with the occipital bone. And it is often accompanied 
by cervical 1–2 (C1–2) instability, cervical 2–3 (C2–3) 
fusion, basilar invagination, occipital dysplasia, Kleip-
per-Feil syndrome, and other diseases. It is a common 
congenital craniocervical junction malformation [13, 
16, 18, 21].

As early as the 5th–6th week of the embryonic stage, 
the earliest vertebral body embryo is formed in the up-
per half of the next vertebral segment and the lower 

half of the upper vertebral segment. The atlas forma-
tion occurs primarily by the first spinal sclerotome, 
with a minor contribution from the proatlas [3].  
In the vertebral chain of the human, the spine un-
dergoes chondrification and ossification, and the 
1st–4th occipital segments fuse with each other to form 
the base of the occipital bone. The head end of the  
4th occipital segment fuses with the 1st cervical seg-
ment to form the atlas, and the acquired AOF is 
caused by incomplete segments [26]. AOF is usually 
congenital, but it may result from a disease such as 
osteomyelitis, arthritis, syphilis, or tuberculosis in 
rare cases.

The skeletal dysplasias are often associated with 
structural weakness and collapse of the skeleton 
[17]. Children affected by spondyloepiphyseal dys-
plasia, achondroplasia, and other forms of dwarf-
ism have an increased incidence of craniovertebral 

Figure 1. A. Metopic suture (MS); B. Atlanto-occipital fusion (AOF); posterior arch defects of the atlas (PADA); C. Metopic suture (MS);  
D. Wormian bones (WBs).
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abnormalities. There are various congenital, hered-
itary, developmental, and acquired abnormalities 
at the craniovertebral junction, either single or in 
combination. A significant number of children had 
both neural and osseous abnormalities [26]. Still, 
the studies indicate that occipitalisation is asso-
ciated with the surrounding bony structures and 
not with the craniofacial morphology in general  
[8, 10]. So we can’t make a diagnosis just by the 
surface; detailed radiologic studies, possibly with 
volumetric reconstructions, are necessary in cases 
of AOF before surgical interventions in the region of 
craniovertebral junction [10].

The MS may reside as a partial pattern or a com-
plete pattern. The partial patterns expand upward 
from the nasion or downward from the bregma, dif-
ferent from the completes spanning from the bregma 
to the nasion [1, 4, 32]. The suture forms from the 
bregma and develops toward the nasion. Inversely, the 
suture closes from the nasion toward the bregma [9].  
Studies have shown that 91.66% of skulls with MS 
are associated with WBs [11].

The MS plays an important role in the shaping of 
the skull during the delivery of the baby. Because the 
baby has to be squeezed through the pelvis during 
delivery and due to many changes in bipedalism, the 
shape of the maternal pelvis is short and wide. In 
terms of modern women, the average sagittal plane 
of the entrance to the pelvis is 113 mm, which is lower 
than 124 mm of the newborn’s head. Therefore, cra-
nial sutures such as MS can deal with strain by dissi-
pating tension and shear force to help babies squeeze 
through the birth canal. The high incidence of up to 
30% of parturition complications associated with MS 
has been confirmed [12]. Another study model the 
effect of brain growth on cranial bones by means of 
finite-element analysis and geometric morphomet-
ric techniques, further elucidated the relationship 
between cranial sutures and brain development [5].

Metopic suture may be confused with midline 
fractures of the frontal bone in radiology which is of 
clinical significance. In addition, studies have shown 
that MS is associated with other clinically significant 
findings, such as frontal sinus abnormality, cleft lip, 
visceral inversion, cleft palate, cretinism, and intelli-
gence deficits [2, 6, 14, 32].

In addition, this paper also discusses the causes 
of this congenital malformation from the perspective 
of embryology. The knowledge of this uncommon 

anatomic variation is imperative for radiologists, neu-
rologists, and neurosurgeons [3].

CONCLUSIONS
We reported a case of AOF with other multiple 

anatomic variations. So many anatomy variations rarely 
exist in one specimen. This paper presents detailed 
anatomic case reports and discusses related diseases 
in an anatomic and clinical study.
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The coracobrachialis muscle is the smallest muscle of the anterior compartment of 
the arm. It is responsible for flexion and abduction in the glenohumeral joint. The 
coracobrachialis muscle is morphologically variable both in its insertion and origin. 
Moreover, some additional heads or structures may also occur. The present report 
describes a six-headed coracobrachialis muscle originated as a common junction 
with the short head of the biceps brachii muscle from the coracoid process. All of 
these heads insert into the medial surface of the humeral shaft. It is important to 
note that the musculocutaneous nerve was piercing the fourth belly. Other heads 
were innervated by branches from the musculocutaneous nerve. Knowledge of 
the morphological variability of this muscle is essential not only for anatomists 
but for clinicians as well. (Folia Morphol 2022; 81, 3: 809–813)

Key words: coracobrachialis muscle, morphological variations, 
compression, additional head, quadriceps femoris, biceps brachii, 
embryology, clinical implications

INTRODUCTION
Coracobrachialis muscle (CBM) belongs to the 

anterior group of the arm region. Its origin is lo-
cated on the coracoid process but is represented 
by a common junction with the short head of the 
biceps brachii muscle (SHBB). Its distal attachment 
is located on the medial surface and border of the 
body of the humerus. Three parts of the CBM can be 
distinguished: the proximal, middle and distal part. 
The last one is the largest and the most superficial  
[6, 25]. The CBM is innervated by the musculocutaneous 
nerve (MCN), piercing this muscle in most cases [23]. 
Oxygenated blood is delivered to the CBM by muscular 
branches of the brachial artery [25].

The CBM is responsible for flexion and abduction 
in the glenohumeral joint. Additionally, it is involved 
in providing stabilisation of the humeral head [15]. 
However, apart from its anatomical function, progress 
in science allows surgeons to use the CBM during 

reconstruction of the breast (after mastectomy) or 
axillary malformations. The CBM may be also used in 
the treatment of long-standing facial palsy [10, 12].

There are numerous morphological variations of 
the CBM. For example, in some cases, an additional 
head occurs. Olewnik et al. [20] found a four-headed 
CBM. Another case was described by Catli et al. [7], 
in which the CBM was represented by three heads. 
Szewczyk et al. [23] created a classification system 
basing on the number of heads and its site of proximal 
attachment. In the available literature, we can also 
find descriptions of accessory structures connected 
with the CBM, like the coracobrachialis longus muscle 
(CBL) [18], coracocapsularis muscle [25], coracobra-
chialis brevis muscle [18], or the minor coracobrachial 
muscle of Cruveilhier [9]. 

The occurrence of an additional structure usually 
is connected with some kind of compression of neural 
or vascular elements [11]. One of the examples is the 
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compression of the MCN, when it courses between 
two CBM heads [18, 23]. It is responsible for motor in-
nervation of muscles from the anterior compartment 
of the arm. It may lead to weakness of these muscles 
and some problems in flexion and abduction in the 
glenohumeral joint. On the other hand, the MCN pro-
vides sensory innervation to the elbow joint, lateral 
part of the forearm, and lateral part of the hand. In 
the case of MCN compression, tingling or numbness 
may occur in these regions [18].

The present report describes a six headed CBM 
originated as a common junction with the SHBB from 
the coracoid process. All heads insert into the medial 
surface of the humeral shaft. It is important to note 
that the MCN was piercing the fourth head. Knowl-
edge of the morphological variability of this muscle 
is essential for all clinicians. To our knowledge, this 
is the first description of such a case.

Ethical approval and consent to participate

The cadaver belonged to the Department of Ana-
tomical Dissection and Donation, Medical University 
of Lodz, Poland.

CASE REPORT
An 81-year-old body donor (height 183 cm) was 

subjected to routine anatomical dissection for re-
search and teaching purposes at the Department 
of Anatomical Dissection and Donation. The donor 
did not have any surgeries in the upper limb area. 
The right upper limb was subjected to traditional 
anatomical dissection [17, 26–28], and a morpho-
logical variation of a number of CBM heads was 
found (Fig. 1).

In the present case, the CBM was represented by 
six distinct heads which created a proximal attach-
ment with the SHBB as a common junction. Such an 
origin was located on the coracoid process. In this 
place, the common junction was 12.25 mm wide and 
2.61 mm thick. 

All distinct heads had a distal attachment on the 
medial surface of the humeral shaft. The first head 
was arising from the common junction, and its length 
was 32.27 mm. In its proximal part, it was 8.08 mm 
wide and 2.08 thick. The width of its insertion was 
6.85 mm and thickness was 2.55 mm. 

The second head was 5.03 mm wide and 2.00 mm 
thick in the place of division. Its distal attachment was 
5.38 mm wide and 2.60 mm thick. The length of this 
head was 32.29 mm. 

The width of the third head in its proximal part 
was 5.30 mm. The thickness of this head in the same 
place was 2.60 mm. The length from this place to 
the insertion was really similar to the previous one 
— 33.19 mm. The distal attachment was the widest 
of all and equalled 15.34 mm. The thickness in this 
place was 3.67 mm.

The fourth head was 32.84 mm long. In the point 
of the division, the width was 10.14 mm and the 
thickness was 4.88 mm. Next, its distal attachment 
was 10.04 mm wide and 5.67 mm thick (it was the 
thickest insertion).

The length of the fifth head was 36.18 mm. It was 
6.57 mm wide and 1.67 mm thick in its proximal part 
arising from the common junction with the SHBB. 
In its attachment to the bone, it was 7.88 mm wide 
and 3.62 mm thick. 

Figure 1. Six-headed coracobrachialis muscle. Right upper limb; 
H — humerus; shBB — short head of the biceps brachii; MCN — 
musculocutaneous nerve; 1 — the first head of the coracobrachialis 
muscle; 2 — the second head of the coracobrachialis muscle;  
3 — the third head of the coracobrachialis muscle; 4 — the fourth 
head of the coracobrachialis muscle; 5 — the fifth head of the 
coracobrachialis muscle; 6 — the sixth head of the coracobrachialis 
muscle.
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The last head appeared to be the longest and 
equalled 47.92 mm. Its width in the proximal part was 
7.13 mm, while the thickness in the same place was 
2.22 mm. The insertion of this head was 11.36 mm  
wide and 3.93 mm thick. 

It is important to point out that the MCN was 
piercing the fourth head. In this place, a diameter of 
the MCN nerve was 6.66 mm. Some small branches 
from the MCN innervated distinct heads of the CBM.

An electronic calliper (Mitutoyo Corporation, Ka-
wasaki-shi, Kanagawa, Japan) was used to complete 
all necessary measurements. Each measurement was 
repeated twice with an accuracy of up to 0.1 mm. 

No other morphological variabilities were found. 
Table 1 shows the morphometric measurements of 
the presented case. 

DISCUSSION
The presence of one additional head has been 

described in literature many times. Moreover, there 
are some muscles which may be represented by few 
accessory bellies, and such case reports usually de-
scribe very rare structures. For example, the fifth head 
of the quadriceps femoris (QF) is nothing special. 
Willan et al. [24], in 1990, carried out a study in which 
one additional head of the QF was present in about 
one third of the limbs. On the other hand, Ruzik et 
al. [22] found the QF with seven heads. Two addi-
tional muscle bellies were composed of tendons, and 
another one was a tensor of the vastus intermedius 
[22]. Olewnik et al. [19] created the first classification 
system of additional heads of the QF, in which the 
most common (75%) was five-headed QF. Moreover, 
they found six-headed (21%), seven-headed (2.9%), 
and eight-headed (1.9%) QF [19].

Another muscle with high morphological varia-
bility is the biceps brachii (BB). In the literature, we 
can find some descriptions of one additional head. 
For example, Mujahid Ansari et al. [16] found a case 
of three-headed BB. However, Ballesteros et al. [1] 
carried out a study in which the results showed that 
one additional head of the BB is not a rare variant 
because it occurred in 21% of specimens. Moreover, 
there are some cases of four-headed BB. Catli et al. [7]  
detected the BB with two supernumerary heads, orig-
inated in various places. A very interesting case was 
a five-headed BB, described by Je et al. [13]. One 
supernumerary head originated from the anterior 
surface of the distal tendinous part of the pectoralis 
major muscle. The other two originated from the 
body of the humerus [13].

Coming back to the CBM, the situation is similar. 
There are some descriptions of one extra head of the 
CBM, like this found by Gabrelotti et al. [11]. To con-
firm the statement that one additional head is usually 
nothing special, we should look at the results of the 
study carried out by Szewczyk et al. [23]. It turned 
out that the CBM was represented by a double muscle 
belly in 42.6% of specimen. Catli et al. [7] described 
a rare variant of the CBM, which was characterized 
by two additional heads. In the study carried out by 
Szewczyk et al. [23], we can also find a description 
of such a structure, and its prevalence was around 
8% (8/101 upper limbs). Two of these supernumer-
ary heads originated from the coracoid process and 
the last one originated from the SHBB [23]. There 
is also a description of four-headed CBM, and such  
a structure has not been found by Szewczyk et al. [23]. 
The CBM with additional three heads was described 

Table 1. Morphometric measurements of individual heads of the coracobrachialis muscle

1st head 2nd head 3rd head 4th head 5th head 6th head

Length 32.27 mm 32.29 mm 33.19 mm 32.84 mm 36.18 mm 47.92 mm

Origin Common junction with the SHBB

Width 12.25 mm

Thickness 2.61 mm

Division*

Width 8.08 mm 5.03 mm 5.30 mm 10.14 mm 6.57 mm 7.13 mm

Thickness 2.08 mm 2.00 mm 2.60 mm 4.88 mm 1.67 mm 2.22 mm

Insertion Medial surface of the shaft of the humerus 

Width 6.85 mm 5.38 mm 15.34 mm 10.04 mm 7.88 mm 11.36 mm

Thickness 2.55 mm 2.60 mm 3.67 mm 5.67 mm 3.62 mm 3.93 mm

*Division of the common junction for distinct heads of the coracobrachialis muscle; SHBB — short head of the biceps brachii muscle
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by Olewnik et al. [21]. All heads were innervated by 
the MCN [21].

Our present case is something like the eight-head-
ed QF or five-headed BB. It originated as a common 
junction with the SHBB from the coracoid process. All 
six heads had their distal attachment on the medial 
surface of the humeral shaft. The reason for the oc-
currence of such a complex structure is astonishing 
and most likely is associated with changes occurring 
during the embryological growth. In the first stage, 
brachalis muscle, BB, and CBM muscles are tightly 
connected in a common pre-muscle mass. When  
embryos achieve the length of 14 to 16 mm, these 
three muscles can be recognized as distinct struc-
tures [2–4]. Probably, additional heads of the CBM 
are formed at this stage of embryonic development 
(14–16 mm) or maybe this embryological process lasts 
longer and the single mass of the CBM divides into 
smaller parts recognized as distinct supernumerary 
heads.

Looking for embryological development of QF and 
its additional heads, our hypothesis seems to make 
sense. QF is represented by a single mass overlying 
the anterolateral region when embryo is 11 mm long. 
Then the differentiation occurs and in the 20-mm 
embryo four distinct structures of the QF may be 
distinguished [2–4]. Similarly, additional heads may 
be created from 11 to 19 mm of embryonal length. 
However, there is also a possibility that this process 
occurs later, because the muscle mass is smaller than 
that observed in standard parts of the QF. However, 
our statement is only a hypothesis, so a further embry-
ological research should be performed to confirm it. 

The presence of an additional head is usually con-
nected with some clinical implications. A supernumer-
ary head of the CBM may compress the MCN, especially 
when this nerve courses between two bellies [18, 23]. 
The MCN is responsible for motor innervation of mus-
cles from the anterior compartment of the arm, so its 
entrapment may cause some problems with flexion 
and abduction in the glenohumeral joint. Structures 
like the elbow joint, lateral parts of the forearm and 
hand receive sensory innervation from the MCN, so the 
compression of the MCN may manifest in tingling or 
numbness [18]. However, in our case, the MCN was 
piercing the fourth head of the CBM, and in our opin-
ion, the possibility of entrapment is lower.

The occurrence of an extra head of the CBM may 
be important not only for anatomists but also for 
clinicians. Upper limb injuries are very common, which 

is connected with various (sometimes really invasive) 
surgical operations. For that reason, some results of 
computed tomography or magnetic resonance show-
ing such variations may confuse a surgeon. It is even 
worse if the change is detected during an operation. 
This may cause some complications or prolong the 
surgery [14]. Moreover, if additional heads occur 
only unilaterally, it can result in asymmetry between 
right and left side, and sometimes it may be wrongly 
recognized as some kind of tumour [8].

As mentioned above, not only variations con-
nected with the number of heads take place. For 
example, Szewczyk et al. [23] classified the CBM, 
basing on its different place and representation of 
insertion, and distinguished two types. The first one 
was represented by a single insertion onto the distal 
1/3 of the humerus. In turn, the second one was 
characterized by a double insertion: one to the distal 
1/3 of the humerus (as the previous one), and one 
which created fusion with the medial head of the 
triceps brachii [23]. Moreover, they also divided the 
CBM basing on the course of the MCN. Type I was 
represented by the nerve piercing the muscle belly. 
Type II was represented by the MCN passing between 
heads of the CBM [23]. In the present case, only the 
fourth head was pierced by this nerve and some small 
branches innervated other heads. 

There are also some interesting muscles connected 
with the CBM. For example, the CBM brevis, whose 
origin is located on the anterior surface of the cora-
coid process. It may insert onto the lesser tuberosity 
or surgical neck of the humerus [5]. A special kind 
of the CBM brevis is the coracocapsularis muscle, 
whose proximal attachment is fused with the capsule 
of the shoulder joint [25]. Another example of high 
variability of the CBM is coracobrachialis minor se-
cundus which is characterized by a connection with 
the pectoralis major tendon [6], or coracobrachial 
muscle of Cruveilhier, also represented by fusion, 
but with the latissimus dorsi muscle [9]. A really rare 
structure is a CBM longus whose point of insertion 
may be variable [18]. 

Summing up this section, due to high morpho-
logical variability of the CBM, there is a possibility to 
find some interesting structures which have not been 
described in the literature yet.

CONCLUSIONS
The CBM is associated with high morphological 

variability. All of these variations seem to be impor-
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tant not only for anatomists but also for clinicians. 
The most possible reason for the occurrence of the 
six-headed coracobrachialis muscle presented in this 
case report is an improper embryological develop-
ment; however, further embryological investigations 
should be performed to confirm this phenomenon.
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