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Background: The vertebral artery originates from the subclavian artery and is 
divided into four segments. The aim of this study is to investigate the anatomical 
variations in the course and branches of the vertebral artery.
Materials and methods: A research was performed via PubMed database, 
using the terms: “variations of vertebral artery AND cadaveric study”, “variations 
of vertebral artery AND cadavers” and “anomalies of vertebral artery AND 
cadavers”. 
Results: A total of 24 articles met the inclusion criteria, 13 of them referring to 
variations of the origin of the vertebral artery, 9 to variations of the course and 
3 to variations of its branches. On a total sample of 1192 cadavers of different 
populations, origin of the left vertebral artery directly from the aortic arch was 
observed at 6.7%. In addition, among 311 cadavers, 17.4% were found with par-
tially or fully ossified foramen of the atlas for the passage of the vertebral 
artery, while the bibliographic review also showed variants at the exit site of 
the artery from the transverse foramen of the axis. 
Conclusions: Despite the fact that variations of both the course and the 
branches of vertebral artery are in most cases asymptomatic, good knowledge 
of anatomy and its variants is of particular importance for the prevention of 
vascular complications during surgical and radiological procedures in the 
cervix area. (Folia Morphol 2021; 80, 1: 1–12)

Key words: subclavian artery, brachiocephalic trunk, aortic arch, 
posterior inferior cerebellar artery

INTRODUCTION
According to classical anatomical textbooks, the 

vertebral artery (VA) is divided into four segments [1].  
In the first segment, the artery courses dorsally after 
originating from the subclavian artery until it enters 
the foramen of the C6. The second segment lies 
within the transverse foramina of C6 to C2. The third 
portion is the distal extracranial segment that is short 
and tortuous. The artery passes through the trans-
verse foramen (TF) of the atlas and then curves back-
wards and medially behind the lateral mass of the 
atlas. It then makes a sharp turn to pierce the dura 

mater, thereby entering the cranium through the 
foramen magnum (Fig. 1). The fourth segment 
is entirely intracranial and terminates when the 
vertebral arteries join at the lower pontine border 
to form the basilar artery [10, 27]. The VA typically 
gives off spinal, muscular, meningeal branches, the 
anterior spinal artery, ramus choroideus ventriculi 
quarti, medial and lateral medullary branches and 
the terminal branch, the posterior inferior cerebellar 
artery (PICA) [62].

Anatomical variations of the VAs concerning 
their site of origin, course and branching pattern are 

mailto:eleni72000@yahoo.gr
https://orcid.org/0000-0002-8764-1059
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not common and present particular clinical interest. 
Our study has been designed to take into account the 
reports in the literature so far, in order to investigate 
the different types of anatomical variations of the 
VAs and the corresponding incidences.

MATERIALS AND METHODS
An extensive literature search was conducted 

using the electronic database PubMed for relevant 
published articles. The search terms were; “var-
iations of vertebral artery AND cadaveric study”, 
“variations of vertebral artery AND cadavers” and 
“anomalies of vertebral artery AND cadavers”. Only 
cadaveric studies in adults and in English language 
were included in this study. Computed tomogra-
phy-scans and angiographic studies were excluded. 
Additional search filters such as article types, text 
availability, publication date and species were not 
applied. Collected data were categorised in tables ac-
cording to the type of variation. The resulting cita-
tions were exported and the articles were screened 
independently. The references of identified publi-
cations and articles were also examined.

RESULTS
Eventually a total of 24 papers met inclusion crite-

ria, 13 of them referred to variations of the origin of 
the VA, 9 to variations of the artery’s course and 3 in 
variations of its branches. It should be noticed that 
among the 25 papers, one (Lang and Kessler 1991 
[27]) referred both to the course and the branches 
of the artery, so it was counted twice. The articles 
ranged in date from 1983 to 2019 and included 
cadaveric studies in different populations.

The 13 studies concerning the VA’s variable origin 
corresponded to a total number of 1192 cadavers. 
The results are presented in Table 1 and Figure 2. 
An atypical VA origin was detected in 7.0% (83 out 
of 1192 cadavers) of the specimens. A direct origin 
of the left vertebral artery (LVA) from the aortic 
arch was observed in 6.7% of cases (80 out of 1192 
cadavers). The right vertebral artery (RVA) presented 
less commonly an aberrant origin (3 cadavers out 
of 1192, 0.25%). These variations concerned RVA 
origin from the right common carotid artery (RCCA), 
from the brachiocephalic trunk (BCT) and double 
RVA — the one emerging from the aortic arch (AA) 
and the other from the right subclavian artery (RSCA).

The vertebral level of origin of the RVA and LVA 
was assessed only in 14 cadavers (1 study, Table 1). 
The prevalent level of origin of the LVA was between 
the 7th cervical vertebra and the 1st thoracic vertebra, 
while there were also 4 cases emerging between the 
1st and 2nd thoracic vertebra. The RVA arose between 
the 7th cervical vertebra and the 1st thoracic vertebra 
in 5 cases and between the 1st and 2nd thoracic 
vertebra in 4 cases.

Concerning the course of the VA, 189 (30.1%) 
variations were found among 628 cadavers (Table 2,  
a total of 9 studies). Most of them were observed 
on second and third segment of the VA. Studies 
where the VA presented anomalous origin were 
excluded. 

The variations concerning the branching pattern 
of the VA are represented in Table 3 (3 studies).

DISCUSSION
According to our review of the literature, the 

direct origin of the LVA from the AA was observed 
in 6.7% of the cases. In most occasions the LVA 
emerged between the left common carotid artery 
(LCCA) and the left subclavian artery (LSCA). A unique 
case of a LVA origin between the BCT and the LSCA 
was reported, while in this specimen the LCCA orig-

Figure 1. Origin and course of vertebral artery (VA). First part: from 
the origin of the vertebral artery until it enters the foramen of the 
C6. Second part: between transverse foramina of C6 to C2. Third 
part: from the transverse foramen until the foramen magnum. 
Fourth part: entirely intracranial. 
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inated from a common trunk with the BCT. Addition-
ally, in two cases the LVA derived from the AA from 
a common trunk together with the LSCA [19, 49].

In order to understand the majority of VA varia-
tions, a deep knowledge of embryological develop-
ment of the AA and its branching pattern is required. 
During embryological development, as the heart and 
aorta move caudally, cervical intersegmental arteries 
appear from the AA [16]. The 1st to 6th dorsal in-
tersegmental arteries are anastomosed lengthwise, 
with their inferior end connected to the 7th dorsal 
intersegmental artery [61]. The first part of the LVA 
develops close to the origin of the dorsal branch of 
the 7th cervical intersegmental artery and proximal 
to the postcostal anastomosis, while the second part 
is derived from longitudinal communications of the 

postcostal anastomosis. To enter into the foramen 
transversarium of 6th cervical vertebra, the vessel 
takes a vertical posterior course [8]. 

Even though AA variations may be discovered in 
the very first days of life, the majority are only discov-
ered after death or randomly on imaging methods, 
due to the absence of symptoms [39]. Even though 
the exact cause of such variations is unknown [39],  
a plethora of embryological explanations is contained 
in the literature. From the aspect of Patil et al. (2012) 
[41], variations in the branches of the AA might be  
a result of modified development of certain arteries of  
the AA during pregnancy. Furthermore, Patil et al.  
(2012) [41] suggested that a large absorption of 
embryonic tissue of the LSCA between the origin of 
the VA and the AA may cause a direct origin of the 

Table 1. Total number of studies and specimens presenting variations in the origin of the vertebral artery (VA).

Researchers Year Specimens Variations Per cent

Vorster et al. [56] 1998 60 South African cadavers LVA origin from the AA (3) 5%

Gluncic et al. [19] 1999 1 cadaver LVA origin from the AA in a common trunk with LSCA
RVA origin from the RCCA

Yamaki et al. [61] 2006 515 Japanese cadavers RVA origin from the bifurcation of the BCT (1) 
LVA origin from the AA (30)

0.2%
5.8%

Ikegami et al. [24] 2007 25 cadavers LVA origin from the AA (1) 4%

Shin et al. [47] 2008 25 Korean cadavers LVA origin from the AA (2) 8%

LVA — level of origin:

C7/T1:5 35.7%

T1/T2:4 28.5%

T2:1 7.1%

T2/T3:1 7.1%

T1:3 21.4%

RVA — level of origin:

C7/T1:6 42.8%

T1:3 21.4%

T1/T2:4 28.5%

C7:1 7.1%

Patil et al. [41] 2012 75 Indian cadavers LVA origin from the AA (6) 8%

Budhiraja et al. [8] 2013 52 Indian cadavers LVA origin from the AA (9) 17.3%

Einstein et al. [16] 2016 27 cadavers LVA origin from the AA (4) 14.8%

Singh [49] 2017 2 Indian cadavers LVA origin from the AA (1)
LVA origin from a common trunk with LSCA (1)

Motomura et al. [35] 2018 1 cadaver Duplicated RVA with a proximal leg arising from the AA and  
a distal one with typical origin from RSCA

O’Malley et al. [39] 2018 24 Irish cadavers LVA origin from the AA (2) 8.3%

 Li et al. [30] 2018 119 cadavers LVA origin from the AA (7) 5.89%

Woraputtaporn et al. [60] 2018 266 Thai cadavers LVA origin from the AA (14) 5.3%

AA — aortic arch; BCT — brachiocephalic trunk; LSCA — left subclavian artery; LVA — left vertebral artery; RCCA — right common carotid artery; RSCA — right subclavian artery;  
RVA — right vertebral artery

https://www.ncbi.nlm.nih.gov/pubmed/?term=Shin%20IY%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=19096697
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patil%20ST%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=23094209
https://www.ncbi.nlm.nih.gov/pubmed/?term=Einstein%20EH%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27757404
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LVA from the AA, between the origins of the LSCA 
and LCCA. Adachi (1928) [2] classified this pattern 
as type III. Budhiraja et al. (2013) [8] assumed that 
the first part of VA could be the preserved left  
6th segmental artery, or there might be a large 
absorption of the embryonic tissue of LSCA, be-
tween the origin of the AA to the origin of VA, 
causing direct origin of the LVA from the AA. 
The 6th cervical intersegmental artery customarily 
vanishes, but Einstein et al. (2016) [17] supposed 
that it might have maintained, permitting blood 
flow from the arch of aorta. The cause of origin of 
the LVA from the AA might be the decreased blood 
flow through the normal origin of the LVA which is 
the dorsal division of the 7th cervical intersegmental 
artery. According to Yamaki et al. (2006) [61], this 
anomalous origin of the LVA could be explicated by 
the fact that the LVA is probably formed through 
the conjunction of the 4th branchial artery with the 
superior wall of the arch of aorta. Additionally, 

growth factors such as transforming growth factor 
beta and vascular endothelial growth factor may 
play a significant role in the variable patterns of 
the AA and its branches [5]. Bhimabhai et al. (2014) 
[6] suggest that AA variations may be a result of 
deficient branching of the aortic sac into the right 
and left limbs during embryonic growth, while 
Momma et al. (1999) [34] propose that there is 
a relationship between AA variants and a loss of 
chromosome 22q11. Moreover, other congenital 
conditions such as Klippel-Feil syndrome or Down 
syndrome and rheumatoid arthritis have been as-
sociated with VA variations [57].

Concerning the clinical implications of the varia-
tions of the LVA origin, Budhiraja et al. (2013) [8]  
noticed that atherosclerosis often affects the pre-
vertebral part of the LVA deriving from the AA. 
Einstein et al. (2016) [17] stated that an abnormal 
origin of LVA doesn’t have any impact on blood 
flow, but it might perplex surgical and endovascular 

Figure 2. Variations of vertebral artery (VA) origin; A. Left vertebral artery (LVA) originated from aortic arch (AA); right vertebral artery (RVA) 
of typical origin; B. LVA originated from AA with a common trunk with left subclavian artery (LSCA), RVA of typical origin; C. RVA originated 
from brachiocephalic trunk (BCT), LVA of typical origin; D. Duplicated RVA originated from BCT and AA, LVA of typical origin; LCCA — left 
common carotid artery; RCCA — right common carotid artery; RSCA — right subclavian artery.
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processes of AA. The impairment or disengagement of 
the abnormal vessel might also affect cerebral func-
tion. According to the literature, there seems to be  
a greater hazard during surgical processes of im-
portant interruption of cerebral blood flow, if an 
anomalous VA exists [16]. Thus, a thorough knowl-

edge of variations in the branching pattern of the 
AA is essential, especially when patients have to 
experience aortic instrumentation, vessel angiogra-
phy, or surgery on neck and head [41]. Additionally,  
a comprehensive understanding of possible abnormal 
branches emerging from the AA is also vital in the 

Table 2. Variations in the course of the vertebral artery (VA)

Researchers Year Specimens Variations Per cent

De Oliveira and 
Rhoton [15]

1985 25 cadaveric heads In the suboccipital region:
• VA was partially, but incompletely, surrounded by bone (6) 24%

• Bony ring that completely surrounds the VA (7) 28%

Lang and Kessler 
[27]

1991 65 head and neck 
halves

V3 segment

Loop formation at the exit from the transverse foramen of C2:

• Sideward loop caudally and dorsally (Type II) (9) 14%

• Clear loops in the dorsal direction (Type III) (7) 10.8%

• Slant course from the transverse foramen of C2 sideward and upward (Type IV) (7) 10.8%

Variations of V2 segment:

• In the space between C6 and C2 it meanders slightly (5) 7.7%

• Clear loops (2) 3.1%

Cacciola et al. [9] 2004 40 cadavers • Atlas with symmetrical complete bilateral dorsal osseous bridges, passage of VA 
through the tunnel formed by the dorsal and lateral bridges (1)

2.5%

• VA passage from lateral to medial under the oblique inferior boarder of the partially 
ossified atlanto-occipital membrane (2)

5%

Senoglu et al. 
[46]

2006 166 dry C1  
specimens

Variations of V3 segment:
• Bilateral osseous bridges forming a canal for VA (8)
• Unilateral osseous bridges forming a canal for VA (10)

4.8%
6%

Tubbs et al. [53] 2006–2007 20 cadavers Bilateral LAO ligament, dorsally in contact with the VA (20) 100%

Civelek et al. [13]  2007 30 cadavers Variations at the VA entrance point in the transverse canal (V2 segment):
• Entrance into the transverse foramen of C7 (2) 
• Entrance into the transverse foramen of C4 (1)

7%
3%

Muralimohan et 
al. [36]

2009 21 Indian cadavers • On the right side completely ossified bridging fibrous tissue forming a bony  
tunnel for VA (1)

4.7%

• On the left side partially ossified bridging fibrous tissue forming a bony tunnel for VA (1) 4.7%

Ulm et al. [54] 2011 30 cadavers Variations of V3 segment:

Exit of VA from the C2 transverse foramen:

• 90o bend (15) 50%

• < 90o angle (11) 37.5%

• > 90o angle (4) 12.5%

25 cadavers Proximal loop formation from its exit from the C2 foramen:

• Posteriorly (12) 48%

• Directly laterally (5) 20%

• Little or no loop present (straight line between C1-C2) (8) 32%

• No space between the occipital bone and the horizontal segment (4) 12%

34 cadavers Dorsal course through a fully foramen-shaped arterial groove (5) 14.7%

Chanapa and 
Mahakkanukrauh 
[12]

2012 181 cervical spines Entrance of the VA into the transverse foramen of: 
• C4 (4)
• C5 (16)
• C7 (20)

1.1%
4.4%
5.5%
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identification of cranial aneurysms. Moreover, there 
have been reports that anomalies in the branching 
pattern of the AA could lead to cerebral anomalies 
by modifying the pattern of flow in cerebral ves-
sels. Direct origin of LVA from AA seems to increase 
blood flow in LVA. This direct flow of blood from aor-
ta to brain or absence of equilibrated flow of blood 
on right and left side at circle of Willis may probably 
be the cause of greater occurrence of cerebro-vascular 
diseases in such cases [44].

Our review of the literature retrieved only 1 case 
of a duplicated RVA (Table 1 [35]). Sim et al. (1976) 
[48] suggested that this variation may be the result 
of a remaining portion of the primitive dorsal aorta 
along with two intersegmental vessels conjoined to 
the true VA, while Kendi et al. (2009) [25] proposed 
that the miscarriage of regression of the 5th or  
6th intersegmental arteries may lead to a further 
potential origin of the VA along with the normal  
7th segment. Duplicated RVA might be observed 
only in 1% of Japanese people and it is even rarer 
in Western Europe population [1]. It occurs main-
ly in the upper cervical position and is associated 
with other intracranial anomalies. When duplicated, 
there is either a main trunk which permeates the 
dura at the C1-C2 levels and a hypoplastic one or 
two trunks, one intradural and one extradural, of 
similar dimension. This probably leads to an acute 
haematoma below the inner layer of the dura and 
death, after tapping costal the cervical spine. 

In respect to the variations of the RVA origin, our 
review retrieved a few cases of RVA emerging from 
the RCCA and the BCT as well as the duplication of 
the artery which was described above (total inci-
dence of 0.25%). Maiti et al. (2016) [31] mentioned 
that anomalous origin of the RVA is more frequent 

than that of the LVA. This result coincides with the 
findings of our review. The embryologic expla-
nation is often difficult to understand. Although 
these findings may be asymptomatic in most cases, 
detailed information is required before any surgical/
endovascular intervention in order to avoid any inat-
tentive injury and misconception of VA [8]. In general, 
abnormal origin of VA might cause cerebral disorder 
as it modifies haemodynamic of the brain [8].

Lazaridis et al. (2018) [29] presented in their study 
an interesting classification system concerning the 
variable point of origin of both VA. In most of the 
cases the left or right VA is described to emerge 
abnormally from different parts of the AA, while 
extra-aortic points of origin, such as the BCT and 
carotid arteries are included [29]. Nevertheless, the 
classification does not mention the point entrance 
and branching pattern. 

Variations related to the entrance point and 
the course of the second segment in the trans-
verse canal, were noticed in 2 studies and a total of  
43 cadavers (20%, Table 2 [12, 53]). The VA entered 
the TF of C6 in 168 out of 211 specimens (80%). 
In 5 cadavers it entered in the TF of C4 (2.3%), in  
16 cadavers in the TF of C5 (7.6%) and in 22 spec-
imens the entrance point of VA was observed in 
the TF of C7 (10.4%) [12, 31]. Chanapa and Ma-
hakkanukrauh (2012) [12] reported the 47.5% of 
the observed variations were on the left side and 
the 52.5% were on the right side. The 57.5% of the 
cases which presented variations at the level of en-
try of the VA were men and the 42.5% were female 
[12]. Previous studies [7, 22, 31] reported that the 
VA entered typically at C6 with a range from 90% 
to 94.9%, while an abnormal entrance at C3, C4, C5, 
and C7 was observed with a range from 5.1% to 10%. 

Table 3. Variations in the branches of the vertebral artery (VA)

Researchers Year Total specimens Variations Per cent

Lang and Kessler [27] 1991 65 head and neck halves 3 specimens origin from the VA with extradural origins ~4%

Abd El-Bary et al. [1] 1995 14 cadavers Branches of the atlantic part of VA

Left Right Left Right

Radiculomuscular 14 14 100% 100%

Muscular 4 4 28.6% 28.6%

Postmeningeal 4 6 28.6% 42%

Postspinal 4 5 28.6% 35.7%

Wang et al. [58] 2019 1 cadaver Extradurally bilateral PICA origin between C1 and C2, and a right double-origin PICA

PICA — posterior inferior cerebellar artery
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Chanapa and Mahakkanukrauh (2012) [12] reported 
that the entrance was found in 89% at the C6, which 
is compatible with the study of Civelek (2007) [13]. 
According to our review, the VA entered typically at 
C6 in 80% of the cases and the abnormal entrance 
occurred in 20% (C7, C5, and C4 with incidences 
10.4%, 7.6%, and 2.3%, respectively). The unilateral 
entry of VA in the study of Chanapa and Mahakka-
nukrauh (2012) [12] was 13% similar to the study of 
Bruneau (2006) [7], which was 12.4%. Ebraheim et 
al. (1996) [16] reported that serious VA compression, 
particularly when cervical spondylosis is present, may 
occur within the TF of C5 spine due to the small 
diameter of this foramen.

It should be pointed out that LVAs with abnormal 
origin from the AA tend to present variable and anom-
alous point of entrance. In the study of Woraputta-
porn et al. (2018) [60] the 78.6% of LVAs deriving 
from the AA entered the TF of C5, with one entering 
that of the C4. On the right side, no deviations were 
observed at the origin pattern and the 99.2% of RVA 
assessed the C6 [60]. That was also the case in the 
study of Li et al. (2018) [30], where variations with 
a sinuous course and abnormal entry at the TF of C5 
were reported only in LVAs with atypical origin. Ac-
cording to Tardieu et al. (2017) [51], all cases of LVA 
with this type of origin ascended in a more medial 
course and presented higher point of origin, being 
more prompt to injuries. 

Concerning the entrance of VA in the transverse 
canal, in 89% the artery ran nearly straight in this 
area, in 7.7% it meandered slightly and in 3.1% it 
formed clear loops [26]. In reference to the third 
segment of the VA, out of a total sample of 628 
cadavers, variations were detected in 119 of them 
(19%, Table 2). Ulm et al. (2010) [54] found that 
half of the VA specimens presented a 90° bend at 
their exit point at the C2 TF, 37.5% made a slightly 
more acute angle and 12.5% formed an obtuse bend 
inside the groove. In the same study, 25 dissections 
at the level of the third segment were examined, 
specifically at the proximal loop, which is tethered 
between the bony C1 and C2 foramina. The proximal 
loop projected posteriorly in 12 (48%) cases and 
directly laterally in 5 (20%) cases; in 8 (32%) cases 
there was a small or no loop and the artery coursed in  
a straight line between C1 and C2. No case in which 
the proximal loop projected medially or anteriorly 
was observed. The superior surface of the hori-
zontal segment is in close proximity to the lower 

lateral surface of the occipital bone. Ulm et al. (2010) 
[54] found no separation between the lower sur-
face of the occiput and the superior surface of the 
third segment in 12% of cadaveric dissections (4/39).

Lang and Kessler (1991) [27] studied the course 
of the atlantoaxial part of the VA in 65 head and 
neck halves and presented 4 main types (I–IV) of 
loop formation in this region. According to their 
division, the type I which referred to the classi-
cal course of the artery was found in 42 (64.6%) 
specimens. This course was discovered in 64.6% 
of the cases on the right and in 62.5% on the left. 
Type II included VAs which formed a loop sideward 
more or less caudally and slightly dorsally after their 
exit from the TF of the axis. This form occurred in  
9 (14%) specimens, more often on the left (18.8%) 
than on the right (9.1%). The cases where VA pre-
sented clear loops in the dorsal direction and then 
coursed upward to the TF of the axis belonged to 
the type III. This type was observed in 7 (10.8%) 
specimens, more often on the left (12.5%) than 
on the right (9.1%). Finally, type IV was comprised 
of the arteries which coursed slantingly from the 
transverse foramen of the axis sideward and up-
ward, with more or less clear curves of the vessel in 
the ventral direction before it approached the TF of 
the atlas. This type occurred in 10.8%; in 15.2% the 
slanting course was to the right and in 6.3% to the 
left. Furthermore, they compared both sides in only 
32 specimens (12 males, 4 females) and discovered 
the same type on each side in 56.3%.

Probably the loop formation of the atlantoaxial 
part was firstly investigated by Krayenbühl and Yas-
argil (1957) [26]. These authors as well as Schwedt 
in 1978 [45] described different subdivisions: slight 
bendings, small curves, nearly or no loop forma-
tion and moderate looping and so on. Toldt and 
Hoschstetter (1979) [52] presented these bends in 
their illustrations. Francke et al. (1981) [18] subdi-
vided the loops (concave downward and laterally 
and inside the TF of C2) and pointed out that these 
bends seem to increase during aging. According to 
Muralimohan et al. (2009) [36], the incidence of VA 
variations in the atlantoaxial region is 2.3%. Ulm et al 
(2010) [54] stated that this variant anatomy must be 
taken into consideration when placing either C2 pars 
screws or C1-2 transarticular screws, as both these 
techniques are likely to cause damage of this seg-
ment. Thus, detailed knowledge of the anatomy of 
this arterial segment is critical for the surgeon so that 



8

Folia Morphol., 2021, Vol. 80, No. 1

no accidental injury occurs. In addition, according 
to Heros (1986) [22], an intraoperative injury to the 
VA may result in unpredictable neurological deficits 
depending on contralateral VA flow due to excessive 
bleeding and disruption of cerebral blood flow.

As the artery exits the transverse foramen of C1, 
heading towards to the suboccipital region, it typ-
ically runs through the groove of the VA found in 
the posterior arch of C1. One of the most common 
variations observed in our review study was the pres-
ence of an osseous foramen on the posterior arch of 
the atlas, which is referred in the literature as Fora-
men Arcuale (FA) (or Ponticulus Posterior) [26]. This 
foramen, which is formed by the ossification of the 
atlanto-occipital membrane, transforms the groove 
of VA in an osseous tunnel inside of which the artery 
passes through to the suboccipital region. Among 
252 cadavers [3, 26, 36, 46, 54] a total (33 out of 
41, 80.5%) or partial (8 out of 41, 19.5%) ossification 
of the atlanto-occipital membrane was observed in 
41 (16.3%) (Table 2). Corresponding findings were 
reported by Senoglu et al. (2006) [46] in 8 cadavers 
bilateral and in 10 unilateral (166 specimens), while 
no statistically significant difference between left 
and right side was reported. 

The osseous bridge forming the canal for the VA 
variant was reported for the first time in the late 19th 
century [32]. According to Manjunath (2001) [32], 
this variant anatomy was detected on 11.7% of C1 
vertebrae observed in 60 southern Indians and was 
reported to occur in 1.8% to 29.2% of individuals 
in various geographic locations. Taitz and Nathan 
(1986) [50] investigated the existence of posterior 
and/or lateral bone bridges in 672 C1 vertebrae. 
They found partial posterior bridges in 174 (25.9%) 
and complete bridges in 53 (7.9%) cases. Paraskevas 
et al. (2005) [40] examined 176 dried C1 vertebrae 
and found a canal for the VA in 10.2% and an 
incomplete canal in 24.4% of their specimens. 
This variant was observed less frequently in the 
specimens of Senoglu et al. (2006) [46] (bilater-
ally in 4.8%, unilaterally in 6%, and partially in 
4.8%). Afsharpour et al. (2016) [3] reported that 
the presence of arcuate foramina may compress 
the VA as it passes beneath the bony bridge. This 
compression could result in neurological conditions 
as vertebrobasilar arterial insufficiency (VBAI). Same 
symptoms may occur during surgical procedures 
near the atlas in patients with a FA. Mitchell (1998) 
[33] and Vanitha (2014) [55] concluded that hyper-

extension of the head or manual pressure in this 
region during cervical manual manipulation is more 
likely to provoke VA compression, especially when 
FA is present, resulting in stenosis. Nevertheless, 
Haynes (2005) [20] didn’t observe any incidence of 
VA stenosis using a Doppler examination. Cushing 
et al. (2001) [14] reported that the presence of FA 
could increase the risk of VA dissection especially 
with neck rotation. In a comprehensive study of 
895 patients, Wight et al. (1999) [59] found out 
that complaints of neck pain (33%) and cervicogenic 
headache (22%) were significantly connected with 
the presence of FA. Pękala et al. (2017) [42] detected 
that the complete FA was reported to be predom-
inant in North Americans (11.3%) and Europeans 
(11.2%), and less common among Asians (7.5%). 
The complete FA was observed more frequently 
in males (10.4%) than in females (7.3%). On the 
opposite, an incomplete FA was more commonly 
observed in females (18.5%) than in males (16.7%). 
Additional to a complete FA, a contralateral FA was 
found in 53.1% of the cases. In our review study, 
the bilateral presence of FA was observed in 44.4% 
of cases (Table 2). Conclusively, the patient’s sex 
and ethnicity should be taken into consideration 
by the surgeons while examining the presence of 
FA. Pre-screening clinical assessment of classic 
signs and symptoms of VBAI is also of great 
importance. Radiographic imaging is recom-
mended for assessing the presence of partial or 
complete FA. In trauma cases, advanced imaging is 
strongly recommended. In order to minimise the 
risk of VA injuries from screw placement, attentive 
evaluation of dorsal-lateral arch thickness is a pre-
requisite, since FA seems to be a common anomaly.  
A thorough knowledge of the variants in this re-
gion and a detailed appreciation of regional anat-
omy of the FA are therefore imperative during sur-
gical procedures in this area, as mentioned by Ahn 
et al. (2018) [4]. However, based on Afsharpour 
et al. (2016) [3] findings, the presence of such 
hard bridges over the VA may provide protection 
from compressive pressures. The same conclusion 
was reached by Muralimohan et al. (2009) [36] 
who assumed that although anatomical variations 
may potentially increase the rate of intraoperative 
complications, this osseous bridge constitutes an 
additional barrier which protects the artery, thus it 
reduces the risk of injury. This is also mentioned in 
the study of Senoglu et al. (2006) [46].
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Tubbs et al. (2007) [53] have reported in their 
study that all 20 cadavers they had studied presented 
a lateral atlanto-occipital ligament (LAO) bilaterally, 
in contact with the VA posteriorly. They reported 
that this ligament was found to be a distinct band of 
connective tissue located lateral to the atlanto-occip-
ital junction, separate from the joint capsule and the 
anterior atlanto-occipital membrane. The insertion 
of the LAO was observed onto the jugular process 
of the occipital bone in all specimens [53]. Although 
Tubbs et al. [53] reported that the presence of the 
LAO ligament was in close relation with the VA in 
all their specimens, this ligament is not frequently 
mentioned in literature and almost absent from all 
modern textbooks and atlases of anatomy. Some 
of the texts that have depicted this ligament in-
clude the antiquated editions of Gray’s anatomy 
[43]. On the other hand, Hecker (1922) [21], in 
a landmark treatise on the atlanto-axial-occipital 
ligaments, didn’t mention the LAO. The exclusion of 
this ligament may be linked to the difficulty to access 
this region. In case of accidents which might lead to 
the injury of this ligament, consequential damage 
in the VA may occur. Therefore, further research of 
the LAO must be taken into consideration, due to 
the proximity of this ligament to the VA.

According to Russo et al. (2011) [44], iatrogenic 
damage in the second segment of the VA is rare. 
However, the anomalous course of the VA may pro-
voke serious complications during anterior cervical 
decompression surgery with consequential neurolog-
ical damage or death. Thus, accurate preoperative 
planning is prerequisite for anterior cervical decom-
pression [38]. Surgical approaches to the posterolat-
eral craniovertebral junction require working in close 
proximity to the V3 segment. Therefore, Ulm et al. 
(2010) [54] concluded that an injury of this segment 
may occur during procedures of the craniovertebral 
junction, as well as while its exposure when treating 
tumours. They also mentioned that an injury of 
the VA may lead to serious complications such as 
VA occlusion, formation of an arteriovenous fistula, 
a pseudoaneurysm, or enormous bleeding that could 
result in stroke or even death [38, 54].

After the VA enters the suboccipital region, it 
gives off spinal and muscular branches, which supply 
the upper portion of the spinal cord and the sub-
occipital muscles, respectively. During its passage 
through the dura matter, meningeal branches 
are emerged. As it courses intercranial, it gives 

off its terminal branch, the PICA which is the largest 
branch of the VA and may be originated from the 
foramen magnum to the vertebrobasilar junction [1].  
According to Lang and Kessler (1991) [25] the PICA 
emerged from the VA with extradural origins in  
3 out of 63 head and neck halves (about 4%), while 
double-origin PICA extradurally between the verte-
brae C1 and C2 is observed in 1–4% of patients [58].

During surgical procedures of the VA, the branch-
es of the VA in the axoatlantal and atlantal seg-
ments must be taken into consideration. Lang 
(1983) [28] was the first who analysed the extradur-
al origins of PICA. It should be noticed that there are 
a plenty of variations concerning the distance from 
the lower rim of the TF of the atlas to the dura. Abd 
et al. (1995) [1] have noticed that the right and left 
VA often presents an asymmetry. A small VA is diffi-
cult to be observed with angiography and perhaps 
it terminates as PICA. Moreover, PICA termination 
is highly prevalent in cases of LVA origin from the 
AA [38]. In case it is ending in the basilar trunk it is 
termed “hypoplastic”; otherwise it is called “atretic” 
[38]. Additionally, there is a possibility of absence 
of this artery, so 4 congenital anastomotic arteries 
might exist: the trigeminal, otic, and hypoglossal 
which are intracranial and the proatlantal which 
is extracranial. All of them constitute embryonic 
anastomotic arteries among the carotid and basilar 
circulatory systems. The occipital artery emerges 
from the internal carotid, it connects the later with 
the external carotid artery and its proximal portion 
is formed by a channel of proatlantal artery [1]. 
From the above, it is clear one proatlantal artery 
might rise from the external carotid and another 
from the internal carotid. The VA may be absent 
or hypoplastic if there is a persistent proatlantal 
artery. Thus, a proatlantal artery might remain due 
to abnormalities of VA development [1]. 

Below the C1 posterior arch is observed a radicu-
lomuscular branch that is formed due to the entrance 
of the artery. This branch passes between the atlan-
toxial joint (forward) and C2 nerve (downward) and 
was present at all specimens (100%). Moreover, it 
appears to give two branches; a dural branch that 
courses to the dura with the C2 nerve and a muscular 
branch. The origin of this radiculomuscular branch 
is observed on the entrance point of the VA to the 
C1 TF and no cadaver presented it lower from the 
TF (Table 3). Similar were also the findings in the 
angiography studies of Zhu et al. (2018) [62]. 
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Another muscular branch is formed by the ar-
tery above the C1 posterior arch and ran posterosu-
periorly and medially. Four cadavers presented this 
branch both in the left and the right side, respectively 
(28.6% on each side, Table 3). Distal to this branch, 
the posterior meningeal artery is formed by the VA 
posteromedially. This artery was originated 7–11 mm 
proximal to the entrance point of VA to dural and 
was detected on the left side in 4 (28.6%) cadavers, 
on the right side in 6 (42%) specimens and it was 
missed in 4 (Table 3). Although the meningeal 
branches of the VA are small, they may become 
swollen in a plenty of pathologic circumstances. 
Both anterior and posterior meningeal branches 
originate from the extracranial VA and supply  
a portion of the dura of the posterior fossa. The pos-
terior branch emerges from the VA over the arch of 
C1, under the foramen magnum and it supplies the 
medial portions of the dura of the occipital posterior 
fossa and the falx cerebelli. Sometimes it may also 
continue over the tentorium in order to supply the 
posterior segment of the falx cerebri and adjacent 
tentorium [37]. Newton (1968) [37] reported the 
posterior meningeal artery on the left side in 29.8% 
of their cases and on the right side in 40% of 
the cases (angiographic study). According to their 
study, the posterior meningeal artery originates from 
the posterior part of the VA among the arch of C1 
and the base of the skull.

The posterior spinal artery arose from the pos-
teromedial portion of the VA just at the point of 
entrance of the dural. It was observed on the left 
side in 4 (28.6%) cadavers and on the right in  
5 (35.7%, Table 3). It also can be emerged from the 
intradural segment of the artery [11, 23]. In the 
subarachnoid space, the artery gives off ascendants 
and descendants branches. The ascendant branch 
passes through the foramen magnum and divides 
into branches that are connected to branches of the 
PICA. The descendant branch course continues on 
the posterolateral aspect of the spinal cord. It is also 
connected to the posterior branches of the radicu-
lar arteries and is divided into collateral branches, 
which continue medially across the posterior surface 
of the spinal cord and they are connected to form an 
artery located in the midline, parallel to the posterior 
spinal arteries. Concerning the dural penetration of 
the VA, the — partial — ligation of the artery at this 
level is recommend, because the periosteal sheath 
supports the dura mater. So, in rotations, is more 

secure to leave untouched the central part of the 
dura matter and cutting it around, but not close to 
the VA. The muscular branch above the posterior 
arch of C1 is commonly injured during exposure 
of the artery. Last but not least, the importance of 
distinguishing the VA from the PICA must be high-
lighted, as in rare occasions may emerges from the 
extradural VA [57].

CONCLUSIONS
It is obvious that, although the variations of VA 

concerning the origin, the course and the branch-
es are, according to the literature, in most cases 
asymptomatic, the thorough comprehension and 
knowledge of the typical VA and its variations is 
of great importance for the prevention of vascular 
complications during minimally invasive diagnosis 
and treatment of cerebral vascular diseases.
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Background: Stem cells constitute a group of cells which possess the ability to 
self-renew as well as the capacity to differentiate into a vast number of different 
cells within the human organism. Moreover, stem cells are able to undergo a po-
tentially unlimited number of divisions and this characteristic is clinically essential. 
Specific fields of its application include treatment of diseases mainly in the field 
of haematology, orthopaedics, surgery, dentistry, and neurology. 
Materials and methods: In the following work, the current knowledge concerning 
mechanisms of stem cell treatment in different parts of the digestive system with 
its diseases as well as adjacent therapy for surgery has been revised.
Results: Stem cells therapy may be used in the treatment of various diseases of 
different parts of the digestive system. This also applies to the end part of the 
digestive tract (proctological diseases) because stem cells can be used to treat 
fistulas. Liposuction allows more recovery of mesenchymal stem cells, compared to 
previous bone marrow harvesting methods. Despite the application of stem cells 
in the treatment of different diseases used for many years so far, the therapeutic 
use for the regeneration of the gastrointestinal tract is still rare and unfamiliar.
Conclusions: Regenerative medicine seems to be a promising tool in medical 
research, especially when insulated cells and designed biomaterials are taken into 
consideration. Major points of discussion include types of stem cells, their origin 
or differentiation for the treatment of many diseases. (Folia Morphol 2021; 80, 
1: 13–19)
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INTRODUCTION
Stem cells constitute a group of cells able to 

self-renew (i.e., have the ability to undergo a poten-
tially unlimited number of divisions). Stem cells can 
differentiate into other, various types of cells. These 
unique attributes allow stem cells to be widely used 
in clinical medicine in at least three fields, namely: 
1) therapy to replace lost or destroyed cell lines, or 
to modify the behaviour of other cells; 2) targets 

of drug therapy, and 3) growth of differentiated 
tissue for studying disease models in vitro for drug 
development.

Specific areas of stem cell application allow treat-
ment of different diseases in the field of haematology, 
orthopaedics, surgery, dentistry, and neurology [17]. 
Stem cells are used as a group of healing agents 
against cancer next to chemotherapy or hormone 
therapy (in leukaemia, lymphoma, myelodysplatic 
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syndrome and other haematopoetic cancers, as well 
as kidney and breast cancer or Ewing sarcoma), but 
they are also widely spread in aesthetic medicine [28, 
43]. Moreover, stem cells constitute great potential to 
be applied in regenerative medicine, as well. In this 
context, the use of stem cells falls within an interdis-
ciplinary area of medicine, and combines knowledge 
from such branches like tissue engineering and molec-
ular biology, while supporting healing, regeneration 
and repair of damaged tissues.

In this review, we want to depict the current 
knowledge and importance of stem cell therapy in 
digestive system surgery.

HEADING
Cell therapy takes advantage of human cells for the 

regeneration of damaged tissues or even the whole 
organs of the patient. The major problem of transplant 
rejection by the recipient organism can be significantly 
reduced or even eliminated by creating and trans-
planting organs which are grown in the laboratory 
from patient’s own stem cells. Stem cells or progenitor 
cells are often used because of their internal regener-
ative potential for damaged tissues. The presence of 
stem cells in transplanted tissues increases angiogen-
esis (vascular formation), reduces inflammation, and 
prevents cell death. Furthermore, stem cells secrete 
numerous growth factors into their surrounding envi-
ronment, including vascular endothelial growth factor 
(VEGF), and tumour growth factor [25, 52].

There are several types of stem cells, as reported 
in Table 1.

Stem cells are divided into embryonic stem cells 
and somatic (adult) stem cells. Among the embryonic 
stem cells there are totipotent stem cells (derived 
from a multi-cell embryo) which can differentiate 
into cell of any type, while the pluripotent stem cells 
can differentiate into any type of adult cell except 
for placental cells (when derived from the embryonic 
stem cell). Adult stem cells are multipotential, which 

may give rise to several different types of cells, usually 
with similar properties (including haematopoietic 
cells) or unipotent cells, which may give rise to only 
one cell type.

Most of stem cells occur in foetal tissues and have 
the greatest regenerative capacity. Because of ethical 
reasons, stem cells used for treatment are received 
from adults. Mesenchymal stem cells (MCSs), which are 
primarily used, are isolated from almost all tissues (e.g., 
umbilical cord, periosteum, tendon, skin or muscle). 
MCSs are easily gained from adipose tissue by liposuc-
tion or by surgical excision of the tissue. This method is 
more effective than obtaining MCSs from bone marrow. 
Intensive research done by academia and industry has 
focused on mesenchymal stromal cells (MSCs) because 
of their unique features. Full use of MSCs’ self-renewing 
ability is enabled because they can be easily isolated and 
expanded through in vitro culture [34].

Human MSCs derived from Wharton jelly (hWJ- 
-hMSC) are multipotent cells which can differen-
tiate into distinct branches of cells: osteogenic, 
chondrogenic, adipogenic cells, also can trans-dif-
ferentiate into neural and glial cells. hWJ-hMSC line 
presents plasticity and has become an interesting 
and promising tool for the treatment of cellular and 
neurogenic regenerative medicine [5]. In addition, 
MSCs exert immunomodulatory activity and can dif-
ferentiate into different lines, making them high-
ly attractive for clinical applications in cell therapy 
according to the concept of developmental engi-
neering [30]. Lenas et al. [30] studied the role of 
bone morphogenetic protein (BMP) signalling in the 
differentiation of adult mesenchymal progenitor 
cells, namely hMSC, towards articular cartilage. The 
combination of microfluidic system for screening 
soluble factors on three-dimensional microaggre-
gates and synthetic compounds that selectively and 
specifically silenced the BMP pathway by targeting 
ALK2 and ALK3 receptors successfully developed  
a strategy effective in targeting the hMSC towards 

Table 1. Various types of stem cells

Embryonic  
stem cells

Adult (somatic)  
stem cells

Induced pluripotent  
stem cells (artificial)

Foetal  
stem cells

Amniotic  
stem cells

Totipotent Hematopoietic stem cells – Proper foetal stem cells –

Pluripotent Mesenchymal stem cells – Extraembryonic foetal stem cells –

Multipotent Neural stem cells – – –

Oligopotent Epithelial stem cells – – –

Unipotent Skin stem cells – – –
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stable articular cartilage, both in vitro and in vivo. 
Thus, restricting BMP signalling can program adult 
hMSC to stable chondrogenesis [38].

Stem cell therapy also has an important role in 
heart regeneration, i.e. MSCs (also isolated from ad-
ipose tissue), cardiac cell progenitor cells (CPC) and 
iPSC cells [11].

Usage of stem cells in medicine begins in 1950s 
when James Alexander Thomson and his associates of 
the University of Wisconsin-Madison transplanted bone 
marrow in order to treat leukaemia. Stem cell surgery 
started in the late 1990s by Dr. Thompson of the Univer-
sity of Wisconsin and researchers at Johns Hopkins Uni-
versity who reestablished the acquisition from human 
body tissues. High hopes are placed in MCS, but cur-
rently the American Society of Plastic Surgeons, World 
Health Organization (WHO) or other organizations do 
not publish official statistics on trends associated with 
the use of MCS in reconstructive surgery [21].

The mechanisms of action to use stem cells safely 
to regenerate the human body must be further ex-
plored. The United States Food and Drug Administra-
tion (FDA) in 2006 developed procedures to ensure 
the security of patients using stem cell therapy [26].

So far, stem cell treatment methods have been 
used in more than 70 diseases, including haemato-
poetic, cardiovascular [16, 18], tumour [6], metabolic 
[15], dermatological, immune, nervous, bone-joint, 
digestive, and some genetic diseases. Stem cells can 
be available in reconstructive surgery to replenish 
subcutaneous tissue defects. Applications include 
cancer treatment, radiotherapy, bone grafting, e.g. 
cranioplasty (filling of skull lid defects), filling of bone 
tissue defects, e.g. after resection of mandible tu-
mours, cleft palate, treatment of chronic wounds 
(pressure sores, diabetic foot or as a result of ischae-
mia, infection), treatment of deep burns, aesthetic 
medicine and gastrointestinal surgery.

APPLICATION OF STEM CELLS  
IN ENDODONTICS

The pulp of a human tooth is composed of  
a basic substance and cellular components, includ-
ing odontoblasts, fibroblasts and dental stem cells 
(DSCs), which are MSCs. DSCs include dental pulp 
stem cells (DPSCs), stem cells from human exfoliat-
ed deciduous teeth (SHEDs), periodontal ligament 
stem cells (PDLSCs), stem cells from apical papilla 
(SCAP), and dental follicle progenitor cells (DFPCs). 
DPSCs are classified as specialised (postnatal) adult 

stem cells, differentiated by the effects of external 
factors, leading to the interruption of the process of 
self-renewal of DSCs. DPSCs, unlike the MSCs, have 
a multipotential character, so they can vary to at 
least three different cell lines, such as osteoblasts, 
endothelial cells, nerve, and fat cells.

Dental pulp stem cells were first isolated in 2000 
from perivascular tissue. It is essential to take into 
consideration the source of tissue donor cells. In gen-
eral, the younger and less diverse tissue, the better 
conditions for obtaining DPSCs. Fully retained third 
molar teeth seems to be the best tissue sample to 
use. There are no breeding conditions at the present 
time that would only increase the number of DPSCs 
without discriminating. The characteristic properties 
of DPSCs allow them to be widely used in both den-
tal and medical research as well as controlled tissue 
regeneration. Other options for using DPSCs include 
treatment of neurodegenerative diseases such as 
Parkinson’s disease, filling bones in orthopaedics, and 
primarily in regenerative endodontics — regeneration 
of tissues in the newly emerging field of dentistry. 
Bone defects which are caused by malignancy, con-
genital deformities, traumas, osteoporosis, iatrogenic 
(surgical) and periodontal disease can be successfully 
treated using DPSCs and not only MSCs derived from 
bone marrow as it was in the past.

Regenerative endodontics uses stem cells to treat 
tooth pulp, perforation of root canal walls and bot-
tom of the chamber, as well as necrosis of perma-
nent teeth pulp with incomplete root formation by 
revascularisation and regeneration. Stem cells are an 
excellent source of controlled tissue regeneration. 
Obtaining poorly differentiated cells is difficult; how-
ever, possibilities of using DPSCs are very promising 
and, therefore, scientific studies in this area are still 
being conducted.

Stem cells are also used in therapy of different 
organs of digestive system. Despite using these cells 
for treatment of different diseases for many years, 
therapeutic use for the regeneration of gastrointes-
tinal tract is still very rare and new [19, 24, 33, 46].

STOMACH
Rashed et al. [42] studied the combined effect in 

rat model of MSCs gained from the bone marrow and 
nitric oxide (NO) inducer on injured gastric mucosa. 
Administration of either MSCs, NO, or MSCS with NO 
may exert a therapeutic effect on the mucosal lesion 
in gastric ulcer. Effects were tested by histopathology 
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after IV injection of MSCs and NO inducer. Mucosal 
regenerative changes and complete restoration in 
gastric ulcer occurred in the group receiving both 
stem cells and NO. Wang et al. [50] performed a study 
using the group of 48 clean grade male Wistar rats. 
The aim was to establish the model of gastric ulcer 
with acetic acid. Bone marrow mesenchymal stem 
cells (BMSCs) can accelerate ulcer healing by the se-
cretion of VEGF, and improve the quality of ulcer cure. 
In the regenerative mucosa, the ulcer area, the mu-
cosal thickness and the number of dilated glands by 
histology was measured by the authors. It turned out 
that the expression of VEGF was detected at ulcerative 
margin, using immunohistochemical method [50].

LIVER
In animal models, BMSC have cured animal liver 

fibrosis. Only few studies exist which have been per-
formed on humans. Zhang [53] studied 60 patients 
with liver fibrosis secondary to hepatolenticular de-
generation. The efficacy of treatment (penicillamine 
group vs. combination penicillamine plus BMSCs 
group) was evaluated based on hepatic fibrosis, liv-
er function, and serological markers. Combination 
therapy was related to lower cytokine levels, meaning 
a significant positive effect on liver fibrosis [53].

PROCTOLOGY
Healing fistulas using stem cells is more accessible 

in proctology. Indeed, liposuction allows more recov-
ery of fat cells, compared to previous bone marrow 
harvesting methods.

Anorectal abscesses and anal fistula are acute and 
chronic phase of inflammation of the anal crypt. They 
can also be the result of earlier abscess or rectal fis-
tula. The causes include inflammatory bowel disease 
(Crohn’s disease, ulcerative colitis), trauma, foreign 
body, radiotherapy, diseases of rectum and adjacent 
organs, immunosuppressive diseases and less com-
mon causes (endometriosis, radiation, tuberculosis 
etc.) [12, 13]. Fistula surgeries should save sphincter 
muscle without inducing postoperative incontinence. 
Sparing treatment aimed at avoiding complications, 
however, is less radical, which may result in recur-
rences. Furthermore, operations that save sphincter 
muscle apply only to simple fistulas [27]. Patients 
with high, branched fistulas cannot be operated by 
traditional surgical techniques. By the stem cell pro-
cedure, the excision of walls and light of the fistula 
includes specially prepared cell suspension and the 

simultaneous stamping of the internal fistula. The cost 
of the extra procedure of picking and preparing the 
autogenous material for the slurry is certainly limited 
by the method. The method is effective in approxi-
mately 50% of the cases, with low invasiveness and 
repeatability [20]. Complications which can appear 
are associated with infection of the operated site 
and may refer to the liposuction stage and the fistula 
area [27]. The incontinence because of anal sphincter 
damage may also be a complication of surgical treat-
ment, especially more aggressive. Several studies have 
been projected to elaborate minimally invasive treat-
ment of rectovaginal and anal fistulas. The properties 
of adipose-derived stem cells significantly enhance  
a natural healing potency [4, 27, 39, 41, 51].

At the beginning of 21st century, stem cell therapy 
of perianal fistulas was introduced. In 2005, phase I  
clinical study was published, reporting the treat-
ment of Crohn’s disease witch autologous adipose 
tissue-derived MSCs (ADSCs) [12]. Later on the same 
department conducted phase II study that evidenced 
that fistulas treated with ADSCs showed higher heal-
ing rates (71%) in comparison with fibrin glue treat-
ment (16%) [13]. However, only few ADSC-treated 
patients remained free of recurrence for more than 
3 years in long term observation [20].

In 2012, Herreros et al. [23] performed a multi-
centre, randomized, single-blind, add-on clinical trial 
in 200 adult patients from 19 centres. Patients were 
randomly assigned to receive 20 million stem cells 
(group A, 64 patients), 20 million adipose-derived 
stem cells plus fibrin glue (group B, 60 patients), 
or fibrin glue (group C, 59 patients) after closure of 
the internal opening. Fistula healing was defined as 
reepithelisation of the external opening and absence 
of collection > 2 cm by magnetic resonance imaging. 
If the fistula had not healed at 12 weeks, a second 
dose (40 million stem cells in groups A and B) was 
administered. Patients were evaluated at 24 to 26 
weeks (primary end point) and at 1 year (long-term 
follow-up). Serious adverse events were absent. In 
treatment of complex fistula-in-ano, a dose of 20 
or 60 million adipose-derived stem cells alone or in 
combination with fibrin glue was a safe treatment. 
In the comparison of three groups no statistically 
significant differences were found [23].

Garcia-Olmo et al. [14] reported similar findings. 
They check the results of stem-cell therapy under  
a Compassionate-use Programme for patients with 
recurrent anal fistulae. There were found ten patients 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Garcia-Olmo%25252525252525252525252525252520D%2525252525252525252525252525255BAuthor%2525252525252525252525252525255D&cauthor=true&cauthor_uid=25805941
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who had previously undergone multiple surgical in-
terventions that had failed to resolve the fistula. Dur-
ing this research they closed the internal opening, 
which was followed by local implant of stem cells in 
the fistula-tract wall. The main cell type selected for 
implant was autologous expanded adipose-derived 
stem cells. Outcome at 8 weeks was classified as 
response or partial response. Evaluation 1 year after 
the intervention confirmed if complete healing of 
the fistula occurred. No adverse reactions or compli-
cations related to stem-cell therapy occurred during 
the study period. Both studies independently of each 
other proved that stem cells are safe and useful for 
treating anal fistulae [14, 47].

A recent multicentre phase III study by Panes et al. 
[40] showed that 50% of the patients receiving ADSC 
treatment had 6 months remission, compared to 34% 
of patients on placebo treatment. Dietz et al. [10] 
showed complete recovery in 83% of treated patients. 
A meta-analysis performed by Lightner et al. [31], 
which analysed severe phase I, II and III trials, reports 
healing rates ranging from 27–83%, with positive early 
results in more than half of analysed studies.

GASTROINTESTINAL TRACT
Recently, results of first human phase 1/2 trial 

using genetically modified MSCs for treatment of 
adenocarcinomas of the hepatobiliary and gastroin-
testinal tract have been published. During the pro-
gression of the tumour, MSCs are recruited into the 
stroma of the tumour. That process causes its growth 
and metastasis [22, 29, 32, 45]. MSCs have several 
abilities, which make them perfect vehicle for tumour 
directed therapy. They have the ability to migrate into 
deep layers of the tumour microenvironment and 
differentiate into the tumour stroma cells. Moreover, 
they have low immunogenicity and can be easily iso-
lated and multiplied [9, 36, 37, 44]. The therapy was 
confirmed to be acceptably safe and tolerable, which 
was consistent with phase 1 study results [49]. One 
study presented signs of activity with stable disease 
in five of ten patients; however, no impact on tumour 
markers and size was observed [48].

WOUNDS
The process of wound healing involves multiple 

growth factors and stem cells and should be studied 
both in terms of research and clinical relevance. One 
of the surgical challenges is the problematic wound 
healing and ulceration in radiation-damaged tissue. 

These problems may appear in non-healing surgical 
wounds, especially in patients with cachexia or with 
cancers after radiotherapy. Some ongoing clinical 
trials with growth factors have already produced very 
promising therapeutic results which can be used in 
earlier mentioned cases [1–3, 7, 8].

Grafting fat tissue in an irradiated area can improve 
the quality of the skin and has regenerative effects. 
The case study by Mohan and Singh [35] describes 
healing of a chronic ulcer resistant to other ways of 
treatment using fat tissue transfer (which contains ad-
ipose-derived stem cells). A 67-year-old woman with  
a chronic, non-healing ulcer in her leg had a squamous 
cell carcinoma excised, followed by radiotherapy. After 
each of the multiple excisions, ulcer continued to cause 
symptoms. The patient underwent a wide local excision 
and split-thickness skin grafting. Afterwards fat was 
infiltrated around and under the ulcer. In the histolog-
ical examination there was a post-radiation dermatitis 
with no evidence of malignancy. After a period in which 
dressings were used, a reduction in ulcer size was ob-
served and more fat was infiltrated around the lesion. 
Two months later, the ulcer had been fully healed with-
out recurrence. This case shows the potential of adipose 
tissue to improve damaged skin. Its use will be able to 
change the need for complex surgical procedures [35].

Such cases prove that modern therapies, especially 
cellular and protein therapies, are the future of skin 
treatments such as burns and chronic wounds. The 
increased amount of growth factors associated with 
inflammation, which is often seen in chronic wounds, 
may also carry a potential risk of cancer transformation. 
Cellular and humoral mechanisms of neoplasm have 
many similarities with physiological wound healing 
(stem cell involvement, inflammation, increased pro-
liferation, similar growth factors). However, proper 
wound healing is strictly controlled and after it is com-
pleted, it begins a natural self-limitation process which 
is completely different compared to the neoplasm pro-
cess [1–3, 7, 8].

SUMMARY
One of the most promising directions in medical 

research is regenerative medicine, which main tools 
are insulated cells and specially designed biomateri-
als. Discussions in recent years deal with the type of 
stem, their origin or differentiation that will be most 
useful in the treatment of many diseases but there is 
no clear answer. However, it is obvious that different 
types of cells will play different roles in relation to the 
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tasks they are supposed to fulfil. Bone marrow cells 
have been introduced into clinical practice earlier than 
other types of cells. The ability of mesenchymal bone 
marrow stem cells to differentiate into many cell types 
makes their use an attractive cell source for tissue 
and organ regeneration. However, the challenge still 
remains to effectively differentiate MSCs towards the 
desired cell lines and to maintain the phenotype of 
previously differentiated cells. Fully verifiable results 
of stem cell treatment are still growing [1, 7].
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Background: The atlantic segment of vertebral artery (V3) located at the centre 
of the cranio-vertebral junction is known for its variability and asymmetry, and is 
either the target or on the way of numerous procedures in this region. The aim 
of the study was to visualise variability of V3 segment.
Materials and methods: The V3 segment was studied in 49 specimens of the 
suboccipital region injected with coloured gelatine. Direct measurements were 
performed and probabilistic maps were created using digital photography.
Results: The V3 segment has wavy course with possible lateral and significant 
postero-inferior expansions. In relation to the foramen transversarium the  
V3 reached up to 5 mm laterally, 23 mm posteriorly, 27 mm medially and up to 
11 mm downward. Looking from the medial aspect the course of the V3 is less 
predictable compared to the lateral approach. Linear measurements and prob-
abilistic maps revealed significant variability and large range of variation. There 
were 11 cases of V3 tortuosity found in studied material.
Conclusions: The complex and variable spatial conformation of V3 makes in-
dividual diagnostic and preoperative approach necessary. (Folia Morphol 2021; 
80, 1: 20–25)

Key words: atlanto-occipital joint, cranio-cervical junction, suboccipital 
triangle, cranio-vertebral junction, vertebral artery anatomy,  
vertebro-basilar system

INTRODUCTION
Last decades brought significant advance in diag-

nosis and treatment of the cranio-vertebral junction 
(CVJ) deformities and injuries. The dedicated instru-
mentation and surgical techniques have been devel-
oped to accommodate specific structure and function 
of this region. Very close and complex relationships 
of the vertebral artery (VA) and the CVJ structures 
make an individual approach with precise vascular 
imaging a gold standard and necessity in many cas-

es. Nevertheless, awareness of anatomical variability 
range and spectrum of possible anomalies is essential 
for surgeon planning and analysing the diagnostic 
imaging, as well as in any emergency or unexpected 
situations. The midline approaches to the posterior 
cranial fossa, foramen magnum and upper part of 
the cervical vertebral canal are naturally limited on 
both sides by the VAs piercing the dura and reaching 
cranial cavity. Moreover the lateral and far-lateral 
posterior fossa approaches have the VA in the centre 
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of operative field and frequently involve its dissection 
or transposition. The arch of VA surrounding the 
atlanto-occipital joint may be in conflict with spine 
instrumentation in degenerative or traumatic cases. 
The aim of this study was to estimate the variability 
of the atlantic segment of the VA as it is a crucial 
anatomical structure during procedures around CVJ.

The VA is divided into four segments according to 
their topography and development: V1 — preverte-
bral, V2 — cervical (also referred to as intertransver-
sary), V3 — atlantic, and V4 — intracranial (actually 
— intradural) [8]. Despite some ambiguity in under-
standing borders of these segments by different au-
thors, the atlantic segment is defined here as the one 
extending between foramen transversarium of atlas 
vertebra and dura crossing [10, 17]. This assumption is 
justified on embryological and topographical grounds.

MATERIALS AND METHODS
Fifty specimens of the posterior CVJ structures 

and suboccipital soft tissues harvested during routine 
forensic autopsies were studied in accordance with 
local ethico-legal regulations. The studied individuals 
had no medical records or signs on gross examination 
of direct trauma or surgical interventions within CVJ. 
There were no signs of significant atherosclerosis or 
stenosis of the studies arteries. A case of atlas assim-
ilation was excluded from this cohort and described 
elsewhere [4], while another case of VA duplication 
around the posterior arch of atlas [5] was left within 
the analysed group. Cadavers examined here included 
34 males and 15 females, aged 18 to 91 years (mean 
53 years, standard deviation 18.25).

The arteries were injected with coloured gelatine 
and specimens were fixed in formalin. After gross 
dissection of the nuchal muscles to the level of sub-
occipital musculature a microsurgical dissection was 
performed to visualise whole length of the V3 bilat-
erally — total 98 segments of VA were studied. 

All linear measurements of the specimens were 
taken directly using calliper of 0.02 mm accuracy and 
basic statistical analysis was performed with Statistica 
9.0. Preparations were immobilised with the triangle 
determined by the tips of the transverse processes 
and the posterior tubercle set in the horizontal plane. 
Digital pictures were taken of each specimen in three 
cardinal planes (superior, posterior and lateral views) 
with reference ruler. Further analysis was performed 
separately for each side to avoid influence of variabil-
ity in the general width of the atlas vertebra. Based 

on the calibrated images the simplified models of VA 
projections were created using the Bézier Curves tool 
in CorelDraw® X3 graphic platform. If more than four 
‘nodes’ of the Bézier Curves tool were needed to mod-
el the superior V3 projections due to sudden turn or 
inflection of the artery curvature, such vessel was re-
garded as tortuous. The vector graphics models were 
superimposed on each other with different landmarks 
used as a common point. Using the transparency tool 
in the multi-layered picture, the probabilistic maps 
of VA position were created (each projection model 
of all 49 was given transparency level of 98%) and 
presented on 1 mm grid. 

RESULTS
The VA soon after leaving the foramen transver-

sarium bent posteriorly and downwards above the 
posterior bar of the transverse process in all studied 
specimens and started a course curved in all three 
planes. In some cases the tip of the VA arch ‘hanged’ 
down as far as 11 mm below the upper surface of the 
transverse process as observed from the side (Fig. 1). 
Thus the proximal arm of the V3 run downward and 
the distal one — upward to reach the groove on the 
posterior arch of atlas.

Observation of the superior views revealed three 
general types of initial VA course after leaving the 
foramen transversarium of atlas. Rarely the artery 
directed immediately towards midline (type A — 4.1% 
on the left and 14.3% on the right). Sometimes it first 
took sagittal course defined arbitrary as fitting the 
10˚ parasagittal angle (type B — 10.2% on the left 
and 28.6% on the right). Most often it run slightly 
lateral (type C — 85.7% on the left and 57.1% on the 
right) to form wider arch surrounding the atlanto-oc-
cipital joint (Fig. 2). 

The superior projections were analysed from two 
points of view. Taking the foramen transversarium 
and the beginning of the V3 segment as the com-
mon point resulted in creation of maps simulating 
location of the VA as if dissected from the side of the 
transverse process (Fig. 3). The arch of V3 seems to 
be predictable and conformed to the geometry of the 
superior articular surface and the whole joint when 
seen on these pictures. Relatively large ‘danger zone’ 
compared to the probabilistic map should also be no-
ticed — it is caused by cases of tortuous V3 separately 
presented further. It extends from the common point 
laterally up to 5 mm, posteriorly up to 23 mm and 
medially up to 27 mm. In order to simulate dissection 
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from the midline, other maps were created taking as 
the common point the crossing of the inner border 

of the posterior atlantic arch with the outer margin 
of the VA arch (Fig. 4). These pictures strikingly differ 
from the previous ones. Except for the part of the 
V3 located in its bony groove on the posterior arch 
of atlas the chance of conflict with the VA is evenly 
distributed in the large area extending up to 30 mm 
laterally and 16 mm posteriorly.

Analysis of the posterior views of the V3 (Fig. 5) 
together with the lateral views gives general picture 
of the waveform course of this artery around the 
atlanto-occipital joint. The posterior views were also 

Figure 4. Superior views of the left and right V3 with the common 
point set close to the dura crossing (arrow): the ‘danger zone’ 
above and the probabilistic map below; Lsas, Rsas — left and right 
superior articular surface of atlas; pt — posterior tubercle of atlas.

Figure 5. Posterior views of the left and right V3 with the common 
point in the foramen transversarium (arrow): the ‘danger zone’ 
above and the probabilistic map below; Ltp, Rtp — left and right 
transverse process; sas — superior articular surface of atlas.

Figure 2. Three possible general directions of the V3 course after 
leaving the foramen transversarium (type A — medial, B — sag-
ittal, and C — lateral) presented on selected cases; Rtp — right 
transverse process; sas — superior articular surface of atlas.

Rtp Rtp Rtpsas sas sas

Figure 3. Superior views of the left and right V3 with the common 
origin in the foramen transversarium: the ‘danger zone’ above and 
the probabilistic map below; Ltp, Rtp — left and right transverse 
process; sas — superior articular surface of atlas.

Ltp

Ltp

Rtp

Rtp

sas sas

sas sas

Lsas Rsas

Lsas Rsas

pt pt

pt pt

Ltp

Ltp

Rtp

Rtp

sas

sas

sas

sas

Figure 1. Cumulated lateral views of the left and right V3: marking 
the ‘danger zone’ above and the probabilistic map below; at — 
anterior tubercle of atlas; Ltp, Rtp — left and right transverse pro-
cess; sas — superior articular surface of atlas.
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studied taking the distal end of the arteries as the 
common point with the conclusions similar to these 
obtained from the horizontal projections (Fig. 6).

In the great majority of cases it was enough to 
use four ‘nodes’ of the Bézier Curves tool to model 
the superior projections of the VA. However in some 
cases (11.2%) additional nodes were necessary to 
model the more complex V3 curvature. These cases 
were referred to as tortuous: 4 on the left and 7 on 
the right side (Fig. 7). Abnormalities in the course of 

the V3 concentrate along its distal part. The tortuous 
vertebral arteries were found in rather shallow bony 
grooves of the atlas. 

The length of the proximal part of the V3 arch 
(L1) was measured from the transversary foramen 
to the tip of the arch — usually located in the axis of 
the atlanto-occipital joint (Fig. 8). The chord of the 
V3 arch (L2) was measured between the foramen 
transversarium and the crossing of the artery with 
the posterior arch of atlas. The index L1/L2 represents 
general shape of the arch — the bigger value, the 
arch is “slimmer”. The sagittal dimension of the left 
V3 arches is significantly longer compared to the right 
arteries, and the left arches are more “slim” (Table 1). 
The length of the artery in the bony groove until the 
dura crossing (L3) was comparable on both sides.

DISCUSSION
Lang and Kessler [12] described the dorsal course 

of the VA after leaving the foramen transversarium 
of atlas vertebra as a rule. Ulm et al. [15] basing on 
dissections and angiographic studies described course 
of the VA after leaving the foramen transversarium of 
atlas as medial. The studies of Abd El-Bary et al. [1]  
and Cacciola et al. [3] revealed sagittal or medial 
course of the VA. These discrepancies may originate 
from subjective observations of the course of the VA, 
which are difficult because of waveform shape of the 
artery and oblique axis of the atlanto-occipital joint. 
On the other hand Yamaguchi et al. [16] in study 
based on the large radiological material pointed the 
postero-lateral protrusion of the VA over the pos-
terior arch of atlas. In the material studied for this 
paper we found wide range of shapes of the V3 arch, 
where wide arches with initially postero-lateral course 
prevail. As the arteries dissected in our study were 
relatively stiff after prior injection in situ, fixation and 
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Figure 6. Posterior views of the left and right V3 with the common 
point at the medial (distal) end (arrow): the ‘danger zone’ above and 
the probabilistic map below; Lsas, Rsas — left and right superior 
articular surface; pt — posterior tubercle of atlas.

Figure 7. Above — left and right exemplary cases of tortuous V3. 
Pictures taken from oblique perspective. Below — superimposed 
superior views of all tortuous cases; Lsas, Rsas — left and right 
superior articular surface of atlas; d — dura mater cut right below 
foramen magnum; ocim — obliquus inferior capitis muscle; V3, V4  
— atlantic and intradural segments of vertebral artery; mb —  
muscular branch of V3; C1 — dorsal ramus of spinal nerve C1;  
Ltp, Rtp — left and right transverse process of atlas.

Figure 8. The mean values and standard deviations of direct linear 
measurements of the V3 (L1–L3) — details in text.
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preservation of anchoring bone or dura, observations 
and measurements are more likely to represent reality.

The asymmetry of the initial course of VA in hori-
zontal plane with more frequent medial deviation of 
the right artery and lateral course in great majority 
of left arteries could be explained by handedness; 
however, there are no data to verify such hypothesis 
in our material. Right hand and eye domination of 
the investigator might have also influenced presented 
results, at least partially. 

The authors of clinically oriented papers [1, 6, 9, 
11–13, 15] analysed statistically linear measurements 
taken mainly in cardinal planes or between arbitrary 
chosen and easily defined points, which is of limited 
value in the operative field and makes understanding 
the real position of the vessel difficult. This prob-
lem we tried to overcome with our graphic meth-
od. General assessment of our probabilistic maps 
indicates higher uncertainty of VA location when it 
is dissected from the medial side. Thus the strategy 
to avoid seeing ‘naked’ artery as long as possible is 
justified [17]. On the other hand, starting dissection 
at the transverse process one should remember about 
possible lateral and significant posterior expansion 
of the VA. Also the uncertain vertical extent of V3, 
both above the level of foramen transversarium and 
below, needs caution when approached from differ-
ent directions [2].

The course of the VA may interfere with screw 
trajectory for occipito-cervical fusion procedures. The 
entry point for occipital condyle screw is located in 
the middle of posterior aspect of the condyle — i.e. 
above and anterior to the V3 arch [7, 11, 13]. Lee 
et al. [13] showed that in a significant number of 
patients there is no sufficient space between the 
occipital squama and V3 to perform this procedure. 
The so-called “slim” V3 arches may give more space 
for instrumentation. Any approach to the posterior 
aspect of the occipital condyle may be disturbed 

by tortuosity of the VA as well. The screw is in-
serted into the lateral mass of atlas in the middle  
of its width, right below the pedicle of posterior arch 
— i.e. anterior and below the V3 arch. The cases of  
V3 arch “hanging” down from the plane of trans-
verse process and posterior arch would need cautious 
transposition. 

Few researchers measured the length of the V3  
[1, 3, 12] and due to different definitions of the 
segment or subsegments their results are not compa-
rable. The range of V3 lengths revealed in our study 
makes any predictions pointless from practical point 
of view — planning of intravascular interventions or 
vascular reconstructions evidently needs individual 
approach. Significant subset of tortuous V3 revealed 
in our study may explain many unexpected intraop-
erative difficulties [14].

Comparison between graphic maps with extensive 
‘danger zones’ and mean values of linear measure-
ments, even completed with some information on 
distribution, shows general pitfall of using statistical 
information derived from anatomical studies. If com-
plications are to be avoided, the range of deviations 
is to be analysed, not the statistical mean values. 
Three-dimensional statistical analysis of the VA has 
not been so far conducted to our best knowledge, and 
the maps presented here may serve as some simple 
forerunner of it. In this context, it seems the mod-
ern radiological studies allowing volume reconstruc-
tions are best suited for exact preoperative planning  
[4, 5, 9–11].

CONCLUSIONS
The atlantic segment of the VA usually has wave-

form course from the foramen transversarium, behind 
the atlanto-occipital joint, toward the cranio-spinal 
dura. Nevertheless, possibility of tortuosity or signif-
icant deviations in shape and location of this artery 
make detailed, three-dimensional preoperative diag-

Table 1. Statistical analysis of the V3 linear measurements in millimetres

Left Right P

Range Mean ± SD Range Mean ± SD

L1 9.86–23.22 15.95 2.65 9.70–20.70 13.82 2.18 0.000039

L2 12.08–27.84 18.27 2.80 13.24–24.60 17.05 2.25 0.020087

L1/L2 0.55–1.43 0.88 0.16 0.61–1.18 0.82 0.11 0.016084

L3 11.10–18.92 14.38 1.65 10.72–18.46 14.87 1.65 0.139438

L1 — length of the V3 arch, L2 — width of the V3 arch, L3 — length of the V3 in the bony groove. SD — standard deviation, p-value for t-Student test of significant difference between 
sides
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nostics necessary in cases where direct exposure of 
the VA is expected. The abilities of navigation devices 
and virtual reality should be widely used both in 
patient management and in training to avoid com-
plications and give sense of variability range.
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Background: Oxaliplatin (OX) has been widely used for treatment of colorectal 
and other cancers. Adverse effect of OX and other anticancer agents on cognition 
have been reported, but studies on the effects of chemotherapy on brain structure 
are scarce. This study describes the morphometrical features of the hippocampus 
structures in rat following OX treatment using design-based stereological methods. 
Materials and methods: Ten male Wistar rats were randomised into two groups. 
The rats from OX group received 2.4 mg/kg OX in vehicle for 5 consecutive days 
every week for 2 weeks intraperitoneally. Controls received vehicle only. Cavalieri’s 
method and the optical fractionator method were used for volume and neuron 
estimation, respectively. 
Results: Cavalieri’s method was used to estimate volume and showed that the 
volume of the hippocampus was significantly decreased in OX group (31.84 ± 
± 1.24 mm3) compared with the vehicle control group (36.95 ± 3.48 mm3). The 
optical fractionator method was used to estimate neuron number and showed 
that the number of neurons in dentate gyrus, cornu ammonis 1 and 3 in OX group 
(8.147 ± 2.84 × 105, 4.257 ±  0.59 × 105 and 2.133 ± 0.22 × 105, respectively) 
did not differ from those of vehicle control group (7.36 ± 1.42 × 105, 3.521 ± 
± 0.54 × 105 and 1.989 ± 0.46 × 105, respectively). 
Conclusions: These findings suggested that OX treatment induces loss of hip-
pocampal volume without neuronal loss which might help to clarify the mechanism 
by which OX affects cognition and to improve preventive treatment strategies. 
(Folia Morphol 2021; 80, 1: 26–32)

Key words: stereology, hippocampus, oxaliplatin, chemotherapy, rat

INTRODUCTION
Chemotherapy in many cancer types have in-

creased survival times in patients. However, cognitive 
dysfunctions, referred to as “chemobrain”, such as 
impairments in attention and concentration, verbal 
and visual memory and processing speed have been 
reported after systemic chemotherapy [7, 41]. There 
are numerous reports regarding adverse effect of 
different anticancer agents such as methotrexate 

[29, 37, 42, 46], 5-fluorouracil [8, 11], cyclophos-
phamide [9, 36], doxorubicin [23, 27], paclitaxel [19], 
vincristine [5, 35] and cytosine arabinoside [26] on 
cognition in human and animal experimental mod-
els. Chemotherapy agents, which inhibit tumour cell 
proliferation, can also effect on non-tumour cell pro-
liferation in the brain [7].

Oxaliplatin (OX) is a third-generation platinum 
drug which has been widely used alone or with other 

mailto:sadeghinezhad@ut.ac.ir
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chemotherapeutic agents for treatment of colorectal 
cancer and other carcinomas including ovarian, breast 
and lung cancers [34, 40]. It is able to react with 
DNA to create DNA intrastrand adducts, which block 
DNA synthesis and induce apoptosis in cancer cells 
and rapidly dividing cells [43]. OX induces peripheral 
neuropathy [38], crosses the blood–brain barrier and 
accumulates in cerebrospinal and extracellular fluid in 
the brain [17, 18], which indicates that the drug can 
have a direct effect on brain function and structure. 
Treatment with OX has been shown to induce cog-
nitive impairment in laboratory animals [9, 10, 39]. 
Furthermore, cellular damage in the hippocampus 
has been related to the loss of memory function in 
rats following OX administration [4, 7]. Other plat-
inum compounds such as cisplatin, have also been 
reported to produce cognitive dysfunction and central 
neurological problems [28, 48]. 

The hippocampus, as the key structure in learning 
and the formation of memory is an appropriate site 
for investigating the mechanisms involved in some 
of the cognitive problems arisen by the chemother-
apeutic agents [4]. 

Designed-base stereology enables unbiased and 
precise quantitative analysis of three-dimensional 
structures [15]. It is one of the important techniques 
for the morphometrical evaluation of the hippocam-
pus, which contain important information about the 
memory function [14]. The morphometrical features 
of the hippocampus following chemotherapy have 
not been thoroughly investigated using stereology. 
Assessment of the effect of OX on hippocampus vol-
ume using Cavalieri’s method and neuronal number 
in different regions of the hippocampus using optical 
disector/fractionator, as a gold standard for efficient, 
unbiased number estimation in neuroscience, may 
contribute to evaluate the risks of the treatment and 
possibly help improve preventive strategies.

MATERIALS AND METHODS
animals

Ten adult (12–15 weeks) male Wistar rats (Pasteur 
Institute, Tehran, Iran) were used for the experiment. 
Animals were housed in large acrylic cages with free 
access to food and water under controlled light (12 h  
light and dark cycle) and temperature (22 ± 2°C). The 
rats were allowed to acclimatise for 1 week before 
experimentation.

All experimental procedures involving animals in 
this study were conducted in accordance with the 

standard guide for the care and use of laboratory 
animals of the University of Tehran, Tehran, Iran.

Drug administration

Rats were randomly divided into OX-treated and 
vehicle control groups. The rats from OX group re-
ceived 2.4 mg/kg OX dissolved in 5% glucose solution 
(vehicle) for 5 consecutive days per week for 2 weeks 
intraperitoneally (IP) and the vehicle control was ad-
ministrated 5% glucose solution. The chosen dose 
of OX was in accordance with that commonly used 
for neurotoxic evaluation of the agent in previous 
animal studies [4]. 

Tissue sampling and stereological methods

Rats were euthanized 21 days after treatment 
using thiopental (50 mg/kg IP). Then, transcardial 
perfusion fixation of the animals was done using 
10% formalin. The brains were removed and the left 
hemisphere of each animal was fixed in same fixative, 
dehydrated and embedded in glycol methacrylate 
(Technovit 7100, Heraeus Kulzer GmbH, Wehrheim/Ts,  
Germany) according to the manufacturer’s instruc-
tions. 

Embedded brains were cut frontally using a rotary 
microtome with 20 micrometre thickness. Every 20th 
section was collected using the principle of systematic 
uniform random sampling, which is known as the 
section sampling fraction (ssf = 1/20). On average, 
this sampling scheme provided 13 (11–15) sections 
per animal. Sections were mounted, dried and stained 
in Giemsa solution [16]. 

Hippocampal volume and principal cell numbers 
were estimated using StereoInvestigator 10 software 
(MBF Bioscience, Williston, VT, USA). The hippocam-
pus including dentate gyrus (DG) and cornu ammonis 
(CA) were determined in the sections using rat brain 
atlas of Paxinos and Watson (2007) [33]. DGs were 
recognised due to horseshoe-shape with small and 
densely packed neurons. The CA2 region in this study 
was considered as belong to the CA3 region because 
the CA2 is very small and the boundaries between 
these two regions are not detectable. The border 
between the CA3 and CA1 is defined by a small tran-
sition zone between the two regions (Fig. 1) [21].  

Estimation of the volume

Estimation of total volume of the hippocampus 
was done using test points on each section (Fig. 2A). 
The volume was estimated by Cavalieri estimator us-



28

Folia Morphol., 2021, Vol. 80, No. 1

ing the following equation [15]: v = ΣP × ssf × t ×  
× (a/p), where ΣP is the total number of points hit-
ting the structure; ssf (1/20) is the section sampling 
fraction; T (20 µm) is the section thickness and a/p  
(9 × 104 µm2) represents the area per point.

Estimation of the number of neurons

The optical fractionator was used for number 
estimation of pyramidal cells and granular cells in CA 
and DG, respectively. First, the contours of the dentate 
gyrus and the CA1 and CA3 regions were delineated 
at low magnification. Then, selected regions were 
analysed by systematic random sampling at high 
magnification. A known fraction of the each section 
was assessed by moving the microscope motorised 
stage in regular step length in x and y directions and 
applying an unbiased counting frame sized to count 
the neurons of specific region (Fig. 2B). 

For DG, a step length of 180 µm and counting 
frame size of 12 × 12 µm was used, for CA1 a step 
length of 240 µm and frame size of 20 × 20 µm, and 
for CA3 a step length of 190 µm and frame size of  
24 × 24 was applied. The counting frame was fo-
cused through 10 µm of the section thickness, which 
corresponds to disector height. Section thickness was 
measured at every 4–5 sampling location. 

The total number of cells in the granular cells 
(DG) and pyramidal cells (CA1 and CA3) in the left 
hemisphere was calculated using the following for-
mula [6, 32] — N = 1/ssF × 1/asF × 1/hsF × ∑Q–, 
where hsF = h / tQ– for tQ– = ∑ti q

–
i / ∑q–

i, ∑Q–: total 
count of particles sampled; SSF: the section sample 
fraction; ASF: the area sample fraction (frame size/ 
/x, y step length); HSF: the height sampling fraction; 
h: the dissector height (10 µm in this study); tQ–: 
the number-weighted mean section thickness; ti: the 

Figure 1. Histological coronal section of the hippocampus (scale bar = 200 µm) with magnification of the CA1, CA3 and dentate gyrus (scale 
bar = 500 µm). Arrowhead mark boundary between CA1 and CA3.
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section thickness in the ith counting frame with a cell 
count of q–

I in the disector. 

statistical analysis

The coefficient of error (CE) of the volume and 
the number estimates was calculated as previously 
described [13]. T-test was used for statistical analysis. 
A value of p < 0.05 was considered significant.

RESULTS
The results showed that the volume of the hip-

pocampus was significantly decreased after OX 
treatment compared with the vehicle control group 
(p < 0.05). The related volume of hippocampus in 

OX-treated and vehicle control group was 31.84 ±  
± 1.24 mm3 and 36.95 ± 3.48 mm3, respectively  
(Table 1). The number of neurons in DG, CA1 and CA3 
did not show any significant difference between the 
two groups. The neuronal number of DG, CA1 and CA3 
in the OX-treated group was estimated to be 8.147 ±  
± 2.84 × 105, 4.257 ± 0.59 × 105 and 2.133 ± 0.22  
× 105, respectively, while the related neurons in vehicle 
control group accounted 7.36 ± 1.42 × 105, 3.521 ±  
± 0.54 × 105 and 1.989 ± 0.46 × 105, respectively 
(Table 1). The CE2/CV2 ratios (Table 1) are typically  
> 0.5 indicating that group variances are dominated by 
the inter-animal differences with only minor contribu-
tions of measurement variance to the group variance.

Figure 2. Stereological method for estimating hippocampal volume and neuronal number; A. Example of a point grid on histological section of 
the hippocampus. The total number of points hitting the whole hippocampus was counted; B. Example of a unbiased counting frame used for 
optical dissector method. The cells which their nucleolus came into focus within dissector’s height if they were completely inside the count-
ing frame or touched the accepted lines (green lines) were counted. Here one neuron (asterisk) was counted (scale bar = 200 µm). 

A

B
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DISCUSSION
The hippocampus is pivotal for learning and the 

formation of memory in the brain. Since the hip-
pocampus shows various forms of plasticity, including 
the formation of new nerve cells in adult animals, 
it may be affected by the chemotherapeutic drugs 
leading to cognitive deficit [25]. 

In the present study, stereological techniques were 
used for the quantification of volume and number of 
neurons of the hippocampus following OX treatment in 
rat. The results of the current experiment demonstrated 
that treatment with OX caused a reduction in total vol-
ume of the hippocampus. Considering that oxaliplatin 
penetrates the blood brain barrier and accumulates in 
the brain [17, 18], an effect on the hippocampus is 
plausible and may explain memory impairment and 
other cognitive dysfunctions that have been found in 
previous studies using behavioural tests [9, 10, 39]. 

Similar to our results, magnetic resonance imaging 
(MRI) studies showed a reduced hippocampus volume 
in breast cancer survivors exposed to chemotherapy  
[1, 3, 22]. In contrast, Yoshikawa et al. [47] found no ad-
verse effects of adjuvant chemotherapy on hippocam-
pal volume in Japanese breast cancer survivors, using  
MRI. They implied that brain regions other than the 
hippocampus, such as the prefrontal cortex, might be 
involved in memory impairment after chemotherapy.

The neuron numbers did not show any significant 
loss of either granular cells of the DG or pyramidal 
cells of the CA1 and CA3 following OX treatment in 
rat. OX has been reported to induce apoptotic path-
way in hippocampus with increasing caspase-3 and 
caspase-9 [4]. Cyclophosphamide chemotherapy has 
been suggested to suppress hippocampal neurogen-
esis and interrupt hippocampal function in mice [45]. 
Methotrexate also showed inhibition of the formation 
of immature neurons in the hippocampus [12, 44]. It 
is interesting that although hippocampal neuronal loss 
has been explained well in Alzheimer diseases, Joelving 

et al. [20] did not find any significant loss of neuron 
in Parkinson’s disease. Korbo et al. [24] also reported 
no loss of hippocampal neurons in non-Alzheimer 
dementia.

It should be mentioned that reduction in the 
number of neurons is not the only mechanism that 
affect neuronal function. Structurally, decreasing 
dendritic branching or losing synapses may impair 
neuronal function without neuronal loss [1]. Changes 
in hippocampal transmitters and signal transduction 
pathways are other mechanisms that may disturb 
hippocampal function [30, 31]. These findings sug-
gest that cognitive disorders may be associated with 
a variety of changes that may not necessarily include 
a change in neuronal cell number [20]. 

It is important to note that the estimating neuron 
number based on two-dimensional counting is po-
tentially biased. In our study, the potential bias was 
avoided by the use of the optical fractionator, which 
is a combination of fractionator sampling and the 
optical disector principle. This unbiased stereological 
method is not influenced by tissue deformation like 
shrinkage or swelling. Importantly, it is also unaf-
fected by changes in the shape or size of the cells 
that are being counted. The optical fractionator is 
the gold-standard method for estimating number 
of neurons [14, 24].

CONCLUSIONS
This study is the first description of an effect of 

oxaliplatin on the rat hippocampus using stereology. 
In conclusion, the results of the present study showed 
that OX treatment induces a decrease of hippocampal 
volume without neuronal loss. These findings might 
help to clarify the mechanism by which OX affects 
cognition by crossing the blood-brain barrier and 
accumulating in cerebrospinal and extracellular fluid 
in the brain and promote the development of treat-
ment strategies that minimise cognitive side effects. 

Table 1. Estimated hippocampal volume and neuron number

OX-treated group Vehicle treated group P

Mean ± SD CE CV Mean ± SD CE CV

Total volume [mm3] 31.84 ± 1.24a 0.02 0.03 36.95 ± 3.48b 0.02 0.09 0.01

Granular cell number [105] 7.36 ± 1.42 0.11 0.19 8.147 ± 2.84 0.11 0.34 0.69

Pyramidal cell number in CA1 [105] 3.521 ± 0.54  0.11 0.15 4.257 ±  0.59 0.1 0.13 0.19

Pyramidal cell number in CA3 [105] 1.989 ± 0.46 0.12 0.23 2.133 ± 0.22 0.12 0.1 0.33

Mean ± standard deviation (SD) of hippocampal volume and neurons from one hemisphere (5 animals in each group) estimates with CE (= SEM/mean; inter-animal coefficient of error) 
and CV (= SD/mean; observed inter-animal coefficient of variation). Different superscript letters in the same rows indicate a significant difference, p < 0.05. 

http://www.ncbi.nlm.nih.gov.sci-hub.tw/pubmed/15980995
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Background: The aim of this study was to determine the normal reference values 
for olfactory sulcus depth, olfactory tract length and olfactory bulb volume in 
the paediatric population with routine magnetic resonance imaging (MRI) and 
determine the relationship, if any, between these values and patient sex and age.
Materials and methods: Ninety patients with a median age of 8 years (age range: 
3–17 years), consisting of 45 males and 45 females with normal brain MRI scans 
were evaluated. The patients were divided into three subgroups based on age 
range, with n = 30 per subgroup; group 1: young children (3–6 years), group 2:  
children (7–11 years) and group 3: adolescents (12–17 years). In the cranial MRI 
examination of all groups, the right, left and total olfactory bulb volume values 
were measured in mm3, the right and left olfactory tract length values and the 
right and left olfactory sulcus depth values were calculated manually in mm. 
Demographic data including sex and age were recorded.
Results: There was no significant difference between the age groups in terms of 
sex. Right-left olfactory sulcus depth; right-left olfactory tract length and right-left 
total olfactory bulb volume values increased significantly when they are compared 
in terms of age groups (p < 0.0001, = 0.028; < 0.0001, < 0.0001; < 0.0001, 
< 0.0001; < 0.0001, respectively). There was no significant difference between 
right and left olfactory tract length and olfactory bulb volumes in all groups  
(p = 0.792 and p = 0.478), but the right olfactory sulcus depth was significantly 
larger than the left (p = 0.003).
Conclusions: Especially as the age progresses, olfactory tract length and olfactory 
bulb volume dimensions of olfactory nerve and olfactory sulcus depth should be 
checked during diagnosis of respective illnesses in paediatric population. (Folia 
Morphol 2021; 80, 1: 33–39)

Key words: olfactory sulcus depth, olfactory bulb volume, olfactory tract 
length, magnetic resonance imaging
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INTRODUCTION
The literature shows that disorders of the olfacto-

ry system may be related to many diseases, such as 
sinonasal disease [14], allergic rhinitis [19], infections 
[15], trauma [15], epilepsy [8], Behcet’s disease [6], 
migraine [2], idiopathic olfactory loss [15] or disrup-
tions such as gastric excretion in the context of normal 
digestive physiology [6]. Therefore, determining the 
anatomical features of olfactory nerve can be very 
important as it has clinical relevance in the diagnostic 
process for a clinician. 

In this context, the dimensions of olfactory sulcus 
depth (OSd), olfactory tract length (OTl) and olfactory 
bulb volume (OBv) can be evaluated radiologically. It 
has been shown in previous studies that magnetic res-
onance imaging (MRI) is a reliable method to perform 
measurements of the olfactory system [10, 11]. The 
olfactory system was first defined on MRI by Suzuki 
et al. [16]. Later, in 1998, the standard OBv measure-
ment method on MRI was developed by Yousem et al. 
[18]. It is not always possible to visualise OT on MRI 
[12, 16]. The measurement of OTl by using MRI was 
first performed in a 1989 study [16]. The illustration 
of olfactory structural elements is shown in Figure 1.

In the literature, studies on the structures con-
stituting the olfactory system are mostly focused on 
the adult population, while radiological studies on 
the paediatric population are limited. To the extent 
of our knowledge, there is not any study presenting 
OBv, OSd, and OTl dimensions in paediatric popula-
tion extant in the literature. Therefore, this study was 
planned to determine the normal reference values of 
these structures by measuring OBv, OSd, and OTl from 
MRI studies in a healthy paediatric population and to 
present the findings to the literature.

MATERIALS AND METHODS
Sample size calculation

G*Power statistical package was used to deter-
mine the exact number of cases to be used for anal-
ysis. The parameters were determined as follows: 
effect size = 0.4, type I error = 0.05, power = 0.80, 
df = 6. The total n number was determined as 92. 

Subjects

Two hundred eighty-six MRI images were exam-
ined at baseline in the present study. One hundred 
thirty-three images were excluded as they did not 
meet the inclusion criteria, and 63 images were ex-
cluded due to artefacts (Fig. 2). Finally, 90 patients 

with MRI images meeting inclusion criteria for normal 
brain MRI taken from January 2016 to December 2018 
were analysed. Patients were considered normal if 
they had no history of brain trauma, MRI evaluation 
did not demonstrate sinonasal or brain disease, had 
no upper respiratory tract infection symptoms; there 
was no drug use and no environmental exposure that 
may cause loss of smell. Ethics committee approval 
was obtained from Adiyaman University Non-Inter-
ventional Clinical Research Ethics Board with the num-
ber of 2019/1-11. All procedures of this retrospective 
study were applied according to the principles of the 
Declaration of Helsinki. “Informed consent” was not 
obtained from parents as the study was retrospective. 
Patients included in the study were presented anon-
ymously. The images were obtained retrospectively 

Figure 1. Anatomical radiological image of coronal plane (magnetic 
resonance imaging). Medial orbital gyrus (red area), gyrus rectus 
(green area), olfactory sulcus (blue area) and olfactory bulb (brown 
area) are shown in the illustration side.

Figure 2. Consort flow diagram.
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Not meetig inclusion criteria (n = 133)
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from the archives of the Adiyaman University Faculty 
of Medicine Department of Radiology.

The clinical evaluation of all subjects included as-
certainment of personal and family history as well 
as physical and neurological examination in order to 
exclude any possible cause of smell dysfunction. Pa-
tients with normal reports for non-enhanced brain MRI 
were included in the study. Patients with pathologic 
MRI findings like hydrocephalus, tumour, white matter 
abnormalities, haemorrhage, infarcts, atrophy and 
cortical dysplasia that have been treated in hospital 
were excluded. Metabolic, endocrine, neurological and 
psychiatric diseases were not included in the study.

Following admission, patients were divided into 
three groups according to age range as follows: group 1:  
young children (3–6 years), group 2: children (7–11 
years) and group 3: adolescents (12–17 years).

Mri protocol

A single radiologist with more than 10 years’ 
experience re-evaluated MRI images. The operator 
was blinded throughout the procedure until rando-
misation, in order to avoid possible influence in the 
measurement process. The MRIs were performed 
using a 1.5 T system (Achieva; Philips Medical Sys-
tems, Best, Netherlands) using a head coil. Contrast 
material was not utilised. These images were used for 
volumetric and morphologic measurements. Coronal 
images, balanced fast-field echo three-dimensional 
(3D) T2 weighted images (TR: 6.5 ms; TE: 3.4 ms; 
field of view [FOV] 180 × 180 mm; number of signal 
acquisitions [NSA] = 2; slice thickness = 1 mm; slice 
gap = 0.5 mm; number of slices = 75; matrix = 308 ×  
× 308 mm), sagittal images 3D T1 turbo field echo 
weighted images (TR: 8.2 ms; TE: 4.0 ms; FOV: 140 ×  
× 156 mm; NSA = 4; thickness = 1.2 mm; slice gap =  
= 0.5 mm; number of slices = 40; matrix = 252 × 
× 278 mm) were obtained.

Image analysis 

Bilateral OSd, OBv and OTl were measured in all 
patients. The olfactory bulb was observed as a hypoin-
tense ovoid structure surrounded by hyperintense cer-
ebrospinal fluid in T2-weighted series. Sections were 
obtained at a right angle to the cribriform plate. The 
volume measurements were obtained semi-automat-
ically using multiplanar reconstructions in a View 3D 
workstation and manual segmentation based on the 
contour stack principle. OBv was calculated in mm3 
(Figs. 3, 4). OSd was evaluated in coronal T2 weight-

ed series. A virtual tangent line was drawn from the 
lower end of the medial orbital gyrus, connecting to 
the lower end of the gyrus rectus in the posterior sec-
tions of both eyeballs. This virtual tangential line that 

Figure 3. A coronal T2-weighted image showing the right and left 
olfactory bulb as a hypointense ovoid structure (blue arrows). Hy-
perintense area (red arrows) (olfactory sulcus) is shown between 
the medial orbital gyrus (white star) and gyrus rectus (blue star). 
The virtual line that connects the medial orbital gyrus to gyrus  
rectus is shown with orange line.

Figure 4. Semi-automatic measurement of the olfactory bulb 
volume using manual segmentation and multiplanar reformations 
in the three-dimensional workstation. The olfactory bulb is shown 
in blue on both sides and the volumes are given in mm3. Olfactory 
sulcus are shown as red lines and the measurements are  
given in mm.
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passes from the deepest part of the olfactory sulcus 
was connected by free drawing in the cranio-caudal 
plane to calculate the depth of the OS and recorded 
in millimetres (Fig. 4). All the measurements were 
performed by an individual who was blinded to the 
patient diagnoses. OTl was measured from the area 
where the nerve tracing was best visualized on the 3D  
T1-weighted sagittal images and recorded in mm (Fig. 5).  
The illustration of olfactory structural elements was 
performed with the Procreate application (Fig. 1).

statistical analysis

SPSS Statistics v. 21.0 (IBM Corp. Released 2012. 
IBM SPSS Statistics for Windows, Version 21.0. Ar-
monk, NY) software was used for statistical analysis. 
Categorical data were expressed as number and per-
centage; nonparametric numeric data were expressed 
as median, minimum and maximum while parametric 
numeric data were expressed as mean and standard 

deviation. The Shapiro-Wilk test was used to evaluate 
the distribution of numerical data. The Mann-Whitney 
U was used to evaluate the relationship between sex 
and OSd and OTl, while Student’s t-test was used to 
evaluate the relationship between sex and OBv. The 
Kruskal-Wallis test was used to assess the relationship 
between OSd and OTl in the age groups, and pairwise 
comparison was used to assess the group that causes 
the difference in statistically significant patients. The 
relationship between age groups and OBv was ana-
lysed by the ANOVA test and the Bonferroni test was 
used to evaluate the pairwise comparisons between 
the groups.

RESULTS
A total of 90 patients aged between 3 and 17 

years (median: 8 years) were included in the study. 
Forty-five (50%) of the patients were female and 
45 (50%) were male. When compared according to 
age, the right and left OSd and OTl values increased 
significantly as the mean age increased (p < 0.0001, 
p = 0.028 and p < 0.0001, p < 0.0001, respectively). 
Right, left and total OBv values increased significantly 
as the mean age of the group increases. (p < 0.0001, 
p < 0.0001, p < 0.0001). The OSd, OBv and OTl data 
according to the age group are summarised in Table 1.

No statistically significant relationship was found 
between OSd, OTl and OBv values in terms of sex 
(Table 2).

There was no significant relationship between 
right and left OTl and OBv values when all age groups 
were included and compared pairwise; while right 
OSd was found to be significantly increased compared 
to left (p = 0.003).

The group that causes the difference was assessed 
based on pairwise comparisons between the age 
groups. When the first and third groups were com-

Figure 5. A sagittal T1-weighted image showing the boundaries of 
the right olfactory tract (white arrows). The mid-portion of the tract 
is indicated by a star. 

Table 1. Olfactory sulcus depth (OSd), olfactory tract length (OTl) and olfactory bulb volume (OBv) values according to age groups (n = 90)

Right OSd [mm] Left OSd [mm] Right OTl [mm] Left OTl [mm] Right OBv [mm3] Left OBv [mm3] Total OBv [mm3]

All groups 8.85
(6–13.6)

8.8
(1.8–16)

23.95
(16.6–39.8)

23.4
(16–39.2)

66.15
(32.7–99.6)

66.2
(31.8–98.3)

133.55
(70–197.9)

Group I
(3–6 years) 

8.45
(6.9–10.8)

8.25
(5.1–10.8)

20.4
(16.6–28.3)

20.85
(16–25)

54.7
(33–77)

49.3
(31.8–88.8)

99.75
(70–152.8)

Group II
(7–11 years) 

8.8
(6–11.3)

8.3
(5.5–11)

24.3
(18.3–28.7)

25.8
(16.7–39.2)

66.45
(32.7–84)

66.05
(37.8–88)

131.65
(77.1–170)

Group III
(12–17 years) 

10.3
(7.5–13.6)

9
(1.8–16)

25.9
(18.7–39.8)

24.45
(19.7–34.6)

78.05
(38.3–99.6)

78.35
(44.9–98.3)

157.6
(83.2–197.9)

p < 0.0001* 0.028* < 0.0001* < 0.0001* < 0.0001** < 0.0001** < 0.0001**

*Kruskal–Wallis test; **ANOVA test; data are shown as mean (minimum–maximum)
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pared, a statistically significant difference was observed 
in all values increasing with age. Pairwise comparisons 
between age groups are presented in Table 3.

Correlation analysis revealed a positive correlation 
between age and all measurements. Correlation scat-
ter plots are shown in Figure 6.

DISCUSSION
The evaluation of the olfactory system using MRI 

has previously been performed in the presence of 
many diseases, but most studies to date have focused 
on the adult population [4]. In a study including 
healthy individuals aged between 19–76 years as-
sessing standard OBv values, the mean value for right 
OBv was found to be 41–97 mm3, while the mean 
value for left OBv was found to be 37–98 mm3 [4]. 
Buschhuter et al. [4] also emphasized that, the OBv 
values of males were larger compared to females 
and the mean decrease with age was equal in both 
sexes. In the present study, OBv values did not show  
a significant difference in terms of sex. Rombaux et al. 
[13] reported the minimum OBv value was 58 mm3 for 
individuals under 45 years. It was stated that it should 
be 46 mm3 for over 45 years of age. Yousem et al. [18]  

stated that OBv value increased up to 4th decade and 
decreased with increasing age. Although present 
study included paediatric age groups, it was found 
that OBv values increased with age and the results are 
in parallel with the current literature. Suzuki et al. [16] 
found that the mean length of the OT was found to 
be 25 mm. They reported that MRI is an appropriate 
method for imaging the OT, but it was difficult to 
evaluate this structure in axial sections [16]. In the 
present study, OTl measurements were performed on 
sagittal sections. The current measurement method 
can be easily applied by physicians in clinical practice, 
and assessment only takes a short time. 

There may be differences between right and left 
OBv values in humans. Therefore, measurements are 
made bilaterally [17]. Since OBv is a volumetric value, 
the total OBv value is calculated as the sum of right 
and left OBv [5]. In our study, a similar method was 
used: right, left and total OBv values were calculated 
separately. In a different study, the right OSd was found 
to be deeper than the left [9]. In addition, some clinical, 
electrophysiological and neuroimaging studies have 
emphasized that the right hemisphere has a greater 
role in the sense of smell than the left hemisphere [9]. 
The difference between olfactory structural elements 
found in these studies may be due to the right hemi-
sphere dominance in the olfactory sense. In our study, 
no significant difference was found between the right 
and left sides in terms of OBv and OTl values, but the 
right OSd was significantly deeper than the left. This 
result can be explained by the fact that the cerebral 
cortex (medial orbital gyrus and gyrus rectus) forming 
the olfactory sulcus is more dominant on the right.

In the literature, we did not find any other study in 
which normal values of these structures were present-
ed by MRI imaging of olfactory structural elements in 
a healthy paediatric population. In our study, OBv, OSd 
and OTl values increased significantly with age. This 
result reflects the neurodevelopmental integrity of all 

Table 2. Olfactory sulcus depth (OSd), olfactory tract length 
(OTl) and olfactory bulb volume (OBv) values according to sex 
(n = 90)

Male Female P

Right OSd [mm] 8.8 (6–12.2) 8.8 (6.4–13.6) 0.381*

Left OSd [mm] 8.8 (1.8–10.8) 8.7 (5.6–16) 0.984*

Right OTl [mm] 24 (17.6–39.8) 23.7 (16.6–28.7) 0.103*

Left OTl [mm] 23 (16–39.2) 23.6 (16.8–29.8) 0.904*

Right OBv [mm3] 64 (32.7–94.5) 67.1 (33–99.6) 0.656**

Left OBv [mm3] 65.3 (33.8–90.1) 72 (31.8–98.3) 0.154**

Total OBv [mm3] 128 (77.1–184.6) 136 (77.1–184.6) 0.324**

*Mann–Whitney U Test; **Student’s T-test; data are shown as mean (minimum–ma-
ximum)

Table 3. Comparison of age groups with olfactory sulcus depth (OSd), olfactory tract length (OTl) and olfactory bulb volume (OBv)  
(p values)

Right OSd* Left OSd* Right OTl* Left OTl* Right OBv** Left OBv** Total OBv**

Group I/Group II
(3–6 y/7–11 y)

1 1 0.003 < 0.0001 0.41 0.002 0.005

Group I/Group III
(3–6 y/12–17 y)

< 0.0001 0.031 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001

Group II/Group III
(7–11 y/12–17 y)

0.012 0.152 0.623 1 0.002 0.014 0.002

*Pairwise comparison (Kruskal Wallis test); **Post-hoc analysis (Bonferroni correction); y — years
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three structures in the paediatric population. In one 
study, patients with OSd below 4 mm did not develop 
bilateral olfactory bulbs and olfactory tract aplasia [1]. 
This result also supports neurodevelopmental integrity 
between these structures. The olfactory sulcus is an 
anatomical structure formed by the maturation of the 

medial orbital gyri and gyrus rectus, so the structural 
elements that make up the olfactory system are not 
only part of a pure sensory component but can also 
be a neuroanatomic indicator of cortical function.

OBv and OSd measurements have been used to 
structurally evaluate the effect of olfactory system 

Figure 6. Scatter plots showing the correlation between age and olfactory tract length (OTl), olfactory sulcus depth (OSd), and olfactory bulb 
volume (OBv).
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in many patients such as isolated congenital anos-
mia, chronic sinusitis related olfactory dysfunction, 
post-traumatic, post-infective olfactory dysfunction, 
epilepsy, migraine, multiple sclerosis, and chemother-
apy-related conditions in children [7, 8, 19]. Studies 
have shown that olfactory structural elements are 
affected in many of the aforementioned diseases. 
Most of the diseases and conditions mentioned above 
are also common in paediatric patients.

Olfactory maturation can give information about 
cerebral maturation. Hypoplasia and aplasia can be 
seen in olfactory structures in some diseases such as 
Kallman syndrome, CHARGE (coloboma, heart de-
fects, choanal atresia, retarded growth and develop-
ment, genital hypoplasia, ear abnormalities, and/or 
hearing loss defect) syndrome, and cranio-telence-
phalic dysplasia [3, 12]. The olfactory system may be 
affected by certain diseases such as hypoxic ischae-
mic encephalopathy, cerebral palsy, some paediatric 
endocrine and metabolic diseases, and kernicterus. 
In these diseases, reference values will be needed 
to evaluate the olfactory system. We hope that our 
study will contribute to the literature on this matter.

Limitations of the study

There are some limitations in this study. Olfactory 
function could not be assessed because of retro-
spective design. Information about the health of 
the patients was obtained only from the records. 
The number of patients in the groups was small in 
our study. A limitation of this study is the difference 
between determined and recruited n number of the 
cases. The total n number was determined as 92 but 
only 90 patients were able to access the data. Meas-
urements were performed by a single radiologist and 
reliability between measurements was not assessed.

CONCLUSIONS
In conclusion, the present study gives reference 

values in terms of age-related normal values in chil-
dren. These normative data can help to evaluate the 
olfactory sulcus depth, olfactory tract length and 
olfactory bulb volume in many diseases in children.
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Background: Diffusion tensor imaging (DTI) is the imaging technique used in vivo 
to visualise white matter pathways. The cortico-spinal tract (CST) belongs to one of 
the most often delineated tracts preoperatively, although the optimal DTI method 
has not been established yet. Considering that various regions of interests (ROIs) 
could be selected, the reproducibility of CST tracking among different centres is 
low. We aimed to select the most reliable tractography method for outlining the 
CST for neurosurgeons.
Materials and methods: Our prospective study consisted of 32 patients (11 males,  
21 females) with a brain tumour of various locations. DTI and T1-weighed image 
series were acquired prior to the surgery. To draw the CST, the posterior limb 
of the internal capsule (PLIC) and the cerebral peduncle (CP) were defined as 
two main ROIs. Together with these main ROIs, another four cortical endpoints 
were selected: the frontal lobe (FL), the supplementary motor area (SMA), the 
precentral gyrus (PCG) and the postcentral gyrus (POCG). Based on these ROIs, 
we composed ten virtual CSTs in DSI Studio. The fractional anisotropy, the mean 
diffusivity, the tracts’ volume, the length and the number were compared between 
all the CSTs. The degree of the CST infiltration, tumour size, the patients’ sex and 
age were examined.
Results: Significant differences in the number of tracts and their volume were 
observed when the PLIC or the CP stood as a single ROI comparing with the two-
ROI method (all p < 0.05). The mean CST volume was 40054U (SD ± 12874) 
and the number of fibres was 259.3 (SD ± 87.3) when the PLIC was a single ROI. 
When the CP was a single ROI, almost a half of fibres (147.6; SD ± 64.0) and half 
of the CST volume (26664U; SD ± 10059U) was obtained (all p < 0.05). There 
were no differences between the various CSTs in terms of fractional anisotropy, 
mean diffusivity, the apparent diffusion coefficient, radial diffusivity and the tract 
length (p > 0.05). The CST was infiltrated by a growing tumour or oedema in 17 of  
32 patients; in these cases, the mean and apparent diffusion of the infiltrated  
CST was significantly higher than in uncompromised CSTs (p = 0.04). CST infil-
tration did not alter the other analysed parameters (all p > 0.05).
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INTRODUCTION
A neurosurgeon’s objective is to achieve maximal 

tumour resection without producing new neurological 
defects [24, 29]; this includes preserving the corti-
co-spinal tract (CST). The CST is a white matter bundle 
that together with corticobulbar tract composes the 
pyramidal tract and if damaged it may lead to post-
operative paresis [6]. Proper preoperative visualisation 
of the CST and its integration via an intraoperative 
neuronavigation system could potentially preserve 
neurological function and simultaneously increase the 
resection rate [4, 24]. However, several technical obsta-
cles underlie correct delineation of the CST, including: 
knowledge of an individual’s topographical anatomy, 
a physician’s experience and the degree of destruction 
of the neuronal pathway through the tumour [14, 21]. 

Magnetic resonance imaging (MRI) scans are rou-
tinely acquired when planning brain tumour surgery. 
Yet, they provide only general information about the 
brain’s pathology and the surrounding structures. 
Diffusion tensor imaging (DTI) — which provides  
a quick and non-invasive method for visualising struc-
tural changes of the white matter — can be used for 
visualisation of the CST [10, 12]. This technique not 
only plays an important role in neurosurgical planning 
but may predict the extent of safe resection [1, 22, 
27]. However, physicians currently select various re-
gions of interest (ROI) to draw the CST as the optimal 
DTI-derived method to estimate the course of the CST 
has not yet been established [11]. Due to this lack of 
standardisation the reliability of tracking the CST in 
different centres remains low [21]. 

Our aim was to determine the optimal DTI-derived 
method to reconstruct the CST as well as to verify 
if a single ubiquitous method exists. To accomplish 
this, we compared CST tracking as determined by 
various ROIs.

MATERIALS AND METHODS
Patients 

Thirty-two patients with a brain tumour invad-
ing the CST were prospectively collected (11 males,  

21 females; age 27–81 years, mean ± standard devi-
ation (SD) and median age: 53.4 ± 17.1/53.5). These 
patients were treated at the Neurosurgery Depart-
ment in Gdańsk, Poland, from 2016 to 2019. The pro-
tocol of the study was approved by the local bioethi-
cal committee, permission number: NKBBN/65/2019.

Image acquisition

All patients had a preoperative MRI with a DTI 
sequence preformed on a 1.5T Siemens Magnetom 
Aera scanner (Erlangen, Siemens Medical Solutions, 
Erlangen, Germany) which was equipped with  
a 20-channel head coil. The standard imaging protocol 
for brain tumours covered T1, T2-weighed sequences 
and T1-weighed post-gadolinium which served as  
a neuronavigational sequence. Diffusion-weighted 
imaging (DWI) was obtained using: three repetitions 
of 20 directions, a b-factor of 1000 s/m2, a slice thick-
ness of 5.0 mm, a 128 × 128 matrix, a 240 × 240 mm 
field-of-view, a repetition time of 3500 ms, and an 
echo time of 83.0 ms. A multivariate linear fitting was 
used to calculate the orientation for a single voxel. The 
largest eigenvalue denoted the ultimate fibre direc-
tion. A total of 60 diffusion sampling directions were 
acquired. The in-plane resolution was 1.95313 mm.  
The slice thickness was 2 mm. The diffusion tensor 
was calculated and a deterministic fibre tracking al-
gorithm was used [28]. The angular threshold was 
90 degrees. The step size was 0.977 mm. Diffusion 
images were processed and all the analyses were 
conducted using DSI Studio (dsi-studio.labsolver.org). 
We calculated the fractional anisotropy (FA), the mean 
diffusivity (MD) and the apparent diffusion coefficient 
(ADC). The anisotropy threshold was determined au-
tomatically by the software. The fibre trajectories 
were smoothed by averaging the propagation direc-
tion with 30% of the previous direction. Tracks with 
a length less than 30 mm were discarded. A total of 
15000 tracts were calculated. When reconstructing 
the CST, we obtained tract statistics, including: the 
number of tracks, the mean length, the volume of 
the CST, the FA, the AD, and the MD values. The ROI 

Conclusions: A universal method of DTI of the CST was not developed. However, 
we found that the CP or the PLIC (with or without FL as the second ROI) should 
be used to outline the CST. (Folia Morphol 2021; 80, 1: 40–46)

Key words: diffusion tensor imaging, diffusion tensor tractography, 
tractography, corticospinal tract, pyramidal tract, glioma surgery, 
neurosurgery
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was selected according to brain landmarks that the 
CST passed through and the anatomical automatic 
atlas provided by DSI-Studio. Hence, we verified again 
all patients and tested methods which were used for 
drawing CST by other researchers. 

After reviewing recent methods of DTI of the CST, 
we utilised two basic types of ROIs to outline the CST 
[4, 11, 13, 14, 19, 21, 29]. Two main ROIs were des-
ignated as “start points”: the cerebral peduncle (CP) 
and the posterior limb of internal capsule (PLIC). The 
following were established as “end points”: the pre-
central gyrus (PCG), the postcentral gyrus (POCG), the 
supplementary motor area (SMA) and the frontal lobe 
(FL). By mixing and matching various combinations 
of the start point and the end point we obtained ten 

different CSTs for analysis. An example is illustrated 
on Figure 1.

RESULTS
The CST was reconstructed by 10 different al-

gorithms for each of the 32 patients in the study, 
resulting in a total of 320 outlines of the CST. The 
fibres were visualized with DSI-studio to show the 
anatomical validity of the reconstruction results and 
we overlay the CST fibres bundles with the FA im-
age. Although the CST was outlined in every patient,  
a few selected variables could not be calculated due 
to unknown internal software error(s). The average 
number of tracts that were obtained with the ten 
algorithms are summarised in Table 1.

Table 1. A summary of the average values of the number of tracks of ten corticospinal tracts obtained by a combination of various 
region-of-interests

ROI Number of tracts

Number Mean Median Minimum Maximum SD

CP 32 147.5625 144.5000 22.0000 309.0000 64.01257

CP_preCG 31 31.3548 24.0000 0.0000 211.0000 40.43888

CP_postCG 32 15.1250 12.0000 0.0000 63.0000 15.14819

CP_SMA 32 12.7500 10.0000 0.0000 46.0000 13.77000

CP_FL 32 71.1563 71.0000 3.0000 161.0000 41.26321

PLIC 32 259.2500 248.5000 126.0000 487.0000 87.34581

PLIC_preCG 32 42.3438 39.0000 1.0000 110.0000 27.32199

PLIC_postCG 32 24.0938 22.0000 2.0000 88.0000 20.76654

PLIC_SMA 32 22.4062 18.5000 0.0000 89.0000 21.31614

PLIC_FL 32 115.5938 111.0000 0.0000 287.0000 65.03640

ROI — region of interest, CP — cerebral peduncle, preCG — precentral gyrus, postCG — postcentral gyrus, SMA — supplementary motor area, FL — frontal lobe, PLIC — posterior limb 
of internal capsule; SD — standard deviation

Figure 1. A graphic representation of different ways of drawing the cortico-spinal tract, where its course is determined by various regions of 
interest; A–E. Cerebral peduncle (CP, violet); F–J. Posterior limb of internal capsule (PLIC, red). A. Only CP; B. CP and frontal lobe (green);  
C. CP and precentral gyrus (yellow); D. CP and postcentral gyrus (white); E. CP and supplementary motor area (blue). F. Only PLIC; G. PLIC and  
frontal lobe (green); H. PLIC and precentral gyrus (yellow); I. PLIC and postcentral gyrus (white); J. PLIC and supplementary motor area (blue).
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A significantly higher volume (40054U; SD ±  
± 12874U) and number of CST tracts (259.3; SD ± 
± 87.3) were obtained when a single ROI was set at 
the PLIC comparing to all other ROIs (all p < 0.05). In 
contrast, almost 50% less fibres (147.6; SD ± 64.0) 
and volume (26664U; SD ± 10059U) was achieved 
when the CP was set as the ROI (both p < 0.05) rather 
than the PLIC. Altogether, the PLIC and CP as start-
ing points comprised a 6.1-fold and 4.7-fold greater 
number of fibres, respectively than the most common 
anatomical course of the CST (first ROI set at CP or 
PLIC, and the cortical ROI set at the precentral gyrus 
[preCG]; p < 0.01).

Setting the FL as the endpoint ROI yielded the high-
est number of tracts (PLIC and FL: 115.6; SD ± 65.0) and 
the highest tract volume (CP and FL: 71.1; SD ± 41.3).

There were no significant differences between the 
various CSTs in terms of the mean diffusion parame-
ters (FA, MD, apparent diffusion and radial diffusivity) 
and mean tract length. However, all these values were 
insignificant when the SMA was set as a ROI (Fig. 2).

Seventeen of the 32 patients (53.1%) with preop-
erative hemiparesis had a brain tumour or oedema 
which infiltrated the CST. Even though the degree 
of infiltration on the CST was not evaluated, the FA, 
the number of tracts and the tract volumes did not 
differ between the CSTs drawn in ten configurations 

of the ROIs (all p > 0.05). However, in patients with 
CST infiltration through the CP, the MD and the ap-
parent diffusion (AD) was significantly higher than 
in patients without tract infiltration (p = 0.04). This 
may result from the tumour infiltrating not only the 
CST but other fibres which are drawn only when the 
CP is selected as a single ROI. The higher AD was also 
observed when the postcentral gyrus was added as 
an additional ROI to the PLIC (p = 0.03). This patient 
group was mostly diagnosed high grade glioblastoma 
or oligodendroglioma located by the left fronto-pari-
etal lobe, which may explain the finding.

As seen on part D and E on Figure 2, we compared 
the FA and MD values of the CST between the two 
brain hemispheres and the patient’s sex, yet neither 
hemisphere yielded significantly different values (all 
p > 0.05). However, patients older than 55 years had 
a significantly higher MD when the CST was traced 
from a start point ROI (p = 0.031), an endpoint ROI 
2 (0.036) and a start point ROI with an end point in 
the FL (p = 0.013). All the statistics comparing the 
10 methods of tracking the CST are presented on 
Supplementary Table 1 (see journal website) (Fig. 3).

DISCUSSION
We found that while there is no universal way of 

determining the CST, the CP or the PLIC should be 

Figure 2. The illustration summarises the findings when using 10 different methods of outlining the corticospinal tract, including the mean;  
A. Number of tracts; B. Tract volume; C. Tract length; D. Fractional anisotropy (FA); E. The mean diffusivity (MD); PLIC — posterior limb of 
internal capsule, CP — cerebral peduncle, preCG — precentral gyrus, postCG — postcentral gyrus, SMA — supplementary motor area,  
FL — frontal lobe.
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exclusively used as the starting point ROI — regardless 
of whether the FL is used as the second ROI. This infor-
mation is invaluable to neurosurgeons as it empowers 
them to obtain the most optimal view of the CST 
using DTI. Allowing a surgeon to better understand 
the spatial orientation between the tumour and the 
CST fibres may help preserve the CST and therefore 
minimize the risk of postoperative paresis; since the 
CST directs the movement of the limbs and the trunk 
[17]. To the best of our knowledge our findings are 
novel as our study is the first to compare the various 
DTI techniques regarding the CST.

It is an established issue that a long fibre bun-
dle may not be recognised as a real fibre. Chenot 
proved that by using standard ROIs (i.e. PLIC and 
CP) we obtain a CST far beyond the primary motor 
cortex [6]. They showed that the CST streamlines 
from the premotor and parietal cortex. This finding 
is in contradiction with the well-known course of the 
pyramidal tract as described by Dejerine in 1901 [7]. 
To date, the exact origin of CST and the function of 
its non-primary motor cortex originating fibres remain 
unclear and unproven [2].

For neurosurgeons, the fibres originating at the 
precentral gyrus are the most crucial while planning 
any surgical access near the pyramidal tracts [10, 12, 
23, 25]. A study suggests that the remainder of the 

CST fibres come from the FL, mainly from the superior 
frontal gyrus [6]. Our results confirm this since we 
added the entire frontal lobe as a second ROI to the 
PLIC or the CP and reduced the number of fibres and 
the tract volume approximately 2-fold. This suggests 
that choosing the CP or PLIC as a single ROI does seem 
to be the most optimal solution when conservative 
access to the brain pathology is planned to minimise 
damage to the CST. However, limiting the extent of 
the ROI-based DTI to the “most anatomical” course 
of the CST (primary motor cortex as a second ROI to 
PLIC/CP), decreases the number of potentially valid 
fibres 6-fold as there is high variability of the CST 
volume among the population [6, 14]. Thus, there is 
no universal tractographic approach to delineate the 
CST due to interference of other crossing fibre tracts 
(although it may be overcome when the CP or the PLIC 
stand as a single ROI) [19]. Some authors proposed 
using the CP and the PLIC as two ROI where all the 
fibres would run through [13, 29]. At our institution 
we abandoned this technique and now use a custom 
DTI technique for all our patients because we believe 
that estimating the CST around the tumours at the 
eloquent cortex should utilise a variety of ROIs rather 
than a standardised set due to several of the reasons 
indicated before. Of note, DTI operators almost al-
ways refer to the CP as a reference for tracking the 
CST; however, this term is slightly ambiguous. The 
cerebral crus is a more accurate term anatomically as 
it refers solely to the anterior part of the CP (which is 
the correct location for CST tracking). 

Setting the ROI at the PLIC was suggested as the 
approach most resembling the anatomical course of 
the CST [5]. In our study, the largest volume of the CST 
was achieved when a single ROI was selected, without 
indicating any termination points in the brain cortex. 
In our analysis the ROI point is relatively easy to use 
and is supported by most DTI data analysis software. 
The correct ROI may be determined on structural  
T1-weighed images due to their precisely defined ana-
tomical structures. However, diffusion images that are 
directionally orientated (DEC sequence) are also useful 
to define the ROIs especially when white matter struc-
tures are being investigated. Thus, special care must 
be taken when choosing the appropriate ROI [26].  
Seeding the termination ROI in a functionally active 
cortex may be regarded as the most precise meth-
od, although, this presurgical task-based functional 
MRI cannot provide reliable information about the 
CST in tumours located in the eloquent cortex [15].  

Figure 3. A clinical case presentation where an early postoperative 
magnetic resonance image was fused with a preoperative diffusion 
tensor imaging (DTI) of the cortico-spinal tract (CST). The subtotal 
resection of the secondary glioblastoma of the left fronto-parietal 
region was considered with the preservation of the fibres of the 
corticospinal tract to preserve foot function. Therefore, only the 
posterior limb of the internal capsule was selected as a single 
region of interest to increase DTI sensitivity, regardless of the de-
creased parallel specificity as many of fibres did not belong to the 
CST; A–C. Axial planes; D. Coronal plane, motor homunculus as the 
injected picture. The red arrows indicate the tumour remnant left 
deliberately in the CST. The black arrows show the compromised 
CST fibres responsible for hand movement.
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In tumours located in or infiltrating the motor cortex 
the volume of interest (volumetric ROI) may not stand 
as a single cortical ROI for tracking the CST due to 
low accuracy [15]. 

Today, computer software offers automatic (ana-
tomical) atlases to a given brain. This atlas-based meth-
od or its combination with DTI has proven to be a similar 
predictor of clinical outcome when compared with 
traditional DTI of the CST [21]. Moreover, automatic CST 
recognition may grant an advantage when planning 
brain tumour surgery. Recently, O’Donnell et al. [16] 
proposed the automatic patient-specific method for 
identifying the CST and the arcuate fasciculus and the 
DTI predictions corresponded with functional MRIs in 
94% of patients. Additionally, the author indicated that 
the true anatomical termination of the main human 
tracts remains under debate. Thus, the combination of 
various techniques, including functional MRI, DTI and 
computational techniques, could bring scientists closer 
to discovering the correct CST delineation. On the con-
trary, the supporters of awake craniotomy for low grade 
gliomas urge that neuromonitoring and intraoperative 
stimulation maximize the tumour resection rate while 
still preserving motor function [8]. Yet, several patients 
may not be qualified for an awake procedure due to 
other medical and psychological reasons. We stress that 
in the absence of functional MRIs, an intraoperative 
neuromonitoring or motor mapping pathways should 
be considered to support DTI.

In patients with a high grade glioblastoma, where 
total resection remains critical, a minor neurological 
deficit is considered acceptable [24]. In these pa-
tients, the CP, the PLIC and the FL were deliberately 
selected as ROIs as they were the most important 
CST motor fibres that should be preserved during 
surgery. With this example, we assert that estimating 
the CST should be patient-specific as these changes 
in performing DTI are advantageous. Additionally, lit-
erature suggests that the CST’s trajectory can change 
in certain brain pathologies such as a stroke, a brain 
tumour or a subarachnoid haemorrhage [18]. This 
may lead to significant alteration in the CST’s original 
route where intraoperative direct stimulation cannot 
be substituted by other imaging techniques. Bello 
et al. reported that various types of brain tumours 
cause modification of white matter fibre trajectory. 
Based on the DTI analysis, a half of high grade gliomas 
caused dislocation and some tumours infiltrated or 
interrupted the course of tracts [3]. On the contrary, 
low grade gliomas only infiltrated or interrupted 

tracts since only a quarter of patients had dislocated 
fibres. When DTI was compared with intraoperative 
subcortical mapping, the results illustrated that the 
CST’s course was determined on the basis of DTI 
depended tumour location and volume [3]. 

The appropriate choice between these two ROIs 
lies upon the discretion of the DTI operator. Based on 
our analysis, seeding the CST from the PLIC results in 
a significantly greater number of tracks and a larger 
volume of the CST than seeding from the CP. We 
postulate that since the CP is smaller than the PLIC, 
it is less packed in white matter and therefore yields 
different results [20]. The path of the white matter 
fibres depends on the degree of precision of the deter-
mined ROIs. While plotting points may be determined 
manually or automatically, in our paper, the CST was 
determined with an automatic anatomical atlas using 
two- and three-dimensional planes. 

Analysing the CST poses several challenges such as 
the disturbed anisotropy of water molecules and the 
reorganisation of nerve fibres. Moreover, tissue swell-
ing around the tumour may disturb the proportions of 
perpendicular and parallel diffusion, which decreases 
the FA; this is due to the inversely proportional ratio 
of average diffusivity and cellularity of the pathology 
[21]. In addition, the measurement of anisotropy may 
become a factor differentiating tumours of high and 
low level of malignancy [21].

In future studies, different tractography methods 
can be connected with DTI multi-tensor acquisition. 
Identification of the CST should be carried out based on 
blood-oxygen-level–dependent and diffusion functional 
MRIs [9]. These methods may help a physician achieve 
a better regional and spatial understanding of an area.

CONCLUSIONS
Our study identified the CST based on various 

anatomical approaches. We found that while there is 
no universal method of determining the CST, the CP 
or the PLIC should be used as the starting point ROIs.
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Background: Fluorescence-guided surgery (FGS) with 5-aminolevulinic acid  
(5-ALA) has been proven to assist neurosurgeons to achieve a more complete 
brain tumour resection. However, 5-ALA-guided surgery is limited since it is often 
difficult to distinguish the colour difference between the resected areas of malig-
nant brain tumours from their background. Our aim was to evaluate which colour 
difference formula was optimal to distinguish between malignant brain tumours 
and the background healthy tissue using 5-ALA fluorescence.
Materials and methods: Thirty-seven patients with a primary or secondary 
malignant brain tumour ingested 5-ALA before the surgery. A 400 nm light was 
used to excite the fluorescence. Surgical videos were recorded for all the patients 
and a total of 183 samples were obtained from the fluorescent areas and their 
respective backgrounds. Three colour differences formulas — contrast ratio (CR), 
CIELab (ΔE*) and CIEDE2000 — were applied to the videos and compared using 
hot-cold maps. Baseline demographics, the tumour’s location, the tumour’s side, 
and tumour’s World Health Organization (WHO) grade was also analysed for 
correlations relating to the fluorescence. Chi-square and the Student’s t-test were 
used for univariate relations. The three channels of the CIELAB colour space (L*, 
a* and b*) were analysed together and separately (since L* of fluorescent areas 
was significantly higher than the background).
Results: ΔE* resulted in good discrimination of a* and b*, and moderate but 
acceptable discrimination of L*. CIEDE2000 distinguished differences in a* and b*,  
although not in L*. The CR distinguished only L*, whereas the probability of dis-
criminating a* and b* channels failed. Neither age, sex, tumour location, tumour 
size nor the WHO grade influenced the a*, b* and L* colour values (p > 0.05).  
Colour differences measured by ΔE* and CIEDE2000 correlated together  
(r = 0.99, p < 0.01), whereas CR correlated only with ΔE* (r = 0.21, p = 0.01) 
but not with CIEDE2000 (r = 0.07, p = 0.32).
Conclusions: ΔE* obtained the best colour discrimination between the resected 
areas of malignant brain tumours and the background when compared to CR 
and CIEDE2000. Therefore, ΔE* may be the best formula to help neurosurgeons 
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distinguish the colour differences when operating malignant brain tumours with 
5-ALA fluorescence. (Folia Morphol 2021; 80, 1: 47–54)

Key words: 5-aminolevulinic acid, glioma surgery, colour perception, 
CIEDE2000, fluorescence

INTRODUCTION
Maximal tumour resection with minimal injury to 

the surrounding tissue remains the goal for neurolog-
ical surgeons operating on malignant brain tumours 
[8, 18, 19, 23]. Fluorescence-guided surgery (FGS) 
may assist in this matter as it allows better visualis-
ation of a patient’s brain tumours, despite brain shift 
caused by a prolonged surgery or neuronavigational 
limitations [6]. This allows the physician to perform  
an optimal resection not only for malignant gliomas 
but also for recurrent glioblastomas [6, 10]. 5-aminole-
vulinic acid (5-ALA) is commonly used for FGS as it is 
a natural haemoglobin metabolite, can be easily ad-
ministered orally and carries minimal side effects [1]. 

After ingestion, it accumulates within malignant 
brain tissues and fluoresces in a violet-red colour after 
excitation with blue light.

Unfortunately, despite the promise of 5-ALA-guid-
ed resection, it remains greatly limited since 5-ALA 
fluorescence is sometimes difficult be distinguished 
from the background healthy tissue. This is crucial 
since, in practice, the decision to resect a section of 
a tumour is determined largely by the background 
colour [19]. To the human eye, slightly different co-
lours may not be able to be distinguished. Thus, to 
objectively measure colour, the colour space defined 
by the International Commission on Illumination 
(CIELAB) colour system is used to reliably express 
colour in three quantitative values denoted: L*, a* 
and b*. Several colour difference formulas have been 
proposed including: contrast ratio (CR), CIELab (ΔE*) 
and CIEDE2000. 

ΔE* was the very first formula proposed by the 
International Commission on Illumination (CIE) to 
measure distance between colours. However, over 
time, they updated their colour difference formula to 
CIEDE2000 to account for non-uniformities in human 
colour vision. CIEDE2000 has also been established 
as the International Organization for Standardization 
(ISO) standard. However, these general recommenda-
tions may not be optimal to distinguish brain tumours 
due to the highly specific physical qualities of brain 
tissue and brain tumours. Studies have shown that 

colour perception is highly unique depending on the 
part of the human body and tissue studied [4, 9]. To 
our knowledge, no study has yet been done to deter-
mine the best colour difference formula(s) regarding 
brain tumours.

We sought to evaluate which colour difference 
parameter was optimal to distinguish between ma-
lignant brain tumours and the background using 
5-ALA fluorescence. To accomplish this, we utilised 
numerous colour difference formulas (i.e. CR, ΔE* 
or CIEDE2000) on the neurosurgical recordings of 
patients with brain tumours.

MATERIALS AND METHODS
Patients 

Thirty-seven patients with a brain tumour were 
prospectively collected (22 males and 15 females; 
age 23–81 years, mean ± standard deviation [SD]: 
58.2 ± 16.3, and median age: 64). These patients 
were treated at the Neurosurgery Department at the 
Medical University of Gdansk in Gdańsk, Poland, from 
August 2015 to December 2019. We collected base-
line demographic data (age and sex), tumour location 
(within the lobe and the hemisphere), histopathology, 
and the World Health Organization (WHO) tumour 
grade. The protocol of the study was approved by 
the local bioethical committee (permission number 
NKBBN/98/2012). The study is a continuation of our 
previous observations and includes a similar meth-
odology for colour analysis [19].

Surgery

Four hours prior to anaesthesia, 5-ALA (Gliolan, 
Medac GmbH; Wedel, Germany) was given orally to 
each patient. Following craniotomy, magnetic reso-
nance imaging-based navigation helped to remove 
the gross parts of the tumour under white light. Dif-
fusion tensor tractography highlighted white matter 
tracts (cerebrospinal tract or arcuate fasciculus) and 
limited resection of the tumours located near the 
eloquent areas. 

Afterwards, a blue light was used to identify the 
remaining tumour and a white light was turned on 
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for further resection. The surgery was carried out in 
this way until the operating neurosurgeon deemed 
the tumour to be completely resected. In all the sur-
geries, the duration from 5-ALA intake to the end of 
surgical resection was about 9 hours. 

Equipment

Preoperative magnetic resonance imaging was 
performed on all patents (1.5 Tesla, according to the 
site-specific protocol, including contrast enhanced 
[CE] T1, T2-weighted, spectroscopy and diffusion 
weighed scenes). The StealthViz application (Medtron-
ic Inc., Minneapolis) and StealthStation S7 navigation 
(Medtronic Navigation; Louisville, CO, USA) assisted 
all the surgeries. Blue-light filtering of the surgical 
microscope (OPMI Pentero with fluorescence kit BLU 
400, Carl Zeiss, Germany) met the European Med-
ical Device Directive 93/42/EEC requirements. The 
microscope included an integrated digital camera 
MKC-500HD (Ikegami Co.; Tokyo, Japan). Camera 
specifications were as follows: high-definition matrix 
1920 × 1080p, 54 dB signal-to-noise ratio, sensitiv-
ity of F12 at 2000 lux/3200°K and a 1/3-inch CMOS 
image sensor. Light sensitivity and white balance 
remained constant at the default settings. Spectral 
sensitivity and light filtering in the microscope and 
camera were unattainable from the manufacturers. 
The excitation wavelength range was 400–410 nm 
and the observation wavelength range was 620– 
–710 nm. Room luminance remained constant during 
the entire surgery and study.

Surgical recordings were examined on a Dell 
U2410 32’’ monitor (1920 × 1200p, 16:10 wides-
creen aspect ratio, 80000:1 dynamic contrast ratio, 
colour depth of 1.07 billion and 100% coverage of 
CIE L*a*b* colour gamut 7). Shotcut software v.5.2.0 
(Digia Inc.; Santa Clara, CA, USA) was used for video 
playback without any video filtering.

Study design and colour analysis

The neurosurgical recordings were watched and 
points of interest to be included into this study’s 
colorimetric evaluation were chosen if: (1) an area 
demonstrated fluorescence by the naked eye re-
gardless of its future surgical removal and (2) if an 
area was delineated by the adjacent background by  
a different colour. 

The points of interests were chosen from the 
video. Then, Colour Contrast Analyser v.2.5 (WAT 

Consortium, int’l) was used to probe the area with 
RGB colour model values. Both the fluorescent region 
and the corresponding background of the tumour 
was analysed in this way. Afterwards, the RGB model 
was transformed into the CIELAB colour space which 
consisted of three colour coordinates denoted L*, a* 
and b* (L* denotes lightness, a* describes a red or 
green value and b* describes a yellow or blue value). 

Using these values, the following formulas found 
colour differences from the same pool of samples: 
ΔE*, CIEDE2000 and CR. ΔE* measures the difference 
between two colours (L*, a* and b*). CR compares 
relative luminance (i.e. all colours are converted to 
greyscale) and it is the key parameter distinguishing 
colours. CIEDE2000 is a complex formula taking into 
account several metrics to compensate for neutral 
colours, lightness, chroma and hue.

CIEDE2000, ΔE and CR calculated colour differenc-
es and their formulas are presented below:
CIEDE2000 (CIE Publ. 142–2001, CIE S 014–6/E:2013)
ΔE* = √([L1–L2]2 + [a1–a2]2 + [b1–b2]2)
CR = (L1 + 0.05) / (L2 + 0.05)
where L1 and L2 represent relative lighter and darker 
colour luminance respectively; a1, b1 and a1, b1 signify 
dimensions of lighter and darker colours respectively.

ΔE*, CIEDE2000 and RGB to CIE 1976 L*a*b* 
transformations were calculated using an electronic 
spread sheet (Microsoft Office Excel 2010 for Win-
dows). CR was calculated using Colour Contrast Anal-
yser software.

statistical analysis

Statistica Software v.10.0 (StatSoft Inc.; Tulsa, OK, 
USA), was used for performing Chi-square, Student’s 
t-test and their non-parametric equivalents. Continu-
ous variables are expressed as mean ± SD. A p value 
of < 0.05 was considered statistically significant. 
Figure 1 illustrates the methodology of probing flu-
orescent areas and their surroundings. Figure 2 was 
created using Prism v.6.07 (GraphPad; La Jolla, CA, 
USA). Hot-cold maps in Figure 3 were created using 
Past (Hammer and Harper, Øyvind Hammer, Natural 
History Museum, University of Oslo). 

Study objective

Our aim was to evaluate various colour difference 
formulas (CR, ΔE* and CIEDE2000) that distinguish 
fluorescent areas from the background. We attempt-
ed this by analysing the area of CIELAB colour space 
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under 400 nm illumination and probed fluorescent 
points and their background.

RESULTS
The clinical course and outcome were not the 

scope of the study. Twenty-seven (73.0%) patients 
had glioblastoma and 2 (5.4%) had gliosarcoma. 
Out of the primary brain tumours, all were malignant 
except for 1 patient with gemistic astrocytoma (WHO 
2 grade). Out of the total 37 patients, there were 14 
(37.8%) surgeries of recurrent or progressive tumours. 
The most common locations of the tumour were at 
the temporal lobe (n = 16, 43.2%) and the frontal 

lobe (n = 9, 24.3%). We obtained 183 samples of 
fluorescent areas and 183 samples of their respective 
background. The detailed chart of sampled values is 
presented on Supplementary Table 1. The results of 
all the CIELAB colour space channels are illustrated 
on Figure 2.

Colour difference

ΔE and CIEDE2000 correlated together (r = 0.99,  
p < 0.01). CR correlated only with ΔE (r = 0.21, p = 0.01)  
but not with CIEDE2000 (r = 0.07, p = 0.32). Age, sex, 
the number of samples, brain hemisphere, location of 
the tumour and glioblastoma histopathology did not 

Figure 1. This illustration shows how colour parameters were obtained and analysed from the surgery; A. The view of the neurosurgical op-
erative area illuminated under normal white-light; B. The same view of the operative area; however, illuminated by a 400 nm blue light so that 
the fluorescence indicated the tumour (pink arrow on panel B); C. A picture was taken and was analysed on the computer; the fluorescence 
(pink arrow) and the background (grey arrow) were chosen and they were coded on the RGB colour space. The contrast ratio was calculated 
automatically by the software (red rectangle).
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influence the fluorescent areas or their background 
colour values (a*, b* and L*) (p always > 0.05).

Descriptive statistics of all colour difference 
parameters are presented on Table 1 and Figure 3  
illustrates those findings. ΔE resulted in good 
discrimination of a* and b*, and moderate but 
acceptable discrimination of L*. CR distinguished 
only L*, whereas the probability of discriminating 
a* and b* channels failed. CIEDE2000 distinguished 
differences in a* and b* axes, however, not in L*. 

DISCUSSION
Key findings

We found that ΔE* best distinguished colour dif-
ferences between the resected areas of malignant 
brain tumours and the background with 5-ALA fluo-
rescence compared to other established colour differ-
ence formulas, namely CIEDE2000 and CR. By utilising 
this optimal colour difference formula for intracra-
nial tumours, neurosurgeons can further appreciate 
and enjoy the benefits of 5-ALA FGS by performing 
more complete tumour resections. Our findings are 
clinically profound since a greater extent of tumour 
resection may lead to several favourable prognostic 

implications for the patient. Even in patients with 
glioblastoma — a tumour with an especially poor 
prognosis — a greater extent of resection is still  
a proven benefit to patients [5, 13, 15]. To our best 
knowledge, this study is the first to compare the col-
our difference formulas among intracranial tumours. 
Moreover, our findings challenge the current ISO 
colour difference standard (i.e. CIEDE2000, which is 
recommended by the CIE). 

Context

Gómez-Polo et al. [4, 5] — on their colour exper-
iments conducted on the human gingiva — found 
that CIEDE2000 imitated colour differences better 
than ΔE*; however, in a later experiment found 
that both formulas reflected colour differences in  
a similar fashion. Our results disagree with 
Gómez-Polo et al. [4, 5] as we found that ΔE* best 
distinguished colour differences; however, we reiter-
ate that our experiments were conducted on malig-
nant intracranial tumours which may express 5-ALA 
fluorescence much different colours than the human 
gingiva. Therefore, we do not discredit CIEDE2000, 
but postulate that it may not be the most superior 

Figure 2. Colours of fluorescing areas and the surrounding background in the three channels of the CIELAB colour space: a* (green [–] to red 
[+]), b* (blue [–] to yellow [+]) and L* for lightness from black to white. Since all three channels could not be represented feasibly on one 
three-dimensional graph (A) represents a* and b* while panel B represents only L* on the CIELAB colour space. Both panels A and B show 
a difference in the colour of the background (black crossed square) and the florescence (violet encircled dots), however, there is also over-
lap between the two in L*, a* and b*; A. Most of the fluorescent areas were located in Quadrant III (the purple area) while the background 
colours were located mostly in Quadrant I (the green area); B. The lightness (L*) of most of the fluorescent areas was higher than its back-
ground; CIELAB — colour space defined by the International Commission on Illumination.
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in distinguishing colour differences with malignant 
brain tumours. 

In our previous study on 5-ALA, we proved that 
surgeons make a decision on tumour resection based 
on colour contrast (like CR), and not on colour fluo-
rescence [19]. Therefore, in our study, we compared 

the CR with ΔE* and CIEDE2000. In this study, the 
CR formula distinguished colour difference the best 
in the L* section of colour space (the shades from 
black to white) compared to ΔE* and CIEDE2000. 
However, we realize that since CR is calculated solely 
on L*, it has a limited use when discriminating other 

Table 1. Colour parameters and colour difference parameters between the fluorescent areas and the background. L*, a* and b* are 
colour space defined by the International Commission on Illumination (CIELAB) colour space values; colour difference was expressed 
by means of ΔE, contrast ratio and CIEDE2000

Value Mean Median Minimum Maximum Lower  
quartile

Upper  
quartile

Standard 
deviation

Standard error 
of mean

P

Foreground L* 65.80 66.67 30.40 93.97 59.81 72.86 11.81 0.873025
< 0.01

Background L* 45.19 45.62 11.01 72.47 37.47 53.03 11.26 0.832113

Fluorescence a* 51.03 49.12 –11.93 97.30 38.06 64.56 20.87 1.542679
< 0.01

Background a* –3.37 –5.78 –28.73 49.91 –13.87 4.3332 14.76 1.090750

Fluorescence b* –22.55 –24.69 –61.88 20.67 –33.05 –11.38 17.90 1.323546
< 0.01

Background b* 9.84 13.53 –58.39 44.82 0.27 22.49 18.82 1.391401

ΔE 42.51 41.55 14.10 78.66 30.58 55.17 14.82 1.096059

Contrast ratio 2.11 1.90 1.00 4.80 1.70 2.50 0.65 0.047958

CIEDE2000 66.10 65.19 15.15 145.07 47.41 83.21 25.49 1.884512

Figure 3. Hot-cold probability maps show to what extent the contrast ratio (CR), CIEDE2000 and ΔE distinguished colour differences in the 
three channels of the CIELAB colour space (L*, a* and b*). One may consider “solid or more distinct colour bands” to illustrate significant prob-
abilities (e.g. ΔE for a*, b* and L*) while “scattered colours” illustrate non-significant probabilities (CIEDE2000 for L* and CR for a* and b*).
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colour parameters (e.g. pink fluorescence from a grey 
background). 

A 2011 study on 5-ALA first explored the advan-
tages of measuring 5-ALA-induced fluorescent-me-
tabolites in vivo [20]. Therefore, our study adopted  
a similar method as the spectra of colours were meas-
ured intraoperatively. Their study also concluded that 
5-ALA may be used for not only high-grade glioma, 
but other tumours as well. Our results support these 
findings as 5-ALA was able to discriminate between 
normal and malignant tumour tissue in a variety of 
tumours (i.e. glioblastoma, anaplastic oligodendro-
glioma and anaplastic astrocytoma).

Limitations of the study

We realise that there is an inherent challenge in 
measuring colour difference due to the heterogene-
ous perception of colour among every individual that 
is problematic to overcome. However, the formulas 
used in our study to distinguish colour differences 
are established and reproducible.

Moreover, it is possible that blood or other organic 
brain debris might have covered parts of the fluo-
rescing tumour, making colour analysis complicated. 
Removing unwanted material and preserving a clear 
view of the operating field is the responsibility of 
the operating neurosurgeon. We confirm that the 
neurosurgeons operating on the tumours included 
in the study had more than 15 years of neurosurgical 
experience at a university hospital, and thus, assume 
that they maintained an adequate view of the surgical 
field at least for the purposes of this study.

Future directions

In our study, both fluorescence and background 
colour space sections partially overlapped (see Fig. 2).  
Therefore, we recommend that future studies on 
5-ALA fluorescence include a more specific section 
of colour space to further highlight fluorescence dif-
ferences. 

We recommend that confirmatory studies be done 
in other centres around the world to help deter-
mine if slight differences in colour perception among 
populations may be significant enough to warrant 
colour research specific to a particular population 
or sub-population [21]. Of note, the neurosurgeons 
that performed that surgeries were of Polish descent.

Our study was conducted on an adult popula-
tion. Future research may include a similar study on  

a paediatric population as current research suggests 
that 5-ALA assisted surgery may aid in the resection 
of paediatric brain tumours as well [12].

Clinical implications

Several studies have demonstrated that the hu-
man visual system may be augmented by fluorescence 
targeting with 5-ALA and lead to a more extensive 
tumour resection [3, 11, 17, 22]. Fortunately, the 
cost of FGS is relatively low when compared to in-
traoperative magnetic resonance imaging (which has 
proven to maximise tumour resection) giving FGS an 
economical and practical advantage [2]. FGS with 
5-ALA is one of the most innovative treatments in 
contemporary neurological surgery as it offers the 
surgeon intraoperative visualisation of the tumour to 
a much greater extent than traditional white-light mi-
croscopy. By studying which mathematical formula(s) 
may best distinguish healthy tissue from malignant 
tissue, neurosurgeons may be empowered to excise 
a greater extent of the residual tumour tissue while 
preserving healthy tissue. FGS with 5-ALA has proven 
to be more effective than conventional neuronavi-
gation-guided neurosurgery in identifying tumour 
margins, enhancing the extent of malignant tumour 
resections, promising a longer progression-free sur-
vival and increasing the quality of life of patients 
[14, 16, 24].

CONCLUSIONS
In our study ΔE* best distinguished fluorescent 

areas from the background compared to CIEDE2000 
and CR. Therefore, we recommend ΔE* to be used 
by neurological surgeons operating on intracranial 
tumours as it discriminates colour differences in the 
optimal way.
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Background: The craniofacial features of a person are unique and critical in the 
evaluation of age, gender, and ethnicity. The relationships between craniofacial 
properties and behavioural patterns have been one of the most common research 
topics.
Materials and methods: There are studies on the association of facial width-to-
-height ratio (fWHR) and aggressive behaviour in men; however, no consensus 
has been reached as there are inconsistent study results. Most of the studies focus 
on measuring the pre-determined fWHR in searching for a link to aggression. As 
the literature lacks data on the associations of multiple craniofacial ratios and 
aggression, we aimed to study the correlation of aggressive behaviour and mul-
tiparametric anthropometric measurements of the craniofacial region in a study 
group consisting of university students aging 18–38 years. 
Results: The aggression questionnaire results showed that male students had 
statistically higher scores than females in all subdomains, except physical ag-
gression. Anthropometric studies revealed that males had higher mean values of 
craniofacial dimensions and indices than females, except the frontal height, the 
total lip height, frontal index, and cranial length-head circumference index. The 
statistical analyses for correlations showed that frontal, upper facial, and total 
facial height-facial width indices correlated with general and verbal aggression, 
frontal and upper facial indices correlated with physical aggression, and upper 
facial and total facial height-facial width indices correlated with indirect aggres-
sion only in males. 
Conclusions: We conclude that our study represents the first example of an 
extensive craniofacial anthropometric research that correlates several craniofacial 
measurements and ratios with various aggression subdomains. (Folia Morphol 
2021; 80, 1: 55–62)

Key words: anthropometry, aggression, craniofacial, anatomy, behaviour

INTRODUCTION
Every human being is unique in their craniofacial 

features that are closely related to the overall form 
and proportions of the body. The human craniofacial 

variations in different populations have long been 
an interesting topic for scientists. The environmental 
factors and evolutionary mechanisms that act on 
craniofacial features have been investigated by an-
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thropologists, while the related databases are used 
routinely by forensic scientists, surgeons, dentists, 
and anatomists for diagnostic and therapeutic pur-
poses. The information on the craniofacial dimensions 
is especially critical in evaluating the age, gender, and 
ethnic background of individuals [28]. 

Many craniofacial properties show dimorphism 
between sexes; for instance, males are known for 
the broader zygomatic region, supraorbital ridge, 
and prominent mandibula, while females have longer 
and narrower faces, rounder and broader foreheads, 
and thicker lips compared to males [24, 30]. In addi-
tion to the age, nutrition, biomechanical forces, the 
endocrine factors, especially pubertal sex hormones, 
have been established as the primary influencers 
of masculinisation and feminisation of craniofacial 
features [30]. The influence of pubertal testosterone 
was shown on facial width/lower facial height and 
cheekbone prominence decrease, and lower face 
height/full face height increase [16].

Apart from the dimorphism in craniofacial char-
acteristics, males and females show dimorphism in 
some behavioural patterns, like aggression. When 
aggression is kept within normal limits, it provides 
and defends the required vital sources; however, its 
inappropriate manifestation can be harmful. Pro-
fessionals dealing with aggressive behaviour need 
to know its aetiopathogenesis to provide optimal 
management strategies [35]. 

The research demonstrated that males, compared 
to females, display higher aggressive behaviour un-
der unprovoked conditions [3] and higher physical 
aggression in real-world settings [2, 13]. The link 
between craniofacial features and aggression has 
been studied extensively. The ratio of facial width to 
height (fWHR) is the most common measurement of 
masculinity related to aggression [1, 7, 12, 15, 27]. 
The relationship between fWHR and testosterone 
levels has been indicated in some research studies 
[7, 16, 22]. However, the results of other studies 
did not support the presence of such an association  
[4, 20, 27]. Moreover, the dimorphism of fWHR had 
also been questioned [21].  

The reasons for those inconsistencies might range 
from sampling variations to the size of the study 
group, from ethnicity and socioeconomic status of 
the investigated population to the unstandardised 
measurement techniques used in anthropometric 
studies [26]. The measurement of fWHR as the sole 
anthropometric factor in most studies that investigate 

a link between facial features and aggression has also 
been considered to be responsible for inconsistent re-
sults [19]. To the best of our knowledge, the literature 
lacks data on correlation studies of aggression and 
multiple craniofacial features. Hence, we aimed to fill 
in this gap by designing a study that investigates the 
association of aggressive behaviour and craniofacial 
features by using multiple anthropometric parameters 
in a large study population.

MATERIALS AND METHODS
Study group 

This study was conducted on university students 
older than 18 years. The sex distribution of partici-
pants showed that there were 156 female and 147 
male subjects, aging 18–38 years, with a mean of 
20.88 (standard deviation 2.9) and 21.23 (standard 
deviation 3.38) years for females and males, respec-
tively. No statistically significant difference was ob-
served between the mean age of females and males 
in the study (p > 0.05). The presence of a history 
of surgery, trauma, and congenital abnormalities in 
the craniofacial region were considered as exclusion 
criteria. The study participants provided informed 
consent, and Institutional Ethics Committee approval 
was obtained (approval number: KA09/306).  

Study design and protocol

In this prospective cross-sectional study, the sub-
jects who met the study criteria were evaluated by an 
adapted Turkish version of the “Aggression Question-
naire” [6] constructed originally by Buss and Perry [5]. 
The responses ranged on a scale of 1 to 5 points (e.g., 
“1 point” stood for “extremely uncharacteristic of 
me”, and “5 points” stood for “extremely characteris-
tic of me”). Five subdomains of aggressive behaviour 
assessed by the questionnaire included physical and 
verbal aggression, indirect aggression, anger, and 
hostility. Cronbach’s alpha for the five aggressiveness 
scores were as follows: physical aggression: 0.82, 
verbal aggression: 0.79, anger: 0.81, hostility: 0.75, 
indirect aggression: 0.87.

The anthropometric studies were performed on 
all participants. A weighing scale and an anthropom-
eter were used for measuring weight and stature. 
Craniofacial anthropometric measurements carried 
out according to a previously described technique 
[18] and pre-determined craniofacial landmarks were 
taken twice to minimise operator-related and techni-
cal errors. A measuring tape, spreading, and sliding 
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callipers were used as required in craniofacial meas-
urements (Table 1). 

The body mass index (BMI) of the subjects was 
determined by dividing the weight to the height 
squared. A total of 8 craniofacial indices that were 
relevant to the study were derived from the craniofa-
cial dimensions by formulas described previously [11]. 
The cranial indices calculated were cephalic index 
(C-I), the cranial length-head circumference index  
(CL-HC-I), and frontal index (F-I), while the facial indi-
ces consisted of total facial height-facial width index 
(TFH-FW-I), upper facial index (UF-I), mandible-facial 
width index (M-FW-I), nasal index (N-I), and total lip 
height-mouth width (TLH-MW-I) index.

statistical analysis 

Intraclass correlation coefficient analysis was per-
formed to test the reliability of anthropometric mea-
surements. The descriptive statistics were presented 
as the mean ± standard deviation. The normal distri-
bution of numerical variables was controlled by the 
Kolmogorov-Smirnov test. Independent samples t-test 
was used for analysing the results of anthropomet-
ric measurements and aggression scores concerning 

sex. The correlation among variables was assessed 
by using the Pearson correlation coefficient. Multi-
ple-regression model was used to evaluate the effect 
of craniofacial indices on the scores of aggression 
questionnaire. The statistical analyses were done by 
using Statistical Package for Social Sciences (SPSS 
Version 18.0; SPSS Inc. Chicago), and a p-value of or 
lower than 0.05 was considered significant.

RESULTS
The responses of participants to the aggression 

questionnaire were evaluated, and the mean scores 
of five aggression subdomains were calculated for 
each gender. The scores of aggressive behaviour of 
female and male subjects were shown in Table 2. In 
all subdomains, except in physical aggression, the 
scores of the male subjects were significantly higher 
than those of the females (p < 0.001). Although the 
physical aggression scores of males (24.44 ± 7.66) 
were higher than the females (18.41 ± 7.17), it was 
not statistically significant (p > 0.05). The mean of 
general aggression score of the male subjects was 
25.86 ± 4.96, while the females had a mean score of 
22.90 ± 5.55, and there was a statistically significant 
difference between males and females concerning 
general aggression scores (p < 0.001).

The mean values of weight, stature, and BMI 
of males (75.69 ± 12.94 kg, 174.93 ± 59.75 cm,  
24.69 ± 3.66, respectively) were significantly higher 
than those of the females (58.67 ± 9.03 kg, 162.2 ± 
± 57.82 cm, 22.28 ± 3.04, respectively; p < 0.001, 
Table 2). The mean value of all cranial and facial 
anthropometric measurements was calculated and 
compared between genders. Except for the frontal 
height, all mean values of the cranial measurements 
were significantly higher in the male subjects than 
the females (p < 0.001). Among the 12 facial an-
thropometrical measures, the mean value of the total 
lip height was similar in both genders (p = 0.991), 
while the remaining eleven measurements showed  
a statistically significantly higher value in male sub-
jects compared to those in the females (p < 0.001). 
The distribution of mean value for all craniofacial an-
thropometric measurements was presented in Table 2.

We did not find any significant difference in the C-I 
between sexes (p > 0.05). The remaining two cranial 
indices (CL-HC-I, F-I) were found to be significantly 
higher in males compared to female subjects (p <  
< 0.001). None of the facial indices showed a sig-
nificant difference between the genders (p > 0.05). 

Table 1. Craniofacial anthropometric measurements 

Description

Cranial dimensions

Cranial length (CL) Between glabella to opisthocranion

Cranial width (CW) Between right and left biparietale

Head circumference (HC)

Frontal breadth (FB)  Between right and left frontotemporale

Frontal height (FH) From trichion to glabella

Auricular head height (AHH) From external meatus to vertex

Facial dimensions

Facial width (FW) Between right and left zygion

Lower facial heights (LWH) Between subnasale and gnothion

Upper facial heights (UFH) Between nasion and stomion

Mandibular breadth (MB) Between right and left gonium

Mandibular height (MH) Between sublabiale and gnathion

Mouth width (MW) Between right and left chelion

Nasal height (NH) Between nasion and subnasale

Nasal width (NW) Between right and left alare

Supraorbital depth (SOD) Between glabella and tragion

Interchantal breadth (ICB) Between right and left endocanthion

Biocular width (BOW) Between right and left exocanthion

Total lip height (TLH)  Between labium superius oris  
and labium inferius oris
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The data and results of statistical analyses regarding 
the craniofacial indices were presented in Table 2.

We evaluated the correlation between the crani-
ofacial indices and the subdomains of aggressive be-

Table 2. Anthropometric measurements, cranial indices, aggression scores (mean ± standard deviation)

Gender P P*

  Male (n = 147) Female (n = 156)

Weight 75.69 ± 12.94 58.67 ± 9.03 < 0.001 -

Stature 174.93 ± 59.75 162.2 ± 57.82 < 0.001 -

Body mass index 24.69 ± 3.66 22.28 ± 3.04 < 0.001 -

Cranial measurements:

Cranial length 189.9 ± 7.54 178.56 ± 6.48 < 0.001 0.006

Cranial width 155.44 ± 6.87 146.97 ± 5.1 < 0.001 0.0001

Head circumference 562.58 ± 15.78 537.08 ± 13.61 < 0.001 0.0001

Frontal breadth 119.33 ± 4.85 112.37 ± 4.16 < 0.001 0.0001

Frontal height 53.77 ± 7.58 53.63 ± 5.65 0.855 0.669

Auricular head height 69.81 ± 8.57 64.52 ± 10.12 < 0.001 0.001

Facial measurements:

Facial width 142.22 ± 5.57 132.31 ± 4.98 < 0.001 < 0.001

Lower facial height 65.49 ± 5.20 59.74 ± 5.17 < 0.001 0.006

Upper facial height 75.57 ± 6.23 70.45 ± 5.63 < 0.001 0.020

Mandibular breadth 97.48 ± 8.25 89.35 ± 8.2 < 0.001 0.001

Mandibular height 26.03 ± 3.75 24.09 ± 3.28 < 0.001 0.061

Mouth width 51.55 ± 4.64 49.15 ± 4.53 < 0.001 0.025

Nasal height 51.63 ± 3.64 48.28 ± 4.30 < 0.001 0.028

Nasal width 36.71 ± 2.90 33.16 ± 2.89 < 0.001 < 0.001

Supraorbital depth 124.2 ± 5.26 116.48 ± 4.8 < 0.001 < 0.001

Interchantal breadth 34.10 ± 3.93 31.85 ± 3.57 < 0.001 0.191

Biocular width 107.6 ± 6.03 103.78 ± 5.79 < 0.001 0.056

Total lip height 16.45 ± 3.92 16.27 ± 3.43 0.991 0.907

Indices:

Cephalic index 82.12 ± 4.7 82.42 ± 4.18 > 0.05  –

Cranial length-head circumference index 33.73 ± 0.92 33.25 ± 0.85 < 0.001 –

Frontal index 45.06 ± 6.47 47.68 ± 5.11 < 0.001 –

Upper facial index 189.63 ± 19.52 189.07 ± 17.07 > 0.05  –

Total facial height-facial width index  101.25 ± 7.73 102.08 ± 7.42 > 0.05  –

Mandibular-facial width index 68.57 ± 5.62 67.57 ± 5.88 > 0.05  –

Total lip height-mouth width index 32.1 ± 7.6 33.2 ± 6.79 > 0.05  –

Nasal index 71.42 ± 7.19 69.15 ± 7.71 > 0.05  –

Buss and Perry Aggression Score:

General aggression 25.86 ±4.96 22.90 ±5.55 < 0.001 –

Physical aggression 24.44 ± 7.66 18.41 ± 7.17 > 0 .05 –

Verbal aggression 27.67 ± 6.83 26.37 ± 6.89 < 0.001 –

Anger 27.71 ± 6.20 25.43 ± 6.78 < 0.001 –

Hostility 25.50 ± 6.63 23.78 ± 6.87 < 0.001 –

Indirect aggression 24.46 ± 6.42 21.31 ± 6.25 < 0.001 –

*The effects of height and body mass index values were controlled by ANCOVA model
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haviour by a multi-variant regression model. First, the 
model fit p-value was used to assess the presence of  
a statistical significance for the model. Male participants 
showed a statistical significance for models of indices 
on physical, verbal, indirect, and general aggression  
(p < 0.001, p = 0.004, p < 0.01, p = 0.01, respective-
ly); however, there was no such statistical significance 
in female subjects (Table 3). Further evaluation of the 
correlations between subdomains of aggression and 
craniofacial indices in male subjects revealed that the 
F-I, UF-I, and TFH-FW-I were significantly related with 
higher scores of verbal and general aggression, while 
F-I and UF-I were only significantly related with higher 
physical aggression scores, and UF-I and TFH-FW-I 
were only significantly related with indirect aggression 
(p values below 0.05 for all correlations). There was no 
significant relationship between craniofacial indices 
and anger and hostility (p > 0.05). The correlations 
between the craniofacial indices and the types of 
aggression were presented in Table 3.

DISCUSSION 
Facial WHR is an important characteristic that 

emerged as a result of sexual selection in the evolu-

tion of the genus Homo, therefore fWHR provided 
information about general level of testosterone and 
masculinisation. Due to its relevance to testosterone 
and masculinisation, WHR is considered an indirect 
indicator of aggression. In the current study, we in-
vestigated the relationship of craniofacial features 
and aggression by extensive anthropometric studies 
and a questionnaire [5, 6] for assessing aggression 
subdomains in a group of university students. The 
strength of this study is that not only WHR, but also 
many craniofacial characters have been studied. The 
weakness of this study is that it does not contain mod-
erator variables such as social status and income level.

Only one study reported relationships among in-
come, craniofacial features, and aggression. In this 
study it was shown that the income of subjects could 
be a moderator in the association of aggression and 
fWHR; the authors observed that fWHR predicted 
aggressive behaviour only in subjects with low income 
[13]. Another study demonstrated the effects of so-
cial status moderated the association of fWHR and 
risk-taking behaviour in males [36]. Noser et al. [26] 
found that income played a critical role in fWHR and 
physical aggression relation, so the authors suggested 

Table 3. Correlation of craniofacial indices and aggression types by multi-regression analysis 

Aggression Dependent variables

General Physical Verbal Anger Hostility Indirect

Independent variables (Model fit p-value) 0.010 < 0.001 0.004 0.109 0.198 < 0.001

Male Standardised beta coefficient

C-I –0.206 –0.342 –0.244 0.064 0.191 0.279

CL-HC-I –0.180 –0.230 –0.189 0.063 0.139 0.210

F-I 0.264* 0.224* 0.313* 0.126 0.174 0.114

UF-I 0.551* 0.335* 0.487* 0.586** 0,284 0.598*

TFH-FW-I 0.441* 0.067 0.355* 0.493* 0.166 0.387*

M-FW-I –0.037 –0.060 0.001 0.039 0.053 –0.049

TLH-MW-I –0.010 –0.015 0.027 0.076 0.032 –0.186

N-I 0.080 0.102 0.045 0.089 –0.118 0.089

Independent variables (Model fit p-value) 0.120 0.131 0.341 0.093 0.196 0.195

Female Standardised beta coefficient

CL-HC-I –0.083 –0.101 –0.109 –0.017 0.030 0.031

F-I 0.066 –0.174 –0.221 –0.045 0.117 –0.034

UF-I 0.108 0.173 –0.001 –0.021 –0.022 0.089

TFH-FW-I –0.226 0.255 –0.041 0.002 0.139 –0.103

M-FW-I –0.048 0.160 –0.046 –0.093 –0.220 –0.099

TLH-MW-I 0.166 –0.055 0.054 –0.010 –0.030 –0.088

N-I 0.160  0.073 0.163 0.197 0.139 0.078

*p < 0.05; **p < 0.01; abbreviations — see text
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that social status had to be taken into account in such 
anthropometric studies. 

Aggression was recently defined as “the feelings 
of anger or antipathy resulting in hostile or violent 
behaviour” by Im et al. [17]. The manifestation of ag-
gression has been widely studied by using aggression 
paradigms [35] and self-report questionnaires [5].  
Studies on aggression with self-reported data were 
argued against an inherent social-desirability bias, 
and a recent study investigating the relationship be-
tween fWHR and aggressiveness was designed to 
incorporate data collected from the colleagues of the 
study subjects [34]. However, that study design still 
carries an intrinsic risk of bias, as the colleagues might 
hesitate to reveal real opinions on the behavioural 
characteristics of the subjects studied. For nearly 
three decades, the Buss-Perry questionnaire [5] has 
been one of the most commonly used instruments 
for assessing aggression with confirmed statistical 
relevance. Most studies revealed that aggressive ten-
dencies of males, especially in physical and direct 
subdomains of aggression were more prominent 
than females, and under unprovoked conditions  
[2, 3, 17]. We used an adapted version of the Buss-
-Perry questionnaire [6], and found that general ag-
gression scores of males were significantly higher than 
the scores of females. The males had higher scores 
in verbal aggression, anger, hostility, and indirect ag-
gression subdomains. Although male students scored 
higher in physical aggression, the statistical analysis 
did not show any significant difference between gen-
ders. In a very recent study, the gender difference 
was shown to be erased for physical aggression in 
situations that involved provocative stimulations [35].  
Based on those recent findings, it can be speculated 
that the questions, in particular, the ones assessing 
the physical aggression subdomain, might have pro-
voked emotionally stimulative responses in female 
students. 

The dimensions and shape of the craniofacial re-
gion that are extremely variable among human pop-
ulations and ethnic groups [23] have been routinely 
used by anthropologists, forensic experts, anatomists, 
and surgeons. Although indirect methods of anthro-
pometric measurements have been used, the gold 
standard is still considered to be the direct in-vivo 
technique, which is conventional and low-cost. This 
quantitative method allows an accurate measurement 
of hair-covered areas and lacks the risk of causing 
distorted views that are occasionally caused by pho-

tographic images used in indirect anthropometry [23, 
33]. Pouya et al. [29] compared the direct and indirect 
anthropometric measurements for the analysis of 
cephalofacial dimensions and found that the mean 
cranial length of males was higher than females. 
As a negligible difference was found between the 
two techniques, they suggested using the robust 
and low-cost direct anthropometric methodology for 
constructing more extensive normative databases.  
A complete assessment of the craniofacial region, 
consisting of the shape and form of cranium and face, 
can be performed thoroughly by using anthropomet-
rical indices derived from craniofacial measurements 
[9, 33]. In recent anthropometric studies of the face, 
the results showed that total facial height, upper 
facial height, and facial width of males were higher 
than those of females. The facial indices were also 
found to be higher in males compared to females 
[9, 28]. The results of a multiparametric cranial mor-
phometric study in a Turkish population showed that 
fourteen radiologically assessed measurements were 
higher in males than females [10]. In the current 
study, out of the 6 cranial and 12 facial dimensions 
measured, we found that only the frontal height and 
the total lip height were not significantly different 
between male and female students. The remaining 16 
craniofacial measurements were significantly higher 
in males compared to females. The total lip height 
of males was found to be significantly higher than 
the females in a study [31]. A recent study showed 
that the mean value of frontal height in males was 
significantly more than that of the females [32]. The 
discrepancy between our findings and the results 
of the study by Sirinturk et al. [32] might be due to 
direct and indirect anthropometric techniques used 
in ours and theirs, respectively. 

There is extensive research on the association of 
physical characteristics and behavioural tendencies, 
and fWHR appears to be the most common point of 
consensus on its relationship with aggression in males 
[1, 12, 13, 15], although there are some study results 
that did not reveal this relationship [14, 27]. Testos-
terone has been suggested as the primary mediator 
of the fWHR and aggression relationship [7, 16, 22]; 
however, several study results did not support this 
suggestion [4, 22]. In a recent genetics study, three 
single nucleotide polymorphisms associated with the 
testosterone levels in the body were reported to have 
an apparent effect on mandible shape and fWHR [30]. 
The considered dimorphic property of fWHR [12] is 
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also questioned in a meta-analysis [21]. Köllner et 
al. [19] argued against those negative claims and 
emphasized the importance of conducting inves-
tigative studies without pre-specification of facial 
features of interest. The authors further suggested 
the measurement of additional points, ratios, and 
distances to keep the research from over-focusing 
on the same subset of indicators with inconsistent 
results. Moreover, the authors of a study suggested 
the facial height and width should be tested inde-
pendently to reduce the ambiguity of using the ratio 
between these two components [8]. In another study, 
the authors discussed that the missing link causing 
inconsistent results between fWHR and aggression 
could be the lack of control over critical influencing 
factors such as BMI [25]. 

In consideration of the arguments and sugges-
tions reviewed from the available literature, we 
analysed our results statistically for the correlation 
between aggression and craniofacial characteristics 
by controlling the BMI. We measured 6 cranial and 
12 facial anthropometric dimensions and derived  
3 cranial and 5 facial indices from those. None of the 
facial indices showed a significant difference between 
the genders, while cranial CL-HC-I and F-I indices were 
significantly higher in the male students compared 
to those of the females.

When we analysed the correlation between ag-
gression and craniofacial characteristics, we found 
that none of the craniofacial indices of female stu-
dents were significantly correlated with aggression or 
its subdomains. For male students, no correlation in 
anger and hostility subdomains was present for any 
of the craniofacial indices. The general and verbal 
aggression in males correlated with frontal, upper 
facial, and total facial height-facial width indices. The 
physical aggression subdomain in males was found 
to be correlated with frontal and upper facial indices, 
while indirect aggression in males correlated with up-
per facial and total facial height-facial width indices.

To the best of our knowledge, this is the first 
anthropometric evaluation of multiparametric cranio-
facial features and their correlation with aggression 
and subdomains in a large sample size with both 
genders represented. The strengths and limitations of 
our study should be acknowledged. The sample size, 
as well as the sampling homogenisation, the evalua-
tion of multiparametric craniofacial characteristics by 
using direct measurement technique, constitute the 
advantages of the current study compared to similar 

studies. Nevertheless, we should note that the study 
population only involves students, so the results can-
not be safely extrapolated to the general population. 
The current study also has the same disadvantages 
inherent to most anthropometric studies, which is the 
lack of standardised terminology and methodology. 
These two points are crucial and need to be improved 
for reducing the errors in measurement and interpre-
tation of the results.

CONCLUSIONS
In conclusion, we suggest that further studies de-

signed with multiple anthropometric measurements 
and a study group reflecting the general structure of 
the population should be conducted for investigating 
the association of aggression and craniofacial fea-
tures, and replicate and extend the current findings.
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Background: This study aims to revisit the anatomy of orbital segment of the 
third cranial nerve (CN III). The study also involved morphometric measurements of  
CN III muscular branches. Detailed description of observed anatomical variations 
and their incidence was also included. The study supplements earlier findings with 
detailed observations of the neuromuscular relations.
Materials and methods: The study was conducted on 52 orbits taken from  
26 cadaveric heads (10 males and 16 females; Central European population).
Results: Anatomical variations of the orbital segment of the CN III observed on 
the examined material involved both the superior and inferior branch of this 
nerve. The muscular branch innervating the levator palpebrae superioris muscle 
occasionally pierces the superior rectus muscle. The nerve to the inferior oblique 
muscle may pierce and innervate the inferior rectus muscle. In rare instances, 
duplication of the parasympathetic root of the ciliary ganglion may also occur. 
Among the muscular branches, the smallest diameter reached the branch to 
the levator palpebrae superioris muscle. Among the three muscular branches 
derived from the inferior branch of the CN III, the nerve to the inferior oblique 
was the longest one. Its length varied from 28.9 mm to 37.4 mm. The shortest 
was the muscular branch to the inferior rectus muscle. Its length varied from  
0 mm (when muscular sub-branches arose directly from the nerve to the inferior 
oblique muscle) to 7.58 mm.
Conclusions: This study presented the characteristic of orbital segment of the 
CN III, including anatomical variations and morphometric measurements relevant 
to intraorbital procedures. (Folia Morphol 2021; 80, 1: 63–69)
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INTRODUCTION
The oculomotor nerve is the third cranial nerve 

(CN III). It runs in the superior orbital fissure to enter 
the orbit. The CN III provides motor innervation to the 
levator palpebrae superioris and almost all extraocular 
muscles except the superior oblique and lateral rectus 
muscle. It also carries preganglionic parasympathetic 
fibres to the sphincter pupillae and the ciliary muscles 

of the eye [1, 10, 22, 24, 27]. Those fibres enter the 
ciliary ganglion through the motor (parasympathetic) 
root of the ganglion. The postganglionic fibres leave 
the ganglion and reach the eyeball through via the 
short ciliary nerves [11, 17, 25].

The CN III enters the orbit through the superior 
orbital fissure and from this point the orbital segment 
of the nerve begins [18, 21]. Just after reaching the 
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orbit, the CN III is divided into two main subdivisions, 
namely the superior and inferior branch. The superior 
branch rans on the lateral and then over the optic 
nerve and ophthalmic artery and innervates the su-
perior rectus and levator palpebrae superioris muscle 
[1, 10, 22, 24]. The inferior branch, in turn, is thicker 
and gives off three muscular branches: the branch 
to the medial rectus muscle which runs under the 
optic nerve; the branch to the inferior rectus which 
is the shortest; and the branch to the inferior oblique 
muscle (also called the nerve to the inferior oblique 
muscle) which courses along the lateral side of the 
inferior rectus muscle. In most of cases the parasym-
pathetic root of the oculomotor nerve branches off 
the muscular branch to the inferior oblique muscle 
[11, 17, 25]. 

When CN III is paralysed, drooping of the upper 
eyelid (ptosis) may occur. In those cases, the eyeball 
is directed laterally and downwards (divergent stra-
bismus) [24]. If parasympathetic fibres are affected, 
the pupil dilates and the accommodation of the eye is 
also affected [5, 24]. Cases of selective damage of the 
CN III muscular branches were also described [4, 7].

Occasionally, some deviations from the typical 
anatomy of the CN III may be observed. Anatomical 
variations of the CN III may have significant clinical 
importance both during surgical procedures carried 
out inside the orbit, and when diagnosing clinical 
symptoms of damage to CN III or its branches [4, 7, 
15, 23, 26]. Thus, the goal of this work was to de-
scribe the anatomy of orbital segment of the CN III. 
The study also involved morphometric measurements 
of CN III muscular branches. Detailed description of 
observed anatomical variations and their incidence 
was also included. The study supplements earlier 
findings with detailed observations of the neuro-
muscular relations.

MATERIALS AND METHODS
The study was performed on 52 orbits taken from 

26 cadaveric heads (10 males and 16 females; Central 
European population), fixed in 10% formalin solu-
tion. Cadavers used for the study did not show any 
craniofacial deformities, scars or traces of previous 
surgical interventions within the head. The study was 
approved by the Bioethics Committee (consent no. 
RNN/338/17/KE).

Dissection procedure was performed based on 
previously developed protocols [3, 9]. The superior 
and lateral walls (and upper part of the medial wall) 

of the orbit were removed with a Luer bone rongeur 
and chisel. Opening of the superior orbital fissure 
and optic canal was also performed. The periorbita 
was bluntly separated from the remaining orbital 
walls, the nerves and vessels were cut at the level 
of the superior orbital fissure (and the optic canal), 
and then all orbital content was carefully removed. 
Subsequent section steps included the removal of 
the lateral rectus muscle which allowed the exposure 
of the intraconal space, removal of the fatty tissue 
and visualisation of the oculomotor nerve with its 
branches. Ciliary ganglion with its parasympathetic 
roof was also preserved. At this step anatomical var-
iations involving CN III were recorded.

The measurements were taken with an electronic 
calliper (Mitutoyo Corporation, Kawasaki-shi, Kana-
gawa, Japan). Each measurement was taken inde-
pendently by all authors with accuracy of 0.01 mm 
and included: the diameter of the CN III, diameters of 
its superior and inferior branch as well as diameters 
of all muscular branches. Furthermore, the lengths of 
all CN III branches were measured (from the origin of 
a given branch to the place of its division). The length 
of the superior and inferior branch of the CN III was 
measured from the level of the superior orbital fissure 
to the place of subsequent division into muscular 
branches. The lengths of the muscular branches were 
measured between their origins and the places of 
their division into muscular sub-branches, i.e. small 
divisions that reached the internal, global surface 
of individual muscles (the lengths of the muscular 
sub-branches defined in this way were also meas-
ured). Basic descriptive statistics (minimal and max-
imal values, mean, median and standard deviation) 
were calculated for the collected measurements.

RESULTS
The measurements of the CN III and its branches 

are given in Tables 1 and 2. Variability in size of cer-
tain CN III branches was observed on the examined 
material. The length of the superior branch of the  
CN III ranged from 5.88 mm to 12.96 mm. The length of 
the inferior branch of the CN III ranged from 6.49 mm  
to 9.98 mm. In all examined cases the inferior branch 
was thicker (taking into account all cases examined, 
the mean diameter of the superior branch was  
1.17 mm, while the mean diameter of the inferior 
branch was 1.61 mm). Among the muscular branches, 
the smallest diameter reached the branch to the leva-
tor palpebrae superioris muscle. Its diameter measured 
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from 0.19 mm to 0.37 mm. Among the three muscu-
lar branches derived from the inferior branch of the 
CN III, the nerve to the inferior oblique was the long-
est one. Its length varied from 28.9 mm to 37.4 mm,  
its diameter ranged from 0.51 mm to 1.04 mm. The 
shortest was the muscular branch to the inferior 
rectus muscle. The length of this branch varied from  
0 mm (when muscular sub-branches arose directly from 
the nerve to the inferior oblique muscle) to 7.58 mm.  
Its diameter ranged from 0.57 mm to 0.96 mm. 

All muscular branches derived from CN III under-
went subsequent divisions into sub-branches reach-
ing the internal (global) surfaces of each muscle. The 
number of muscular sub-branches reaching the su-
perior rectus muscle varied on the examined material 

from 4 to 7 (mean: 5.4, median: 5, SD: 0.8). The num-
ber of muscular sub-branches reaching the medial rec-
tus muscle varied from 4 to 7 (mean: 5.7, median: 6,  
SD: 0.9). The number of muscular sub-branches reach-
ing the inferior rectus muscle varied from 2 to 4 
(mean: 3.5, median: 4, SD: 0.8). While the number of 
muscular sub-branches reaching the inferior oblique 
muscle varied from 3 to 4 (mean: 3.6, median: 4, 
SD: 0.5).

Anatomical variations of the orbital segment of 
the CN III observed on the examined material included 
both the superior and inferior branch of this nerve. 
Regarding the superior branch of the CN III, anatom-
ical variability was related to the muscular branch 
innervating the levator palpebrae superioris muscle. 
In all cases this branch originated on the inferior 
surface of the superior rectus muscle as one among 
the terminal sub-branches of the superior branch of 
the CN III. In most of cases (47/52; 90.4%) the branch 
wrapped around the medial border of the superior 
rectus muscle to reach the levator palpebrae superio-
ris muscle (Fig. 1). However, in the remaining 9.6% of 
cases (5/52; in 1 female head bilaterally, in 1 female 
head unilaterally and in 2 male heads unilaterally) 
this branch pierced the superior rectus muscle and 
then joined the levator palpebrae superioris (Fig. 2). 

Regarding the inferior branch of the CN III, ana-
tomical variations involved the nerve to the inferior 
oblique muscle, muscular sub-branches to the inferior 
rectus muscle, as well as parasympathetic root of the 
ciliary ganglion. In most cases (44/52 orbits; 84.6%) 
the nerve to the inferior oblique muscle ran along the 

Table 1. Diameters of third cranial nerve (CN III) superior and 
inferior branch as well as diameters of all muscular branches

Variable Minimum 
[mm]

Maximum 
[mm]

Mean 
[mm]

Median 
[mm]

SD 
[mm]

1 1.96 3.04 2.47 2.34 0.35

2 0.88 1.46 1.17 1.21 0.16

3 0.19 0.37 0.27 0.26 0.06

4 1.27 1.9 1.61 1.68 0.18

5 0.77 1.44 1.04 0.98 0.22

6 0.57 0.96 0.75 0.68 0.15

7 0.51 1.04 0.8 0.83 0.14

1 — diameter of the CN III; 2 — diameter of superior branch of CN III; 3 — diameter of 
muscular branch to the levator palpebrae superioris; 4 — diameter of inferior branch of 
CN III; 5 — diameter of muscular branch to the medial rectus muscle; 6 — diameter of 
muscular branch to the inferior rectus muscle; 7 — diameter of the nerve to the inferior 
oblique muscle; SD — standard deviation

Table 2. Lengths of all branches of the third cranial nerve (CN III)

Variable Minimum 
[mm]

Maximum 
[mm]

Mean 
[mm]

Median 
[mm]

SD 
[mm]

1 5.88 12.96 9.15 8.69 2.44

2 8.39 12.46 10.37 10.48 1.42

3 6.49 9.98 8.33 8.22 1.18

4 4.52 8.86 6.61 6,18 1.62

5 6.9 9.59 8.36 8.36 0.91

6 0 7.58 4.62 5.68 3.24

7 8.79 15.16 11.42 10.99 2.06

8 28.91 37.45 32.72 32.18 2.92

1 — length of superior branch of CN III; 2 — maximal length of the muscular sub-bran-
ches reaching the superior rectus muscle; 3 — length of inferior branch of CN III; 
4 — length of muscular branch to the medial rectus muscle; 5 — maximal length of 
the muscular sub-branches reaching the medial rectus muscle; 6 — length of muscular 
branch to the inferior rectus muscle; 7 — maximal length of the muscular sub-branches 
reaching the inferior rectus muscle; 8 — length of the nerve to the inferior oblique muscle;  
SD — standard deviation

Figure 1. Typical variant in which muscular branch to the levator 
palpebrae superioris (marked by white arrow) wraps around the 
medial border of the superior rectus muscle (sr) to reach its target 
muscle. Superior view to the left orbit; lps — levator palpebrae 
superioris muscle (cut from its origin and reflected); so — superior 
oblique muscle.
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inferior wall of the orbit, between the inferior and 
lateral rectus muscles (Fig. 3). However, in 15.4% of 
cases (8/52 orbits, bilaterally in 1 male and 1 female 
head, unilaterally in 1 male and 3 female heads), this 
nerve pierced the inferior rectus muscle; In all those 
cases, muscular branches to the inferior rectus muscle 
arose from the nerve to the inferior oblique rather 
than forming a separate branch (Fig. 4).

Anatomical variation was also observed regard-
ing parasympathetic root of the ciliary ganglion. 

The length of this root measured from 0.98 mm to  
7.91 mm (mean: 4.41; median: 4.91 mm, SD: 2.6 mm).  
The mean diameter of the parasympathetic root was 
0.41 mm (min: 0.15 mm, max: 0.59 mm, SD: 0.14). In 
majority of cases (47/52; 90.4%) the parasympathetic 
root was single and originated from the nerve to the 
inferior oblique muscle (Fig. 5). However, in 5 (9.6%) 
cases the single parasympathetic root took origin 
directly from the inferior division of the oculomotor 
nerve. In 5 cases the parasympathetic root of the 
ciliary ganglion was double (Fig. 6). In 4 out of those 
cases both roots emerged from the nerve to the infe-
rior oblique muscle, while in one out of those cases 
the first root took origin from the inferior division of 

Figure 4. Variant in which the nerve to the inferior oblique muscle 
(nio) pierces the inferior rectus muscle (ir). Lateral view to the 
right orbit. In this variant, muscular branches to the inferior rectus 
muscle (ir) arise from the nerve to the inferior oblique instead of 
forming a separate muscular branch; cg — ciliary ganglion; io — 
inferior oblique muscle; mbmr — muscular branch to the medial 
rectus muscle; mr — medial rectus muscle; on — optic nerve;  
sr — superior rectus muscle.

Figure 5. Variant with typical, single parasympathetic root (pr) of 
the ciliary ganglion. Lateral view to the right orbit; cg — ciliary 
ganglion; io — inferior oblique muscle; ir — inferior rectus muscle; 
nio — nerve to the inferior oblique muscle; on — optic nerve; scnn 
— short ciliary nerves; sr — superior rectus muscle.

Figure 2. Variant in which muscular branch to the levator palpebrae 
superioris (marked by white arrow) pierces the superior rectus 
muscle (sr) to reach its target muscle. Superior view to the left 
orbit; lps — levator palpebrae superioris muscle (cut from its origin 
and reflected); so — superior oblique muscle.

Figure 3. Typical anatomy of the third cranial nerve (CN III) and its 
branches. Lateral view to the left orbit. The lateral rectus muscle 
was removed to expose the intraconal space. Ciliary ganglion with 
its roots and short ciliary nerves was removed. The superior branch 
(sb) of CN III rans lateral and superior to the optic nerve (on) and 
ophthalmic artery (oa) and innervates the superior rectus (sr) and 
levator palpebrae superioris muscle (removed on this specimen). 
The inferior branch (ib) of CN III is thicker and gives off three 
muscular branches: muscular branch to the medial rectus muscle 
(mbmr) which runs under the optic nerve; muscular branch to the 
inferior rectus muscle (mbir) which is the shortest; and the nerve 
to the inferior oblique muscle (nio) which runs along the lateral bor-
der of the inferior rectus muscle (ir); io — inferior oblique muscle.
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CN III and the second root originated from the nerve 
to the inferior oblique muscle. 

DISCUSSION
According to Bergman et al. [3], anatomical var-

iations of the CN III “may involve the occurrence of 
unusual branches or deviations in the course of its 
branches”. In rare instances a branch from the CN III  
may replace the abducens nerve or may provide  
a branch to the superior oblique muscle [3]. However, 
this was not observed in our material. 

The unexpected anatomical variations of CN III 
branches to the extraocular muscles may have sig-
nificant meaning during orbital imaging or various 
surgical and reconstructive procedures performed 
within the orbit. Black et al. [4] suggest that the 
nerve to the inferior oblique muscle may be prone 
to damage due to its long intra-orbital course along 
the inferior orbital wall; this nerve is located along 
the lateral edge of the lateral rectus muscle and may 
be accidentally injured during surgical procedures 
or inferior orbital wall fractures. Occasionally, the 
nerve to the inferior oblique muscle or some of its 
branches may pierce the inferior rectus muscle [3, 4, 
12, 20]. In our study an incidence of this variation was 
estimated at in 15.4% of specimens. In those cases, 
muscular branches that arise from the nerve to the 
inferior rectus muscle may cause strong connection 
between the two structures; Due to traction of the 
inferior rectus muscle the nerve to the inferior oblique 
muscle may be paralysed [4]. Since parasympathetic 

fibres course most commonly with the nerve to the 
inferior oblique muscle, damage of this nerve may be 
accompanied by a tonically dilated pupil [4].

Typically, the muscular branch to the levator palpe-
brae superioris muscle courses along the medial bor-
der of the superior rectus muscle, wraps around this 
border and reaches its target muscle. The incidences 
of this typical variant reported by different authors 
vary between 78.6% and 87.5% [8, 10]. Occasionally, 
the muscular branch to the levator may pierce the su-
perior rectus muscle and after that enters the inferior 
surface of the levator palpebrae. The incidence of this 
variant ranges between 12.5% and 21.4% [8, 10]. The 
same variation was also described by Bye et al. [6]. Iso-
mura [19], reporting different variations in which two 
muscular branches to the levator palpebrae superioris 
united to form a common loop before supplying the 
muscle. In the presented study a branch to the levator 
palpebrae superioris muscle was characterised by the 
smallest diameter. It seems to be additionally fixed 
in cases where it pierces the superior rectus muscle, 
which may potentially increase the risk of damage of 
this branch to injury.  

Regarding the parasympathetic root of the ciliary 
ganglion, variations in number, shape and diameter of 
this root were reported [11, 14, 17, 25]. Occasionally, 
duplication or triplication of the parasympathetic root 
may be observed [3, 11]. In one study the incidence 
of this variation was estimated at 10% of cases [11]. 
However, in the study of Tesapirat et al. [25] a single 
motor root was found in only 62.5% of cases. In the 
presented study duplication of the parasympathetic 
root was observed in per cent of specimens. When 
the parasympathetic root is duplicated one root may 
arise from the inferior division of the CN III while and 
another may take origin from the nerve to the inferior 
oblique muscle, both roots may also originate from 
those nerve [11]. Both the length of the parasympa-
thetic root of the ciliary ganglion and its origin may 
also be variable, which was confirmed in the present-
ed study. Knowledge of anatomical relations between 
the parasympathetic root of the ciliary ganglion and 
the inferior division of the oculomotor nerve (or the 
nerve to the inferior oblique muscle) may help with 
understanding risk to those structures that may occur 
during specific traumas or surgical procedures. For 
instance, Bayramlar et al. [2] described the mydriasis 
associated with the damage of the inferior division 
of the CN III resulting from complications of sinus 
surgery. Risk for the ciliary ganglion associated with 

Figure 6. Variant in which the parasympathetic root (pr) of the 
ciliary ganglion is duplicated. Lateral view to the left orbit. In this 
specimen one root is derived from the inferior branch of the third 
cranial nerve and the second root takes origin from the initial part 
of the nerve to the inferior oblique muscle (nio); cg — ciliary gan-
glion; ir — inferior rectus muscle; on — optic nerve; scnn — short 
ciliary nerves; sr — superior rectus muscle.
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orbital floor fractures was stressed by Bodker et al. [5],  
He et al. [15] and Hornblass [16]. Those authors an-
alysed association between fractures of inferior wall 
of the orbit and complications such as traumatic 
mydriasis.

From the practical point of view, the microsur-
gical anatomy of orbital segment of the CN III may 
be crucial in planning surgical accesses that allow 
extraocular muscles function to be preserved. It may 
also help to better understand the specific symptoms 
of damage to this nerve. The two main divisions of the 
CN III (namely superior and inferior branch) innervate 
most of the extraocular muscles. The superior branch 
of the CN III travels along the inferior surface of the 
superior rectus muscle and gives mean 5 (from 3 to 7) 
muscular sub-branches to this muscle [22, 27]. Those 
results are consistent with data provided in present-
ed study, in which the mean number of muscular 
sub-branches reaching the superior rectus muscle was 
5.4 (median: 5). As noted earlier in the discussion, the 
superior branch supplies also the levator palpebrae 
superioris muscle.

The inferior division of the CN III is typically divided 
into three muscular branches: a branch to the medial 
rectus muscle, muscular branch to the inferior rectus 
muscle and the nerve to the inferior oblique muscle 
[12]. According to Park et al. [22] and Zhang et al. 
[27] the range of muscular sub-branches that may 
reach the internal surface of the inferior rectus mus-
cle is from 3 to 10. However, in the presented study 
the number of muscular sub-branches reaching the 
inferior rectus muscle varied from 2 to 4 (mean: 3.5, 
median: 4). This difference may be due to the fact 
that only primary divisions of the muscular branches 
reaching the inferior rectus muscle were included in 
this work. The last muscular branch of the inferior 
division of the oculomotor nerve reaches the medial 
rectus muscle. This branch may be divided into 3 to  
8 sub-branches (mean: 5) innervating the medial rec-
tus muscle. In the presented study the mean number 
of muscular sub-branches reaching the medial rectus 
muscle was 5.7 (median: 6). However, in one recent 
study based on Sihler’s stain, the number of nervous 
branches reaching the medial rectus muscle from  
4 to 8 (mean: 5.4, median: 5) [13].

CONCLUSIONS
This study presented the characteristic of orbital 

segment of the CN III, including anatomical variations 
and morphometric measurements relevant to intraor-

bital procedures. Anatomical variations of the orbital 
segment of the CN III involved both the superior and 
inferior branch of this nerve. The muscular branches 
innervating the levator palpebrae superioris muscle 
occasionally pierce the superior rectus muscle. The 
nerve to the inferior oblique muscle may pierce and 
innervate the inferior rectus muscle. The parasympa-
thetic root of the ciliary ganglion may be duplicated. 
Knowledge of anatomical variations of the CN III or-
bital segment is important during surgical procedures 
conducted within the orbit and during diagnosing 
clinical symptoms of damage to CN III or its branches.

Acknowledgements

The authors wish to express their gratitude to all 
those who donated their bodies to medical science.

REFERENCES
1. Apaydin N, Kendir S, Karahan ST. The anatomical rela-

tionships of the ocular motor nerves with an emphasis 
on surgical anatomy of the orbit. Anat Rec (Hoboken). 
2019; 302(4): 568–574, doi: 10.1002/ar.23820, indexed 
in Pubmed: 29659177.

2. Bayramlar H, Miman MC, Demirel S. Inferior oblique pa-
resis, mydriasis, and accommodative palsy as temporary 
complications of sinus surgery. J Neuroophthalmol. 2004; 
24(3): 225–227, doi: 10.1097/00041327-200409000-
00009, indexed in Pubmed: 15348990.

3. Bergman RA, Afifi AK, Miyauchi R. 2015. Illustrated Ency-
clopedia of Human Anatomic Variation. Opus III: Nervous 
System. https://www.anatomyatlases.org/AnatomicVari-
ants/NervousSystem/Text/OculomotorNerve.shtml.

4. Black EH, Nesi FA, Gladstone GJ, Levine MR. (Eds). Smith and 
Nesi’s Ophthalmic Plastic and Reconstructive Surgery. Spring-
er, New York, Dodrecht, Heidelberg, London 2012: 186–187.

5. Bodker F, Cytryn A, Putterman A, et al. Postoperative 
mydriasis after repair of orbital floor fracture. Am  
J Ophthalmol. 1993; 115(3): 372–375, doi: 10.1016/
s0002-9394(14)73591-3.

6. Bye LA, Modi NC, Stanford M. Basic Sciences for Oph-
thalmology. Oxford University Press, Oxford 2013: 1–57.

7. Cárdenas-Mejía A, Palafox D, Téllez-Palacios D, et al. Le-
vator palpebrae superioris muscle direct neurotization.  
J Craniofac Surg. 2017; 28(8): e747–e748, doi: 10.1097/
SCS.0000000000003924, indexed in Pubmed: 28953147.

8. Djordjević B, Novaković M, Milisavljević M, et al. Surgical 
anatomy and histology of the levator palpebrae superioris 
muscle for blepharoptosis correction. Vojnosanit Pregl. 
2013; 70(12): 1124–1131, doi: 10.2298/vsp1312124d, 
indexed in Pubmed: 24450257.

9. Haładaj R, Wysiadecki G, Tubbs R. Intramuscular innervation 
of the lateral rectus muscle evaluated using sihler’s staining 
technique: Potential application to strabismus surgery. Clin 
Anat. 2020; 33(4): 585–591, doi: 10.1002/ca.23452.

10. Haładaj R, Wysiadecki G, Tubbs R, et al. Anatomical 
variations of the levator palpebrae superioris, including 
observations on its innervation and intramuscular nerves’ 

http://dx.doi.org/10.1002/ar.23820
https://www.ncbi.nlm.nih.gov/pubmed/29659177
http://dx.doi.org/10.1097/00041327-200409000-00009
http://dx.doi.org/10.1097/00041327-200409000-00009
https://www.ncbi.nlm.nih.gov/pubmed/15348990
https://www.anatomyatlases.org/AnatomicVariants/NervousSystem/Text/OculomotorNerve.shtml
https://www.anatomyatlases.org/AnatomicVariants/NervousSystem/Text/OculomotorNerve.shtml
http://dx.doi.org/10.1016/s0002-9394(14)73591-3
http://dx.doi.org/10.1016/s0002-9394(14)73591-3
http://dx.doi.org/10.1097/SCS.0000000000003924
http://dx.doi.org/10.1097/SCS.0000000000003924
https://www.ncbi.nlm.nih.gov/pubmed/28953147
http://dx.doi.org/10.2298/vsp1312124d
https://www.ncbi.nlm.nih.gov/pubmed/24450257
http://dx.doi.org/10.1002/ca.23452


69

R. Haładaj et al., Orbital segment of the oculomotor nerve

distribution pattern. Ann Anat. 2020; 228: 151439, doi: 
10.1016/j.aanat.2019.151439.

11. Haładaj R. Anatomical variations of the ciliary ganglion 
with an emphasis on the location in the orbit. Anat Sci Int. 
2020; 95(2): 258–264, doi: 10.1007/s12565-019-00518-x, 
indexed in Pubmed: 31845184.

12. Haładaj R. Normal anatomy and anomalies of the rectus 
extraocular muscles in human: a review of the recent data 
and findings. Biomed Res Int. 2019; 2019: 8909162, doi: 
10.1155/2019/8909162, indexed in Pubmed: 31976329.

13. Haładaj R. Comparison of lateral and medial rectus muscle 
in human: an anatomical study with particular emphasis 
on morphology, intramuscular innervation pattern varia-
tions and discussion on clinical significance. Surg Radiol 
Anat. 2020; 42(5): 607–616, doi: 10.1007/s00276-019-
02400-x, indexed in Pubmed: 31897658.

14. Hamel O, Corre P, Ploteau S, et al. Ciliary ganglion affer-
ents and efferents variations: a possible explanation of 
postganglionic mydriasis. Surg Radiol Anat. 2012; 34(10): 
897–902, doi: 10.1007/s00276-012-1000-5, indexed in 
Pubmed: 23076729.

15. He D, Blomquist PH, Ellis E. Association between ocular in-
juries and internal orbital fractures. J Oral Maxillofac Surg. 
2007; 65(4): 713–720, doi: 10.1016/j.joms.2006.09.006, 
indexed in Pubmed: 17368368.

16. Hornblass A. Pupillary dilatation in fractures of the floor of 
the orbit. Ophthalmic Surg. 1979; 10(11): 44–46, indexed 
in Pubmed: 523058.

17. Iaconetta G, de Notaris M, Cavallo LM, et al. The ocu-
lomotor nerve: microanatomical and endoscopic study. 
Neurosurgery. 2010; 66(3): 593–601; discussion 601, 
doi: 10.1227/01.NEU.0000365422.36441.C8, indexed in 
Pubmed: 20173555.

18. Isomura G. Nerve supply for anomalous ocular muscle 
in man. Anat Anz. 1977; 142(3): 255–265, indexed in 
Pubmed: 603076.

19. Izci Y, Gonul E. The microsurgical anatomy of the ciliary 
ganglion and its clinical importance in orbital traumas: 
an anatomic study. Minim Invasive Neurosurg. 2006; 
49(3): 156–160, doi: 10.1055/s-2006-944241, indexed in 
Pubmed: 16921456.

20. Kocabiyik N. Chapter 22: Orbital muscles. In: Tubbs RS, 
Shoja MM, Loukas M (Eds.). Bergman’s Comprehensive 
Encyclopedia of Human Anatomic Variation. Wiley, Ho-
boken 2016: 207–211.

21. Natori Y, Rhoton AL. Microsurgical anatomy of the supe-
rior orbital fissure. Neurosurgery. 1995; 36(4): 762–775, 
doi: 10.1227/00006123-199504000-00018, indexed in 
Pubmed: 7596508.

22. Park HK, Rha HK, Lee KJ, et al. Microsurgical anatomy of 
the oculomotor nerve. Clin Anat. 2017; 30(1): 21–31, doi: 
10.1002/ca.22811, indexed in Pubmed: 27859787.

23. Shin HJ, Lee SH, Ha TJ, et al. Intramuscular nerve dis-
tribution in the medial rectus muscle and its clinical 
implications. Curr Eye Res. 2019; 44(5): 522–526, doi: 
10.1080/02713683.2018.1562556, indexed in Pubmed: 
30624996.

24. Standring S. (ed.). Gray’s Anatomy: The anatomical basis 
of clinical practice, 41st ed. Churchill Livingstone., Edin-
burgh, London 2016.

25. Tesapirat L, Jariyakosol S, Chentanez V. Morphometric 
study of the ciliary ganglion and its pertinent intraorbital 
procedure. Folia Morphol. 2020; 79(3): 438–444, doi: 
10.5603/FM.a2019.0112, indexed in Pubmed: 31621056.

26. Tsuda H, Tanaka K. Clinico-anatomical analysis of the fibers 
to the inferior rectus muscle in the oculomotor fascicles. 
Intern Med. 2012; 51(15): 2031–2034, doi: 10.2169/in-
ternalmedicine.51.7914, indexed in Pubmed: 22864132.

27. Zhang Yi, Liu H, Liu EZ, et al. Microsurgical anatomy of 
the ocular motor nerves. Surg Radiol Anat. 2010; 32(7): 
623–628, doi: 10.1007/s00276-009-0585-9, indexed in 
Pubmed: 19885637.

http://dx.doi.org/10.1016/j.aanat.2019.151439
http://dx.doi.org/10.1007/s12565-019-00518-x
https://www.ncbi.nlm.nih.gov/pubmed/31845184
http://dx.doi.org/10.1155/2019/8909162
https://www.ncbi.nlm.nih.gov/pubmed/31976329
http://dx.doi.org/10.1007/s00276-019-02400-x
http://dx.doi.org/10.1007/s00276-019-02400-x
https://www.ncbi.nlm.nih.gov/pubmed/31897658
http://dx.doi.org/10.1007/s00276-012-1000-5
https://www.ncbi.nlm.nih.gov/pubmed/23076729
http://dx.doi.org/10.1016/j.joms.2006.09.006
https://www.ncbi.nlm.nih.gov/pubmed/17368368
https://www.ncbi.nlm.nih.gov/pubmed/523058
http://dx.doi.org/10.1227/01.NEU.0000365422.36441.C8
https://www.ncbi.nlm.nih.gov/pubmed/20173555
https://www.ncbi.nlm.nih.gov/pubmed/603076
http://dx.doi.org/10.1055/s-2006-944241
https://www.ncbi.nlm.nih.gov/pubmed/16921456
http://dx.doi.org/10.1227/00006123-199504000-00018
https://www.ncbi.nlm.nih.gov/pubmed/7596508
http://dx.doi.org/10.1002/ca.22811
https://www.ncbi.nlm.nih.gov/pubmed/27859787
http://dx.doi.org/10.1080/02713683.2018.1562556
https://www.ncbi.nlm.nih.gov/pubmed/30624996
http://dx.doi.org/10.5603/FM.a2019.0112
https://www.ncbi.nlm.nih.gov/pubmed/31621056
http://dx.doi.org/10.2169/internalmedicine.51.7914
http://dx.doi.org/10.2169/internalmedicine.51.7914
https://www.ncbi.nlm.nih.gov/pubmed/22864132
http://dx.doi.org/10.1007/s00276-009-0585-9
https://www.ncbi.nlm.nih.gov/pubmed/19885637


Folia Morphol. 
Vol. 80, No. 1, pp. 70–75

DOI: 10.5603/FM.a2020.0037
Copyright © 2021 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

70

Address for correspondence: Dr. Y.-S. Kim, Catholic Institute for Applied Anatomy, College of Medicine, Catholic University of Korea,  
Banpo-Daero 222, Seocho-Gu, Seoul, Republic of Korea, 06591, tel: 82-2-2258-7442, fax: 82-2-537-7081, e-mail: jwkiss@catholic.ac.kr

Anatomy of the superior hypogastric plexus 
and its application in nerve-sparing paraaortic 
lymphadenectomy
H. Kim1 , Y.S. Nam2, U.-Y. Lee1, 2, I.-B. Kim1, 2, Y.-S. Kim1, 2

1Department of Anatomy, College of Medicine, Catholic University of Korea, Seoul, Korea 
2Catholic Institute for Applied Anatomy, College of Medicine, Catholic University of Korea, Seoul, Korea

[Received: 7 February 2020; Accepted: 16 February 2020]

Background: The purpose of this study was to clarify the anatomy of the superior 
hypogastric plexus, which would contribute to advancement of nerve-sparing 
paraaortic lymphadenectomy. 
Materials and methods: Eighteen cadavers were dissected and morphometrically 
analysed based on photographic images. Anatomical landmarks such as aortic 
bifurcation, transitional points of abdominal aorta to bilateral common iliac arter-
ies, and cross point of the right ureter and pelvic brim, and cross point of sigmoid 
mesentery and pelvic brim were selected as reference points. 
Results: The left lowest lumbar splanchnic nerve was located more laterally to 
transitional point of abdominal aorta to in 11/18 specimens, whereas the right 
lowest lumbar splanchnic nerve passed onto the right transitional point in only 
one specimen. The lowest lumbar splanchnic nerves or the superior hypogastric 
plexus covered the aortic bifurcation in 11/18 specimens. The superior hypogastric 
plexus was separate from the cross point of right ureter and pelvic brim as well 
as cross point of sigmoid mesentery and pelvic brim.
Conclusions: The superior hypogastric plexus is at risk of injury during paraaortic 
lymphadenectomy because of its topography. Preservation of the superior hypo-
gastric plexus regarding its anatomic basis during paraaortic lymphadenectomy 
is required. (Folia Morphol 2021; 80, 1: 70–75)

Key words: lowest lumbar splanchnic nerves, nerve-sparing surgery, 
superior hypogastric plexus

INTRODUCTION
The superior hypogastric plexus (SHP) is a preaortic 

nervous plexus formed by two lateral roots and one 
median root [17] around the level of aortic bifurcation 
[18]. The lateral roots originate mainly from the low-
est lumbar splanchnic nerves (LSNs) [2] and contain 
a sympathetic component [17]. The median root, or 
a continuation of the abdominal aortic plexus from 
the inferior mesenteric plexus [15, 17], contains both 
sympathetic and parasympathetic components [12]. 
The SHP is divided into paired hypogastric nerves at 

the same level or below the sacral promontory [15, 
17, 18, 21].

Paraaortic lymphadenectomy is a surgical proce-
dure normally performed concurrently with hysterec-
tomy for diagnostic and therapeutic purposes [19]. 
Postoperative complications such as urinary, defecato-
ry, and sexual disorders following paraaortic lymphad-
enectomy have been reported [3, 4, 19]. These post-
operative complications are believed to be caused by 
autonomic denervation during the surgery [19]. Thus, 
nerve-sparing methods have been established, most of 
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which focus on preservation of pelvic autonomic nerves 
including hypogastric nerves, pelvic splanchnic nerves, 
and the inferior hypogastric plexus and its visceral 
branches [10, 13]. However, autonomic denervation-re-
lated complications following non-gynecologic surgery 
that did not involve the true pelvis but the paraaor-
tic area have been reported [8, 9]. These imply that 
autonomic denervation-related complications arising 
after paraaortic lymphadenectomy accompanied by 
hysterectomy could also be caused by injury to more 
superiorly located nervous structure, or SHP.

Most previous morphometric studies describing 
the location of the SHP adopted the midpoint of the 
sacral promontory [18] or the midsagittal plane [17, 
20] as reference points. However, because the sacral 
promontory is covered by the retroperitoneum, the 
common iliac vessels and fatty tissue between them, 
and the anterior longitudinal ligament, it is not clearly 
observable before being fully dissected. If surgical 
circumstances, particularly laparoscopic, limit the 
opportunity for manual palpation, determining the 
accurate midpoint of the sacral promontory can be 
a significant challenge. Therefore, easily identifiable 
anatomical landmarks during the surgery would en-
hance morphometric analysis of the SHP and clinical 
applications to laparoscopic surgery. 

The purpose of this study was to clarify the anat-
omy of the SHP by providing relative position of the 
SHP with morphometric data relevant to anatomical 
landmarks, which would contribute to advancement 
of nerve-sparing techniques surgery.  

MATERIALS AND METHODS 
The institutional review board of the Catholic Uni-

versity of Korea ruled that a cadaveric study is beyond 
its review authority. All cadavers used in this study 
were donated to the Catholic Institute for Applied and 
Clinical Anatomy under informed consent. Exclusion 
criteria included any gross evidences of retroperito-
neal lesions such as aortoiliac lymph nodes metastasis 
and vascular malformations, and abdominopelvic 
surgeries, which could affect quantitative measure-
ments. Eighteen specimens were morphometrically 
analyzed. Ages at death of specimens were 83.2 ± 6.0  
years (range 69.5–91.9). Height and weight of the 
specimens were 153.7 ± 6.6 cm (range 142.0–168.0) 
and 43.4 ± 11.0 kg (range 26.0–64.0), respectively. 
Calculated body mass index was 18.3 ± 3.9 kg/m2 
(range 11.3–25.0).

The method of Paraskevas et al. [17], which in-
volves dissection of the trigone formed by the com-
mon iliac arteries and the sacral promontory, was 
modified. A more enlarged trapezoid-shape incision 
on the retroperitoneum was required to clarify the 
positional relationship of the SHP and anatomical 
landmarks adopted in this study. Five points from the 
abdominal aorta and the common iliac arteries were 
palpated and pinned (Fig. 1A). The retroperitoneum 
overlying the trapezoid formed by the four points, 
except the aortic bifurcation point, was removed with 
minimal structural changes. The inferior mesenteric 
plexus accompanying the inferior mesenteric artery 
was pushed away to the left. The fatty tissue overlying 

Figure 1. A. Anatomical landmarks (indicated by red dots) from the abdominal aorta and the common iliac arteries used in this study. B. Defi-
nition of 12 measurements to represent relative location of superior hypogastric plexus (SHP) and lowest lumbar splanchnic nerves (LSNs) to 
anatomic landmarks; CIA — common iliac artery; AB — aortic bifurcation of the abdominal aorta; TR — transitional point of the abdominal 
aorta to the right CIA; TL — transitional point of the abdominal aorta to the left CIA; CU — cross point of the right ureter and the pelvic brim, 
CSM — cross point of the sigmoid mesentery and the pelvic brim; HAB — a horizontal line passing the aortic bifurcation; LAB — a longitudinal 
line passing the aortic bifurcation; a–d were measured at the superior border level; f and g were measured at the aortic bifurcation level;  
h–k were measured at the inferior border level.
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the SHP was removed and the bilateral borders of 
the SHP were dissected precisely under an OPMI pico 
surgical microscope with 2.5× magnifying lens (Carl 
Zeiss, Oberkochen, Germany). The bilateral lowest 
LSNs were followed to upper limit of the trapezoid. 
The origin of the SHP was determined as the point 
at which the bilateral lowest LSNs converged. The 
dissected SHP was documented by a digital single-lens 
reflex camera (Canon EOS 650D, Tokyo, Japan) with  
a two-centimeter scale bar for morphometric analysis 
in the next step.

Adobe Photoshop CC 2018 (Adobe systems in-
corporated, California, US) was used to measure dis-
tances. A horizontal (HAB) and a longitudinal (LAB) line 
passing the aortic bifurcation point were drawn. The 
aortic bifurcation was regarded as the datum point of 
the quadrant formed by the horizontal and the longi-
tudinal line. A horizontal line connecting the TR and TL 
was drawn for the superior border of the trapezoid. 
Another horizontal line connecting the CU and CSM 
was drawn for the inferior border of the trapezoid. 

Inside the trapezoid, 10 points at three differ-
ent levels were marked (Fig. 1B). When the lowest 
LSN was located more laterally to the apex on the 
superior border, it was not marked. At each of the 
three levels, horizontal distances from the LAB to each 
marked point were measured (Fig. 1B) and described 
as x-coordinates. Marked points at right side of the 

LAB were given negative values. Likewise, longitudinal 
distances from the HAB to each level were measured 
and described as y-coordinates. Marked points below 
the HAB were given negative values. Lengths of the 
superior and the inferior borders were calculated, as 
were the horizontal distances from each apex of the 
trapezoid to the closer border of the lowest LSNs or 
the SHP.

RESULTS
Measurement values representing positional rela-

tionships of the lowest LSNs and the SHP to the aortic 
bifurcation are described as coordinate values in the 
Table 1. Horizontal distances from the four apices 
of the trapezoid to the lowest LSNs or the SHP are 
described in Table 2.

At the superior border level, the left lowest LSNs 
located more laterally to the left upper apex (TL) were 
observed in 11/18 specimens. In the other seven, the 
left lowest LSN was located medially to the TL. In one 
specimen, the right lowest LSN passed onto the TR at 
this level. The maximal distance from the LAB to the 
outer border of the right lowest LSN was measured 
as 12.8 mm, but the maximal distance to the outer 
border of the left lowest LSN could not be measured 
because of the more lateral location of the left lowest 
LSN to the TL. The maximal distance from the LAB to 
the left upper apex was 14.8 mm.

Table 1. Distances from the aortic bifurcation point to the apices of the trapezoid and the preaortic plexus formed by the lowest  
lumbar splanchnic nerves and the superior hypogastric plexus. Data were displayed with millimeter (mm) scale

Symbol Description Coordinate Average SD Range

At the superior border of the trapezoid level

a To right upper apex x –10.2 4.9 –21.2 ~ –3.1

b To outer border of right lowest LSN x –3.3 5.2 –12.8 ~ 7.5

c To outer border of left lowest LSN x 8.8 4.4 –2.2 ~ 14.8

d To left upper apex x 10.5 3.8 0.4 ~ 14.8

e To the superior border of the trapezoid y 12.9 3.7 4.2 ~ 18.4

At the aortic bifurcation level

f To outer border of the right lowest LSN x –1.3 4.0 –9.6 ~ 5.4

g To outer border of the left lowest LSN x 7.6 3.7 –0.8 ~ 13.5

At the inferior border of the trapezoid level

h To the right lower apex x –34.0 7.8 –45.6 ~ –16.1

i To right border of the SHP x –6.8 7.3 –21.1 ~ 5.7

j To left border of the SHP x 12.3 6.9 –3.5 ~ 21.0

k To the left lower apex x 25.5 8.2 11.7 ~ 46.8

l To the inferior border of the trapezoid y –48.5 13.8 –66.3 ~ –15.3

SD — standard deviation; LSN — lumbar splanchnic nerve; SHP — superior hypogastric plexus
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At the aortic bifurcation level, the preaortic plexus 
covered the aortic bifurcation in 11 among 18 speci-
mens despite its slight deviation to either side. In the 
other cases, the entire plexus was observed to be right 
(1/18) or left (6/18) of the LAB. The maximal distances 
from the LAB to the outer border of the plexus were 
9.6 mm right and 13.5 mm left. 

At the inferior border level, the two lower apices 
(CU and CSM) were always separate from the SHP. The 
maximal distances from the LAB to the outer border 
of the SHP were 21.1 mm right and 21.0 mm left. 
The average distance from the right ureter to the SHP 
was almost twice longer than the average distance 
from the sigmoid mesentery to the SHP. 

The SHP was formed below the aortic bifurcation 
in 14 of 18 cases (Fig. 2A). In the other cases, the SHP 
was formed above the aortic bifurcation (Fig. 2B).  
In average, the gap between the two points at each 
level was narrower in the middle of the plexus than in 
the superior and the inferior border. The SHP occupied 
the widest area at the inferior border level.

DISCUSSION
The SHP was found to be at risk of injury during 

paraaortic lymphadenectomy because of its topogra-
phy. The general appearance of the SHP was inferred 
through morphometric analysis in this study. The 
bilateral lowest LSNs converged into and formed the 

Figure 2. Ventral view of the superior hypogastric plexus (SHP); A. The SHP is formed by the bilateral lowest lumbar splanchnic nerves 
(LSNs) below the aortic bifurcation. The SHP is located anterior to left common iliac artery (CIA), the left common iliac vein, and the fifth 
lumbar vertebral body; B. The SHP is formed above the aortic bifurcation. The SHP is located anterior to the right CIA, the left common iliac 
vein, and the fifth lumbar vertebral body. The asterisk (*) indicates the origin of the SHP. Between the bilateral LSNs, multiple fibers from the 
abdominal aortic plexus were observed; AA — abdominal aorta; RCIA — right common iliac artery; LCIA — left common iliac artery;  
LCIV — left common iliac vein.

Table 2. Lengths from the four apices of the trapezoid to the preaortic plexus. Data were displayed with millimeter (mm) scale

Description Average SD Range

At the superior border

Horizontal distance from the right upper apex to the closer border of the lowest LSN 6.8 4.7 0 ~ 18.2

Horizontal distance from the left upper apex to the closer border of the lowest LSN 1.7 2.5 0 ~ 7.6

At the inferior border

Horizontal distance from the right lower apex to the closer border of the SHP 27.2 8.3 12.0 ~ 42.1

Horizontal distance from the left lower apex to the closer border of the SHP 13.2 9.3 2.7 ~ 34.4

SD — standard deviation; LSN — lumbar splanchnic nerve; SHP — superior hypogastric plexus 
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SHP below the aortic bifurcation in 14/18 cases. The 
SHP was formed above the bifurcation, as was also 
reported by Ripperda et al. [18], in four specimens, 
but even in these cases, the origin of the SHP was lo-
cated anterior to the lower portion of the abdominal 
aorta. The SHP, in average, occupied about one third 
of the space between the right ureter and the root of 
the sigmoid mesentery at the sacral promontory level 
and the width of the plexus at this level was wider 
than any of those at the other two levels. Briefly, the 
SHP was usually formed below the aortic bifurcation, 
located anterior to the left common iliac vessels, the 
fifth lumbar vertebral boy, and the sacral promontory 
down from above. The SHP gradually spread again 
like a fan from its origin before it divided into hypo-
gastric nerves around the sacral promontory (Fig. 2A). 
Paraaortic lymphadenectomy involves removal of all 
lymph nodes around the aorta from the left renal vein 
superiorly to the mid-portion of the common iliac 
arteries inferiorly in patients with ovarian cancer or 
endometrial cancer [1, 11]. Depending on surgeons, 
the cephalad extent of paraaortic lymphadenectomy 
may be limited to the level of the inferior mesenteric 
artery for selected cases of cervical cancer [11]. In 
both cases of paraaortic lymphadenectomy, the area 
where the SHP was located is approached.

This study found that the abdominal aortic bi-
furcation should be avoided as an initiation point of 
incision during paraaortic lymphadenectomy. Because 
the preaortic plexus, which is composed of the bilat-
eral LSNs and the abdominal aortic plexus anterior to 
the aortic bifurcation, was located between approxi-
mately 1cm to the right and 1.4 cm left to the bifur-
cation in our specimens, an incision at this point [7]  
would damage the plexus, increasing the possibility 
of postoperative morbidities. For similar reasons, in-
cisions along the bilateral borders of the abdominal 
aorta, particularly around the transitional points of 
the abdominal aorta to the common iliac arteries, are 
not recommended. On the left side, the lowest LSN 
ran down from more lateral side to the abdominal 
aorta and passed anterior to the left common iliac 
artery in usual (11/18) cases. On the right side, one 
case of the lowest LSN was observed to pass onto the 
right transitional points. Incisions placed close to the 
sidewalls of the lower abdominal aorta could damage 
the lowest LSNs. Incisions across the right common 
iliac artery are worth attempting, whereas left-sid-
ed incisions could cause a problem running into 
the sigmoid mesentery. The SHP was about 2.7 cm  

from the cross point of the right ureter and the pel-
vic brim (Table 2). In van Shaik et al. [21], the SHP 
was reported, at the level of the sacral promontory,  
2 cm medial and parallel to the course of the ureters, 
but the sample size (n = 2) was small. Given these 
observations, an initial incision placed on the retro-
peritoneum covering the mid-portion of the right 
common iliac artery would be favorable, and carrying 
out a longitudinal incision along the right sidewall of 
the inferior vena cava to the cephalad direction would 
be a considerable choice to avoid damage to the SHP. 

This study provides positional relationships of the 
SHP to the abdominal aorta and the common iliac 
arteries. Anatomical landmarks such as the aortic 
bifurcation, the transitional points of the abdominal 
aorta to the bilateral common iliac arteries, the cross 
point of the right ureter and the pelvic brim, and the 
cross point of the sigmoid mesentery and the pelvic 
brim were selected for morphometric analysis. The 
aortic bifurcation and the right ureter were easily 
identifiable by inspection or palpation under the re-
troperitoneum even during surgery and have been 
used successfully as anatomical landmarks in previous 
radiologic [5, 16] and dissection studies [18, 21]. The 
root of the sigmoid mesentery was selected because 
the left ureter was covered by the root of the sigmoid 
mesentery [6].

Morphometric data regarding the location and 
general appearance of the SHP would help clinicians 
identify and preserve the SHP behind the retroperi-
toneum, but more caution is required before direct 
and generalised application of this knowledge to 
the operation. Our results are from the specimens 
that were older and had lower body mass indices 
than the average population. This is a limitation of  
a cadaveric study, which completely depends on post-
mortem donation of materials. Radiologic studies 
using high-resolution magnetic resonance imaging 
of live human, such as magnetic resonance neurog-
raphy and combined 3D reconstruction technology 
[14] might address this limitation.

CONCLUSIONS
This study provides clinicians with schematic in-

formation of the SHP applicable to nerve-sparing 
paraaortic lymphadenectomies by suggesting mor-
phometric data with relevance to anatomical land-
marks. The SHP was proven to be at risk of injury 
during paraaortic lymphadenectomy because of its 
topography. A right-sided incision from the mid-por-
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tion of the right common iliac artery to the cephalad 
direction along the right sidewall of the inferior vena 
cava is recommended to preserve the SHP. Identifica-
tion and preservation of the SHP regarding its ana-
tomic basis before lymph node dissection is required. 
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Background: The aim of this study was to evaluate the terminal branch of the 
posterior interosseous nerve (PIN) by anatomically and histologically assessing 
the number, dimension, and area of its individual fascicles, by determining the 
dimension and area of the whole nerve itself, and by calculating the nerve density 
ratio (ratio of the sum of the areas of individual fascicles to the area of the whole 
nerve) of the terminal branch of the PIN.
Materials and methods: Twenty-eight terminal branches of the PIN nerve samples 
were collected from patients undergoing partial denervation of the wrist. The nerve 
samples were fixed in 10% buffered formalin and stained with haematoxylin and 
eosin to visualise their nerve bundles. Quantitative analysis of individual fascicles 
and the whole nerve itself were carried out.
Results: Ten nerve samples (35.7%) had one single fascicle (group 1) while the 
remaining 18 nerve samples (64.3%) contained 2–9 fascicles (group 2). The dif-
ference in the sum of the areas of individual fascicles between the two groups 
did not constitute a statistical difference. Statistically significant between-group 
differences (p < 0.05) were seen in the area of whole nerve, the ratio of fascicle 
area to the nerve cross-sectional area and the cross-section maximum nerve 
length and width. 
Conclusions: The number of nerve fascicles in the terminal branch of the PIN does 
not affect the overall size of the nerve. The majority of the volume of multi-fascicle 
nerves, therefore, primarily consists of the internal perineurium. However, due 
to the low number of nerves, this question cannot be clearly answered. This sets 
a further direction for further research on a larger group. (Folia Morphol 2021; 
80, 1: 76–80)

Key words: terminal branch of the posterior interosseous nerve, wrist 
denervation, posterior interosseous nerve fascicles, nerve graft

INTRODUCTION 
The posterior interosseous nerve (PIN) is one of 

many nerves that innervate the dorsal wrist [2, 10, 
11, 13–15, 22]. The PIN is always excised for both 
partial and complete wrist denervation as a palliative 

method of treatment of a variety of wrist pathologies 
[5, 11]. Due to its consistent anatomical location and 
dimensions, accessibility, limited functional deficit 
after excision [19], and adequate length for reanasta-
mosis, the PIN can be used as a donor graft for digital 
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nerves injuries [1, 4, 9, 17, 18]. A recent publication 
has described the technique of thumb digital nerve 
reconstruction after the excision of a neuroma utilis-
ing an arterialised PIN graft [12]. The assessment of 
the usefulness of PIN as a nerve graft was based on 
the PIN’s similar thickness to that of digital nerves. 
The purpose of this study was to accurately assess the 
structure of the terminal branches of PIN.

MATERIALS AND METHODS
The study material consisted of 28 PIN collected 

from patients treated for wrist pain who underwent 
partial denervation of the wrist between January 2015 
and September 2016. The cause of wrist pain in the 
studied patient population was either due to worsen-
ing of distal PIN syndrome, degenerative changes af-
ter a history of injury, progressing Kienböck’s disease, 
and finally a long course of inflammatory changes. 
In some cases, the PIN was excised to prevent pain 
after ligamentous reconstruction of the wrist. Before 
every wrist denervation, all patients with a diagnosis 
of distal PIN syndrome had preoperative diagnostics 
of the PIN performed with ultrasound. 

All patients signed a written consent for a PIN 
neurectomy and to participate in this study. The 
design of this study was approved by our Regional 
Ethical Review Board. Intraoperative photographs 
were taken for documentation. All operations were 
carried out by the same surgeon who is experienced 
in wrist surgery, under regional anaesthesia with 
3.5× optical magnification. The longitudinal inci-
sion was cut 1 cm ulnar to Lister’s tubercle. The 
extensor retinaculum was opened and the PIN was 
found proximal to or in the floor of the 4th dor-
sal compartment. The samples were then fixed 
in 10% buffered formalin and stayed fixed for  
14 days. Then each sample underwent dehydration and 
paraffin embedding procedures. The paraffin cubes 
were cut with a microtome into 4 um thick sections 
and stained with haematoxylin and eosin to visualise 
the nerve bundles. Quantitative analysis of individual 
fascicles and the whole nerve itself were carried out 
using the Olympus BX43 microscope. Photograph-
ic documentation was achieved using an Olympus  
SC-100 camera. The photographs were then analysed 
using Image J. The number of fascicles in each nerve, 
the surface area of each fascicle, and the thickness of 
the perineurium of each fascicle were evaluated. The 
surface area of the fascicle was calculated with the 
help of the Image J program using a variable scale of 

enlargement through a computer introduced fascicle 
contour (Fig. 1). Next the diameter of the each fas-
cicle was measured. Finally, the longitudinal dimen-
sions, transverse dimensions, and the cross-sectional 
area of the entire nerve were calculated and results 
of the measurements were recorded. 

statistical analysis

The data was presented as percentages, mean 
values with corresponding standard deviations or 
median with quartiles. The Shapiro-Wilk test was used 
to determine if the quantitative data was normally dis-
tributed. The Student’s t-tests and the Mann-Whitney  
U tests for statistical comparisons were addition-
ally used. Statistical analyses were performed with  
STATISTICA v13.1 (StatSoft Inc., Tulsa, OK, USA).  
A p-value of less than 0.05 was considered to be 
statistically significant.

RESULTS
The PIN was harvested from 28 patients —  

15 males (53.6%) and 13 females (46.4%). Partial 

Figure 1. Specimen with single fascicle (A) and two fascicles (B) 
— the black line surrounding the fascicule and the dark blue line 
around the whole nerve. 

A

B
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denervation of the wrist was performed on the right 
wrist in 21 (75%) cases, on the left wrist in 7 (25%) 
cases, and in the dominant hand of the patient 
in 21 (75%) cases. The mean age of patients was  
36.2 ± 15.3 years (range 17–76 years). The causes of 
PIN excision are shown in Table 1.

Ten nerve samples (35.7%) had one single fas-
cicle (group 1) while the remaining 18 nerve sam-
ples (64.3%) contained 2–9 fascicles (group 2). The 
number of multi-fascicle nerves was as follows: 
two-fascicles — 4, three-fascicle — 3, four-fascicle 
— 5, five-fascicle — 1, six-fascicle — 3 and eight and 
nine-fascicle nerves — 1, respectively. The mean values 
of selected parameters in mono-fascicles (group 1)  
and multi-fascicles nerves (group 2) are shown in 
Table 2. No statistical difference was found between 
the genders of the patients, between the sizes of the 
nerves, and between the numbers of fascicles. There 

was no correlation between the age and the size 
of both the nerve and its fascicles. The sum of the 
areas of the individual fascicles in the single fascicle 
nerves (group 1) did not differ from the sum of the 
areas of the individual fascicles in the multi-fascicles 
nerves (group 2) (p = 0.15). However, statistically 
significant differences (p < 0.05) were seen between 
areas of whole nerve, that was larger in multi fascicles 
nerves (group 2). Percentage of fascicles to the nerve 
surface was significantly higher in the mono-fascicle 
nerves (group 1) than in the multi-fascicles group  
(p = 0.002). 

The average nerve density ratio (ratio of the sum of 
the areas individual fascicles to the area of the whole 
nerve) was 25.2%. The average sum of the areas of 
individual fascicles, the cross-sectional area of the 
whole nerve and nerve density ratio with standard 
deviation are given in Table 3.

DISCUSSION
Many publications have shown similarities in the 

size [3, 6, 8, 21] and in the nerve density [17] of 
the PIN compared to digital nerves. However, to the 
knowledge of the authors, this is the first study that 
describes the anatomical structure of the PIN, taking 
into account the relationship between the size and 
number of individual fascicles to the size of the whole 
nerve. Reissis et al. (1992) [17] compared the useful-
ness of the PIN as a donor for digital nerve grafts to 

Table 1. Causes of posterior interosseous nerve (PIN) excision

Cause of PIN neurectomy Amount Percentage

Dorsal PIN syndrome 13 46.4%

SLAC, SNAC 7 25%

SL reconstruction 4 14.3%

Kienböck’s disease 3 10.7%

Rheumatoid arthritis 1 3.6%

SL — scapholunate; SLAC — scapholunate advanced collapse; SNAC — scaphoid 
non-union advanced collapse

Table 2. The mean values of selected parameters in mono-fascicles (group 1) and multi-fascicles nerves (group 2)

Parameter Group Number Average Median Minimum Maximum Bottom 
quartile

Upper 
quartile

Standard 
deviation

Summed area of fascicles [mm2] 1 10 0.19 0.19 0.12 0.27 0.16 0.21 0.05

Area of whole nerve [mm2] 1 10 0.82 0.5 0.23 3.03 0.3 0.97 0.84

Percentage of fascicles to the nerve surface 1 10 36.1 38.2 6.3 69.6 27.8 45.2 17.15

Summed perineurium size [mm] 1 10 0.04 0.04 0.01 0.08 0.03 0.04 0.02

Summed area of fascicles [mm2] 2 18 0.22 0.15 0.01 1.14 0.11 0.19 0.23

Area of whole nerve [mm2] 2 18 3.20 1.55 0.18 10.64 0.72 5.32 3.28

Percentage of fascicles to the nerve surface 2 18 13.41 9.85 0.18 50 2.1 17.8 13.25

Summed perineurium size [mm] 2 18 0.1 0.1 0.04 0.3 0.06 0.1 0.07

Table 3. Measurements of 28 posterior interosseous nerve harvested during wrist reconstructive procedures or partial wrist denervation 

Parameter Number Average Median Minimum Maximum Lower 
quartile

Upper 
quartile

Standard 
deviation

Summed area of fascicles [mm2] 28 0.2 0.15 0.002 1.14 0.12 0.2 0.21

Area of whole nerve [mm2] 28 2.36 0.88 0.18 10.64 0.52 2.98 2.89

Nerve density ratio [%] 28 21 17 1 68 6 34 18
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15 digital nerves in a microscopic study of 18 fresh 
terminal branches of the PIN. They defined the nerve 
density ratio of the PIN as the ratio of the density of 
neuronal tissue to the density of connective tissue. 
Their mean nerve density ratio was 90% which ranged 
from 88–94%. In this study, the results were different 
and the nerve density ratio, defined as the ratio of the 
sum of the areas of individual fascicles to the area of 
the whole nerve, had a mean of only 21% and ranged 
from 1.0–65%. It is difficult to explain such differences 
in this study and the study of Reissis et al. (1992) [17], 
but after using high microscopic magnification it was 
possible to measure each fascicle in more detail in 
this study. In addition, the nerves used for the study 
came from patients with wrist pathology and possi-
ble PIN irritation. Ultrasound has shown that nerve 
irritation causes hypoechoic swollen, mainly of con-
nective tissue [7, 16]. Chevrollier et al. (2014) [3], in  
a retrospective single-centre study, evaluated emergent 
nerve grafting for proper palmar digital nerve defects [9].  
However, the results of Chevrollier et al. (2014) [3] 
cannot be compared to the PIN measurements in this 
study, because of the 12 analysed cases of digital 
nerve defects, only one patient had the PIN used as 
a graft. Waters and Schwartz (1993) [20] showed the 
presence of nerves with a single fascicle in 15 cases 
(58%) after evaluating 26 PIN using a macroscopic 
examination at 3.5× magnification. With the use of 
microdissection without microscopic nerve evalua-
tion, Waters and Schwartz (1993) [20] were able to 
show the presence of 1 to 5 (average 2) fascicles in 
the collected nerve samples. The data collected in 
this studied using high microscopic magnification 
and appropriate staining has shown that 64.3% of 
the nerve samples were multi-fascicle nerves. These 
results differ from previous studies. 

This does not mean, however, that multi-fascicle 
nerves had a larger surface area due to their number 
of fascicles. On the contrary, the more fascicles the 
nerve contained, the smaller the fascicles measured. 
The nerves with more fascicles usually contained one 

bigger fascicle with the rest being very small. In these 
nerves, the majority of the volume, therefore, primar-
ily consisted of the internal perineurium.

CONCLUSIONS
During surgery, it is impossible to quantitatively 

assess the PIN after it has been harvested as a nerve 
graft. Nerves with differing numbers of fascicles are 
similar in external dimensions (Fig. 2). However, it is 
crucial to highlight that proper PIN dimensions (the 
ratio of the nerve tissue to the area of the entire nerve) 
does not translate to good nerve quality by meaning 
the nerve density ratio. The number of nerve fascicles 
in the terminal branch of the PIN does not affect the 
overall size of the nerve. The majority of the volume 
of multi-fascicle nerves, therefore, primarily consists 
of the internal perineurium. However, due to the low 
number of nerves, this question cannot be clearly 
answered. This sets a further direction for further 
research on a larger group. 
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Background: The aim of this study was to assess the innervation of the dorsal 
articular capsule of the wrist using modified Sihler’s staining.
Materials and methods: Thirty dorsal wrist capsules were collected from 15 donors  
(both sides) within 12 hours of death. All the capsules were collected in the same 
manner — using the dorsal incision. The specimens were stained according to the 
protocol of the modified Sihler’s staining technique. The preserved capsules were 
analysed under 8–16× magnification of an optical microscope for the presence 
of major nerve trunks, their major and minor branches, and nerve connections.
Results: The range of innervation visualised was that the posterior interosseous 
nerve innervated approximately 60% of the central part; the remaining area was 
innervated by the dorsal sensory branch of the radial nerve and medial antebra-
chial cutaneous nerve. The constant findings were the branches departing from 
the ulnar side of the posterior interosseous nerve and from the radial side, with 
an exception seen in 2 cases. A communicans branch between the posterior 
interosseous nerve and medial antebrachial cutaneous nerve was seen in all the 
specimens. The posterior interosseous nerve innervation extended beyond the 
level of the carpometacarpal joints II–V. 
Conclusions: The modified Sihler’s staining technique allows for transparent 
visibility of the nerves that innervate the dorsal wrist capsule. However, it does 
not allow as accurate assessment as does histological examination, especially 
regarding the evaluation of nerve endings. Nevertheless, this method provides 
a significantly larger area of nerve observation than is provided by histological 
examination. (Folia Morphol 2021; 80, 1: 81–86)

Key words: wrist innervation, Sihler’s staining technique, posterior 
interosseous nerve, hand surgery, wrist surgery 

INTRODUCTION
The innervation of the wrist has been a topic of in-

vestigation in recent years due to the growing knowl-
edge of wrist pathologies and their treatment. Studies 
on nerve endings, such as mechanoreceptors, have 
demonstrated additional important functions of the 
wrist ligaments in addition to pure stabilisation [8].  

However, the extent of innervation of the wrist by 
individual nerves is yet unclear. Initially, the range of 
innervation of the wrist was based on the examination 
of the nerves and their branches with 3.5× magnifi-
cation, which was then replaced by microdissection 
using a microscope. Histological examinations of the 
stained wrist capsule and ligaments have revealed 
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several features in the area of innervation that are in 
contrast to the findings of microdissections [6]. Mi-
crodissection has made it possible to visualise nerve 
branches of much smaller sizes and their penetration 
of the joints within the wrist. The purpose of this 
study was to assess the nerves within the dorsal wrist 
capsule using the modified Sihler’s staining technique.

MATERIALS AND METHODS
Thirty dorsal wrist capsules were collected from  

15 donors (capsules from both sides) within 12 hours of  
death. There were 11 male (22 capsules) and 4 female 
(8 capsules) wrists. The age range at death of these 
cadavers was 33–72 years (mean age 65.7 years). 
Donors whose death was caused by polytrauma with 
associated upper limb injuries were excluded from the 
study. The limbs were also checked for the presence of 
postoperative scars in the wrist and forearm region, 
both on the dorsal and palmar sides. If scars were 
present, the wrist joint capsules were not collected. 

A longitudinal skin incision was made from the 
proximal 1/3rd of the distal forearm to the middle of 
metacarpal bone III on the dorsal side. The extensor 
retinaculum was completely dissected, exposing the 
dorsal wrist joint capsule. The distal cutting line of the 
capsule was continued along 1 cm above the bases of 
metacarpal bones II–V, proximally along the edges of 
the distal end of the radius and ulna; the capsule was 
detached from the periosteum and dorsal radio-ulnar 
ligament. A fragment of about 1 cm of the posterior 
interosseous nerve (PIN) was excised along with its 
penetration into the capsule. 

The lateral and medial edges were determined by 
the lateral margin of metacarpal II and medial margin 
of metacarpal V, respectively. The capsules were ex-
cised with the extrinsic ligaments detached off its in-
sertions onto the dorsum of the bones of the proximal 
and distal rows with 3.5× loupe magnification. The 
side of capsule excision was noted. The proximal part 
of the excised capsule was determined by presence of 
the PIN fragment. The specimens were washed under 
running water and then fixed in a 10% un-neutralised 
formalin solution for a period of 4 weeks. 

The following protocol of staining was applied af-
ter 4 weeks of fixation in formalin [22]. Maceration in 
3% aqueous potassium hydroxide (KOH) solution for  
3 weeks, Sihler’s solution I (1 volume glacial acetic 
acid, 1 volume glycerin, and 6 volumes 1% w/v aque-
ous chloral hydrate) for staining, Sihler’s solution II  
(1 volume stock Ehrlich’s haematoxylin, 1 volume glyc-

erin, and 6 volumes 1% w/v aqueous chloral hydrate) 
for detaining — each phase for 3 weeks. Lithium car-
bonate solution 0.05% was then used for neutralisa-
tion for 1–2 hours. Finally, dilute 50% glycerin was used 
for 3 days for clearing the overstained regions (Won  
et al. 2011 [22]) and all specimens were preserved 
with 100% glycerin [18]. The preserved capsules were 
analysed under 8–16× magnification with an optical 
microscope for the presence of major nerve trunks, 
their major and minor branches, and nerve connec-
tions. The obtained image from the microscope was 
manually applied to the joint capsule diagram, divided 
into main quadrants and smaller squares with the 
wrist (right, left) and sides (radial, ulnar) marked. Each 
quadrant sustained the 256 small squares (16 rows 
in 16 columns). Thus the total number of squares in  
4 quadrants was 1024. The drawing obtained by hand 
was scanned and applied to a computer image with 
accurate reproduction. The area of the innervation of 
dorsal capsule was determined by two lines running 
parallel to the long axis of the joint capsule, defined 
by the outer borders of the furthest reaching and vis-
ible nerve branches. Based on the number of squares 
occupied by the branches of individual nerves, it was 
possible to calculate the percentage of the area of 
the joint capsule innervated by a given nerve. The 
design of this study was approved by our Regional 
Ethical Review Board.

RESULTS
The nerves within the 30 wrist capsules in terms 

of dimensions and course, the number of main trunks 
and smaller nerve branches, the place of their crossing 
and the number of small nerves forming the dense 
network differed in all specimens. In all specimens, 
the PIN with its branches dominated and covered 
about 60% of the surface of the articular capsule. 
This area was determined by two lines running par-
allel to the long axis of the joint capsule, defined 
by the outer borders of the furthest reaching and 
visible PIN branches. All the PINs had at least one 
large branch on the ulnar side, but most of them had 
two larger branches (63.3%). Three branches on the 
ulnar side were visible in 7 (23.3%) cases. Branches 
on the radial side of the nerve represented similar 
proportions, although no larger trunks on the radial 
side were found in two of the 30 specimens. In both 
these cases, the main trunk or two nerve trunks were 
clearly passing radially (Fig. 1). Mostly there were 
two (43.3%) branches, but the total share of the 
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number of nerve trunks with 3 or 4 radial branches 
was identical (43.3%). In all cases, one or two small 
branches were visible, protruding from the nerve 
on the ulnar side, which were directed towards the 
ulnar and distal direction. It was considered that they 
were branches connecting to the medial antebrachial 
cutaneous nerve (MACN), because in the 19 capsules 
wherein the MACN nerve trunks were clearly visible, 
these branches were communicating with the main 
trunk of the MACN. The direction of those branches 
was always the same. Moreover, in all capsules, there 
were visible branches that crossed the distal cutting 
line, in an amount of 1–5. If there was one branch 
(2 cases; 6.7%), it ran centrally or slightly radially. 
In the case of two branches (8 cases; 26.6%), they 
constituted the symmetrical endings of the PIN nerve 
trunk. In the remaining cases, when there were 3, 4, 
or 5 branches (20 capsules in total; 66.7%), they were 
branches of the main trunk or its larger branches. 

All specimens showed a small nerve mesh that oc-
curred symmetrically in 2 (6.7%) cases. In 16 capsules, 
a larger number of small nerves were on the radial 
side of the PIN (78.9%); in the remaining 12 (40%) 
cases, they were on the ulnar side. In the 19 cases 
where the MACN was visible, its trunk was slightly 
smaller than or equal to the PIN. In 2 cases where 
the PIN had two main trunks, the MACN was larger 
(Fig. 2). In 4 (21.1%) cases, two MACN trunks were 
present; in the remaining ones, there was one main 
trunk (15 cases; 78.9%). No major nerve trunks run-
ning on the radial border of the PIN were seen. How-
ever, in 15 (78.9%) cases, larger branches crossing 
the radial cutting line were clearly visible, although 
they did not show any visible connections with PIN 
branches. These branches, probably belonging to the 
superficial branch of the radial nerve (RNSB), were 
found in numbers of 2 in 8 capsules (53.3%) and  
3 in 2 capsules (13.4%). In the remaining 5 (33.3%) 
cases, there was a single larger branch on the same 
side. The obtained results are presented in Tables 1–3.

DISCUSSION
The extent of innervation of the wrist by individual 

nerves is yet unclear. This is likely because the extent 
and efficacy of the anatomical examinations keeps 
changing over time. Initially, the range of innerva-
tion of the wrist was based on the preparation of 
nerves and their branches with 3.5× magnification, 
which was then replaced by microdissection using  
a microscope. Histological examinations of the wrist 

Figure 1. Dorsal wrist capsule (right hand) in Sihler’s staining 
technique. Main trunk of the posterior interosseous nerve (arrow) 
has no branches on the radial side and turns toward the radial side 
of the capsule. 

Figure 2. Dorsal wrist capsule (right hand) in Sihler’s staining tech-
nique. Main trunk of the posterior interosseous nerve (thick arrow), 
main trunk of the medial antebrachial cutaneous nerve (thick ar-
row). Communicans branch between both nerves (dotted arrow). 



84

Folia Morphol., 2021, Vol. 80, No. 1

capsule stained using the S-100 method [20] revealed 
several conflicting features with what was found in 
microdissections. This was particularly relevant for 
the course of the small nerve branches that are in-
visible during anatomical preparation, the presence 
of connections between individual nerves, and the 
places of entry of the nerves into the joint capsule 
or wrist joints. The exact scope of innervation of the 
wrist was particularly important in wrist denervation 
procedures, which are symptomatic treatments for 
patients experiencing pain originating from a joint. 
To avoid undesired denervation of other structures, 
the knowledge of the specific innervation of the joint 
was essential. 

Sihler’s stain is a whole mount nerve staining 
technique that renders other soft tissues translucent 
or transparent while staining only the nerves [18]. 
Wu and Sanders [24, 25] were the first to apply the 
modified Sihler’s staining technique to investigate the 
supply patterns of the laryngeal nerves. Liu et al. [16] 

were the first to use Sihler’s stain to determine the 
intramuscular nerve supply of the long head of the 
triceps muscles in rabbits. Several further studies on 
the innervation of limb and trunk muscles in humans 
and monkeys were then carried out in subsequent 
years [11–14, 23]. Using Sihler’s stained human foetal 
specimens, Peker et al. [19] investigated the relations 
between the shape of skeletal muscles and their nerve 
distribution patterns. To our knowledge, the modified 
Sihler’s staining technique has never been used to 
qualitatively assess the course of nerves in the wrist 
capsule. Our study enabled the visualisation of nerve 
branches inside the joint capsule that would not be 
visible during dissection, even at high magnification. 

Many studies show that the main innervation of 
the wrist from the dorsal comes from the PIN [1–3, 
6–10, 15, 21]. All the above mentioned studies were 
based on the preparation of nerve branches or those 
visible during surgery. In our study, it was possible 
to determine the range of innervation ratio of the 
entire joint capsule based on the actual image. Ap-
proximately 60% of the central part of the capsule is 
supplied by the PIN, radial part by the RNSN (approxi-
mately 15%) and the MACN innervates approximately 
25% of the capsule from the ulnar side. However, the 
technique we used does not allow us to determine 

Table 2. Medial antebrachial cutaneous nerve was present in 
19 of 30 wrist capsules. There was constant communicants 
branch departing from ulnar side of the posterior interosseous 
nerve running in ulnar and distal direction

Nerve Amount Percentage

Medial antebrachial cutaneous nerve 19 63.30%

1 15 78,90%

2 4 21.10%

Ramus communicans 30 100%

Table 3. Main trunk of the radial sensory branch was not seen 
in any specimens. Quantitative analysis of radial branches pas-
sing the radial border of the capsule, with no visible connection 
with branches of posterior interosseous nerve

Nerve Amount Percentage

Superficial branch of radial nerve 0 0%

Ramus on the radial border 15 43.30%

1 5 33.30%

2 8 53.30%

3 2 13.40%

Table 1. Quantitative analysis of the interosseous nerve and its 
branches based on measurements of 30 joint capsules

Nerve Amount Percentage

Posterior interosseous nerve 30 100%

Radial branch 28 93%

0 2 6.70%

1 2 6.70%

2 13 43.30%

3 6 20%

4 7 23.30%

Ulnar branch 30 100%

1 4 13.30%

2 19 63.30%

3 7 23.30%

Terminal branches (crossing distal 
line incision)

30 100%

1 2 6.70%

2 8 26.60%

3 7 23.30%

4 8 26.70%

5 5 16.70%

Majority of small branches side Very numerous 
nerve networks

100%

Equal 2 6.70%

Radial 16 53.30%

Ulnar 12 40%
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where the innervation ranges overlap (Fig. 3). Another 
important finding of this study is that the terminal 
branches crossing the distal line incision were found 
to be fairly consistent; the incision was performed  
1 cm distal to the carpometacarpal (CMC) joints  
II–V (Fig. 4). 

Only in 2 of the 30 specimens was single branch 
noted; in the remaining specimens, the number of 
branches varied from 2 to 5, on average 3.6 per cap-
sule. In our specimens, these branches were crossing 

the cutting line, which did not show the presence of 
the small end branches. We therefore reached the 
conclusion that these are not the branches ending 
in and innervating the CMC joints. Dellon et al. [4, 5]  
dissected the PIN and its branches in 10 cadavers; 
they showed that in 2 of the 10 cadavers, the terminal 
branches of the PIN appeared to extend to the meta-
carpophalangeal joints, traveling in the deep fascia 
overlying the interosseous muscles. The methodology 
of our study did not allow the conclusion that all of 
these branches innervate the metacarpophalangeal 
joints, but the number of PIN nerve branches that 
run through the metacarpals was undoubtedly great-
er. McCarthy and Breen [17] showed that 14 of 41 
(34%) specimens in which the 3.5× magnification 
of PIN dissection was performed, had innervations 
of terminal branches that included the CMC joints, 
the interossei, and the metacarpal periosteum. They 
also observed three levels of innervation that were 
present in most specimens: radiocarpal, midcarpal, 
and terminal branches. However, only fourteen of 
their specimens had innervations at all three levels. 
The present study shows that range of PIN innervation 
reaches beyond the CMC joint’s line, which is more 
distal than the central two-thirds of the posterior 
wrist joint; this is similar to what was reported by 
Lin et al. [15]. 

We realise that there are several limitations to 
this technique of staining. This method does not 
enable distinction between sensory and motor neu-
rons, provides less detailed information concerning 
the relations of the nerve terminal structures, and is 
time consuming. In addition, differences in staining 
quality may be seen depending on the thickness and 
size of the specimen as well as consequent to inac-
curate solution changes during the decalcification 
and clearing steps [18]. However, in our opinion, it 
can be considered as an interesting supplement to 
the assessment of the nerves within the wrist capsule 
along with previously used methods of preparation 
or histological staining.

CONCLUSIONS
Modified Sihler’s staining allows the clinician to 

obtain a wider picture of the range of innervation of 
the wrist joint capsule, much larger than when pre-
paring individual nerves. It provides the opportunity 
to visualise nerves with much smaller cross sections, 
smaller than those obtained during microdissection. 
However, it does not allow assessment as accurate as 

Figure 3. Innervation of dorsal aspect of wrist joint. This drawing 
presents a global overview of innervation and does not show the 
exact range and possible overlapping. The area of posterior inter-
osseous nerve innervation was determined by two lines running 
parallel to extend the long axis of the joint capsule, defined by the 
outer borders of the furthest reaching and visible posterior interos-
seous nerve branches (arrows); 1 — posterior interosseous nerve 
innervation area; 2 — dorsal branch of the ulnar nerve innervation 
area; 3 — superficial branch of radial nerve innervation area.

Figure 4. Dorsal wrist capsule (left hand) in Sihler’s staining tech-
nique. Two terminal branches (arrows) of the posterior interosse-
ous nerve crossing the distal border (white area) of the capsule. 
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that possible with histological examination, especially 
in evaluation of the nerve endings, but it provides  
a significantly larger area of nerve observation.
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Background: The sacroiliac joint has a structure in which the direction of the load 
relative to the articular surface is irrational, as the joint surface is not perpendicular 
to the trunk load axis; it is likely to incur more degenerative changes than other 
weight-bearing joints.
Materials and methods: This retrospective study consisted of a total of 145 cases 
— 104 (71.7%) men and 41 (28.3%) women — who were referred to Gaziantep 
University Medical Faculty Radiology Department Polyclinic for pelvic computed 
tomography (CT) from 2013 to 2018. The mean age was 33.5 years (range: 
18–60 years). Pelvis CT images were performed according to the exclusion criteria 
specified by the experienced orthopaedic surgeon. Patients were excluded from 
the study if they were younger than the age of 18, had a condition involving the 
sacroiliac joint, had an endocrine disorder, or had a history of a trauma affecting 
the pelvis CT examination. 
Results: In this current study, six types of anatomic variations were detected. 
Iliosacral complex variation has been determined as the most common type of 
variation. The incidence of variations of sacroiliac joint in all cases was 28.9%. 
Degenerative changes were seen in 5.5% of patients fewer than 30 years of age. 
When it comes to the patients whose age range is 30–60, the percentage of the 
degenerative changes is 12.4%. In patients who were 30 years and older, the 
prevalence of degenerative changes increased progressively with increasing age. 
Conclusions: In this study, it is thought that the knowledge of variations in normal 
population and degenerative changes will contribute to the better understanding 
of normal morphological structure of sacroiliac joint and to the anatomical litera-
ture. It’s seen that there is not a statistically significant relationship between de-
generative changes and anatomical variations. (Folia Morphol 2021; 80, 1: 87–96)

Key words: sacroiliac joint, degenerative changes, anatomical variants, 
accessory joint

INTRODUCTION
The sacroiliac joint (SJ) is the largest joint of the 

axial skeleton which is involved in a variety of patho-
logical conditions that may affect individuals through-
out their lives [23, 24, 36]. The joint has a synovial 

portion and large ligamentous areas that are vertically 
orientated, which allow the entire body weight to be 
supported with an undulating surface [20, 24, 34]. It 
has a unique pattern of motion called nutation and 
counter-nutation. The sacrum essentially flexes and 
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extends. The normal motion is only 2.5° [16, 20, 29]. 
The emergence of a pronounced sexual dimorphism 
in joint structure occurs after puberty. These changes 
can progress into age-related degenerative process-
es, more in men than women, involving osteophyte 
formation and ankylosis [34].

Although some clinicians and researchers ac-
knowledge that there is very limited movement in 
the SJ, and this movement decreases with aging 
due to degenerative changes, most physiotherapists, 
manual therapists and osteopaths have advocated 
the presence of a significant amount of movement 
in the SJ [12, 19, 35]. 

One possible cause of lower back pain is degener-
ation of the SJ [1, 2, 27, 37]. It has long been known 
that SJ degeneration is common [3, 6, 25, 26, 35]. The 
diagnosis of symptomatic SJ degeneration is difficult 
and based on a combination of patient history, clinical 
testing, diagnostic joint injections, and radiological 
examination. Among other radiological techniques, 
computed tomography (CT) is frequently used, but 
CT findings of SJ degeneration are also common in 
a normal population. A clear connection between 
CT findings and symptoms has not been established 
[5, 6, 10, 13, 18, 28, 33, 35]. Innovative progress 
has been made in the diagnosis of the SJ disorders 
following the use of imaging methods such as mag-
netic resonance imaging (MRI), and CT in particular 
[9, 15, 17].

Sacroiliac joints have a lot of structural variations 
and show some anatomical changes due to the age. 
Although the normal anatomy of the SJ has been 
meticulously discussed in the literature, there are 
only a few reports concerning the anatomical variants  
[4–6, 22] or the degenerative changes [1, 2, 6, 11, 26]  
on CT images. 

Many studies have investigated accessory sacroiliac 
joints (ASJ) within the confines of the articulating area 
of the SJ [5, 8, 9, 14, 22, 30, 32]. Anatomical variants 
of SJs and the aetiology of the ASJ remain unclear. 
It is not certain if the ASJ is a congenital condition 
or if it is an acquired joint [8]. It is frequently found 
between the medial surface of the posterior superior 
iliac spine and the lateral crest of sacrum, opposite 
the second sacral foramen. Less commonly, it is found 
between the osseous projections at the iliac tuberos-
ity and the lateral crest of sacrum, opposite the first 
sacral foramen [4, 5, 14, 22, 30, 32]. Comprehensive 
CT studies allow us to distinguish the normal and the 
pathologic appearance and they would be very useful 

for the diagnosis of SJ diseases. Trotter [30] reported 
a similar increase associated with age. She concluded 
that the joints are acquired in most of the cases [30]. 
Prassopoulus et al. [22] reported that ASJs were more 
common in obese people over the age of 60 years, 
indicating that altered load-bearing stress at the SJs 
could lead secondarily to the formation of ASJs.

We reviewed the literature to determine underly-
ing mechanism, symptomology, associated patholo-
gies, and clinical importance of degenerative changes 
of the SJ. The purpose of the present study was to 
quantify degenerative changes and of the anatomical 
variations of the SJ in of asymptomatic patients evalu-
ated with high-resolution CT scans. We hypothesized 
that SJ degeneration would be prevalent in asymp-
tomatic individuals and that the prevalence would 
increase with age. The study was also to determine if 
there is a relationship between degenerative changes 
and anatomical variations.

MATERIALS AND METHODS
This retrospective study consisted of a total of 145 

cases — 104 (71.7%) men and 41 (28.3%) women — 
who were referred to Gaziantep University Medical 
Faculty Radiology Department Polyclinic for pelvic CT 
from 2013 to 2018. The mean age was 33.5 ± 12.68 
years (range: 18–60 years) (Table 1).

Pelvis CT images were performed according to 
the exclusion criteria specified by the experienced 
orthopaedic surgeon. Patients were excluded from 
the study if they were less than the age of 18, had  
a condition involving the SJ, had an endocrine disor-
der, or had a history of a trauma affecting the pelvis.

Ct examination. The examinations were per-
formed on CT scanner, one 32-slice scanner GE 
Healthcare Systems (USA) Lightspeed. CT images 
of all cases were obtained with the patients in the 
supine position. The images were reconstructed us-
ing a bone algorithm in axial and coronal directions 
with 7 mm thickness and 5 mm increment. After the  
SJ was scanned using these cross-sectional ranges, 

Table 1. Number of patients by age and gender

No. of patients Age [years]

18–29 30–39 40–49 50–60 Total

Men 49 19 21 15 104

Women 25 5 4 7 41

Total 74 24 25 22 145
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the images required for this current study were ex-
amined. 

All patients were randomized prior to evaluation. 
Imaging review was performed in consensus by an 
orthopaedic surgeon, a radiologist and a PhD student 
(physiotherapist) in medical sciences (17 and 3 years 
of experience), blinded to clinical and other imaging 
findings. The patients were separated by gender and 
in age intervals of 18–29, 30–39, 40–49 and 50–60 
years of age (Table 1). 

There is the absence of a previously validated  
CT classification system for SJ degeneration [2, 6].  
SJ degeneration was evaluated by adapting the scor-
ing system described by Eno et al. [6]. Grading was 
performed according to a protocol designed for this 
purpose; subchondral sclerosis, vacuum phenome-
non, subchondral cyst, joint space narrowing and 
ankylosis (Fig. 1) were assessed for each. Joints were 
classified as type 0 if there were no degenerative 
changes, as type 1 if there were degenerative chang-
es, type 1 if anatomic variants are present and type 0  
if anatomic variants are absent SJ. Degenerative 
changes were quantified in the overall patient pop-
ulation and by decade of life. Moreover, we analysed 
anatomical variants of the SJ, deviations from the 
usual appearance of the articular facets of the ilium 
and sacrum (Table 2).

In addition, the SJ sections of 145 cases were 
reconstructed in three-dimensional format using the 
Horos v.3.0.1 software (https://horosproject.org/). 
The values obtained from the measurement of the  
SJ space on the narrowest and widest parts of the joint 
on the S1, S2 and S3 vertebra were averaged in the 
axial and coronal sections. Joint spacing of less than  
2 mm indicated narrowing of the joint space [21]. 

statistical analysis

The prevalence of degenerative changes was 
quantified in the overall patient population using 
Mann-Whitney U-test. Pearson and Spearman corre-
lation analysis was used to determine the relation-
ship between two quantitative variables. One-way  

Figure 1. Degenerative changes in the periarticular tissues; A. Subchondral sclerosis; B. Subchondral cyst; C. Vacuum phenomenon;  
D. Ankylosis.

Table 2. Grading protocol for sacroiliac joint degeneration and 
anatomical variants

Degenerative changes  
and anatomical variants

0 1

Subchondral cyst None Exist

Subchondral sclerosis None Minor or prominent

Vacuum phenomenon None Exist

Ankylosis None Exist

Joint space narrowing Normal Focal or general irregular

Anatomical variants None Exis

A B

C D
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ANOVA was used to compare variables with more than 
two groups. Student t-test was used to compare the 
variables which had only two groups. Analyses were 
made with statistical software SPSS (Windows version  
22.0). P < 0.05 was considered statistically significant.

Ethics statement 

This retrospective study was initiated after ap-
proval from the Clinical Trials Ethical Committee of 
Gaziantep University ethics committee and carried 
out in accordance with The Code of Ethics of the 
World Medical Association (Declaration of Helsinki). 
(Decision no: 2018/197).

RESULTS
In this study, six different variations were detected 

in the axial CT sections of the SJ and the distribution 
of the bilateral and unilateral views of these variations 
was examined by gender at Table 2. Accordingly, the 
most frequent variation was determined to be iliosa-
cral complex variation (11 men, 10.7%) in men axial 
CT sections of the SJ. In addition, variations called 
accessory SJ (7 men, 7.8%), semicircular defects in 
iliac and sacral wings (5 men, 4.9%), bipartite iliac 
bony plate (1 man, 1%), crescent like iliac bony plate 
(1 man, 1%), and an ossification centres (1 man, 1%) 
were observed (Table 3).

In females, the most frequent variations were in 
the iliosacral complex (6 women, 14.5%), and the 
bipartite iliac bony plate (6 women, 14.5%). These 
variations were followed by accessory joints (3 wom-
en, 7.2%), and semicircular defects in the iliac and 
sacral wings (1 woman, 2.4%), respectively. Crescent 
like iliac bony plate or ossification centres variation 
was not detected in women (Table 3).

While the incidence of variation of SJ in all cases 
in this study was 28.9%, the incidence of ASJ was 
6.8%. The incidence of accessory SJ was detected 
to be 7.8% in men and 7.2% in women. The ASJ 

was observed to be unilateral in 9 (12.6%) cases 
and bilateral in 1 (2.4%) case. This variation was 
determined to form a process from the iliac surface 
towards the sacral surface in the posterior aspect 
of the SJ (Fig. 2).

In addition, a total of 17 (11.7%) patients, 11 
(10.7%) men and 6 (14.5%) women, were detected 
to have iliosacral complex variation. The iliosacral 
complex was unilateral in 12 (17.5%) patients and 
bilateral in 5 (7.7%) patients. In conclusion, it was 
detected to be in the form of a tubercle in the facies 
auricularis of the ilium and a cavity formation in the 
facies auricularis of the sacrum (Fig. 3).

Figure 2. Image of right accessory sacroiliac joints at the S2  
vertebra level on the axial computed tomography section in  
a 56-year-old man patient. A protrusion, extending from the  
iliac surface towards the sacral surface is observed.

Figure 3. Axial computed tomography section image of the bilateral  
iliosacral complex at the S2 vertebra level in a 60-year-old man 
patient. A protrusion and matching cavity is observed on the iliac 
surface.

Table 3. Variations in appearance of normal sacroiliac joint on computed tomography examinations in relation to age, gender

No. of patients Women  
(n = 41)

Men  
(n = 104)

18–29 (n = 74) 30–39 (n = 24) 40–49 (n = 25) 50–60 (n = 22) Total  
(n = 145)Women Men Women Men Women Men Women Men

Accessory sacroiliac joint 3 (7.2%) 7 (7.8%) 2 1 2 3 1 1 10 (6.8%)

Iliosacral complex 6 (14.5%) 11 (10.7%) 3 4 2 1 1 3 3 17 (11.7%)

Bipartite iliac bony plate 6 (14.5%) 1 (1%) 4 1 1 1 7 (4.8%)

Crescent like iliac bony plate — 1 (1%) 1 1 (0.6%)

Semicircular defects 1 (2.4%) 5 (4.9%) 1 1 1 2 1 6 (4.1%)

Ossification centres — 1 (1%) 1 1 (0.6%)
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In addition, the bipartite iliac bony plate varia-
tion was determined in a total of 7 (4.8%) patients,  
1 (1%) man and 6 (14.5%) women. The bipartite iliac 
bony plate was observed to be unilateral in 4 (10.7%) 
patients and bilateral in 3 (4.8%) patients. As a result 
of this observation, the variation is characterized by 
a two-part shape, unlike the normal appearance of 
the ilium, as well as being mostly detected at the  

S2 and S3 vertebra levels in the posterior aspect of 
the joint (Fig. 4).

In addition, while the crescent like iliac bony plate 
variation was observed in 1 (1%) man unilaterally, 
no such variation was observed in women. This for-
mation is characterised by the lunate appearance of 
the ilium’s facies auricularis and the convexity of the 
sacral surface corresponding to this part. The variation 
is localised at the S1 vertebra level in the posterior 
aspect of the joint (Fig. 5).

The variation called semicircular defects was seen 
in a total of 6 (4.1%) people, 5 (4.9%) men and  
1 (2.4%) woman, in the iliac and sacral wings. This 
variation was observed at the S1 vertebra level in the 
posterior aspect of the joint, unilaterally in 2 (3%), 
and bilaterally in 3 (4.3%) patients (Fig. 6).

An ossification centre variation was observed uni-
laterally in 1 (1%) man. The variation was found to 
be localised in the anterior aspect of the joint at the 
S2 vertebra level (Fig. 7).

In our study, total degenerative changes in the  
SJ were found to be 26 (17.9%) case. The degenera-
tive changes in the present study were also observed 
in the anterior aspect of the joint and mostly localised 
in ilium. When degenerative changes in periarticular 
tissues of SJ were examined; subchondral sclero-
sis (4.1%), ankylosis (0.7%), vacuum phenomenon 
(6.8%), subchondral cyst (4.1%) and joint space nar-
rowing (2.1%) were observed (Fig. 1, Table 4). 

Degenerative changes were also related to age. 
Degenerative changes were seen in 5.5% of patients 
under 30 years of age. When it comes to the patients 
whose age range is 30–60, the percentage of the 
degenerative changes is 12.4%. In patients who were 

Figure 4. Axial computed tomography section image of the bilat-
eral bipartite iliac bony plate variation (circled) at the S3 vertebra 
level in a 33-year-old woman patient. The blue arrow indicates 
subchondral sclerosis at the S1 vertebra level.

Figure 5. Unilateral axial computed tomography section image of 
the crescent like iliac bony plate variation at the S2 vertebra level 
in a 26-year-old man patient.

Figure 7. Axial computed tomography section image of the uni-
lateral ossification centre at the S2 vertebra level in the anterior 
section of the joint space in a 44-year-old man patient.

Figure 6. Axial computed tomography section image of the semi-
circular defects variation at the S1 vertebra level in the sacral bony 
in a 40-year-old man patient.
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30 years and older, the prevalence of degenerative 
changes increased progressively with increasing age. 
Significant differences were found when degenerative 
changes were evaluated according to age in Table 4. 
A logistic regression model calculating the increased 
probability of the presence of SJ degeneration re-
vealed a progressive increase of 2.78 (95% confidence 
interval: 1.06–7.25) per year of life in the odds of 
having SJ degeneration. Separate logistic regression 
model SJ degeneration estimated a 2.78 increase per 
year of life, peaking at 6.6 in the fifth decade of life. 

According to the correlations analysis results, it’s 
seen that there is not a statistically significant relation-
ship between degenerative changes and anatomical 
variations (p = 0.137).

Besides, in this present study, the joint spaces of  
a total of 145 patients including men and women were  
measured in the axial and coronal CT sections at the 
S1, S2 and S3 vertebra levels. According to the meas-
urement, the mean value of the joint space was found 
to be over 2 mm in both genders and no significant 
difference was found between the genders (Table 5). 

In addition, the mean values of the joint spaces 
at the S1, S2 and S3 vertebra levels on both sides 
were found to be over 2 mm in 108 cases with no 
variation. However, as a result of the measurement 

in the axial and coronal CT sections, it was observed 
that the mean values of the joint space in the joints 
with variation were less than 2 mm at the S1, S2 and 
S3 vertebra levels. For all measurements, the values in 
the joints with variation showed a significant decrease 
compared to the invisible variation (Table 6). 

DISCUSSION
Researchers stated that the synovial part of the 

SJ had a relatively vertical orientation in CT sections, 
and the ligamentous part of the joint showed a more 
oblique orientation [18, 28]. Prassopoulos et al. [22] 
observed that each SJ has its own subtle characteris-
tics, and no patient in their series exhibited exactly the 
same SJ appearance as another. Slight differences in 
orientation and shape of the SJ existed between indi-
viduals. The SJ has a structure in which the direction of 
the load relative to the articular surface is irrational; as 
the joint surface is not perpendicular to the trunk load 
axis, it is likely to incur more degenerative changes 
than other weight-bearing joints [28]. In the present 
study, although the SJ has a general morphology, 
each joint was detected to have a unique appearance. 
Differences in appearance were accentuated by the 
various degrees and types of degenerative alterations 
that did not affect in a similar way asymptomatic 

Table 4. Degenerative changes according to age and gender

No. of patients 18–29 (n = 74) 30–39 (n = 24) 40–49 (n = 25) 50–60 (n = 22) Total  
(n = 145)Women Men Women Men Women Men Women Men

Subchondral cyst 4 1 1 6 (4.1%)

Subchondral sclerosis 2 2 1 1 6 (4.1%)

Vacuum phenomenon 1 1 1 2 3 2 10 (6.8%)

Ankylosis 1 1 (0.7%)

Joint space narrowing 1 2 3 (2.1%)

Total 8 (5.51%) 3 (2.07%) 5 (3.44%) 10 (6.89%) 26 (17.91%)

Table 5. Evaluation of joint space by genders in coronal and axial computed tomography sections (mm)

Sacral vertebra level of joint space Coronal Axial

Men (n = 104) Women (n = 41) P Men (n = 104) Women (n = 41) P

Right S1 vertebra level 2.24 ± 0.81 2.18 ± 1.06 0.190 2.16 ± 0.58 2.02 ± 0.57 0.147

Right S2 vertebra level 2.08 ± 0.7 2.1 ± 1 0.887 2.2 ± 0.69 2.2 ± 1.05 0.317

Right S3 vertebra level 2.06 ± 0.64 1.92 ± 0.74 0.657 2.4 ± 0.89 2.46 ± 1.23 0.807

Left S1 vertebra level 2.33 ± 0.8 2.18 ± 0.74 0.292 2.14 ± 0.69 2.1 ± 0.71 0.724

Left S2 vertebra level 2.1 ± 0.77 2.01 ± 0.68 0.772 2.3 ± 0.77 2.28 ± 0.94 0.521

Left S3 vertebra level 2.14 ± 0.68 2.03 ± 0.76 0.261 2.54 ± 0.98 2.47 ± 1.11 0.634
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adults of the same age and gender, and even the 
two SJs of the same individual. Although the normal 
anatomy of the SJ has been meticulously discussed in 
the literature, there are only a few studies concerning 
the anatomical variants [4, 5, 22] and degenerative 
changes [1, 2, 6, 7, 28, 38] of the SJ. 

The ASJ is the most frequent anatomical variant 
of the SJ [8, 30]. A frequency of 3.6–50% of ASJ has 
been described through different studies, including 
CT scans evaluations [4, 5, 8, 22, 30–32]. Ehara et al. 
[5] identified the ASJ on 13 (13%) of 100 CT scans 
of the pelvis and in 9 (16%) of 56 dried skeletons. 
Prassopoulos et al. [22] in a study that examined the 
type and prevalence of anatomical variants of the  
SJ in patients without SJ disease on CT exam identified 
an ASJ in 19.1% of the 534 CT scans studied. Demir et 
al. [4], in their study including 400 patients, observed 
that ASJ was seen between the iliac and sacral artic-
ular surfaces in the posterior aspect of the SJ. They 
detected ASJ in 15.8% of women and in 19.1% of 
men. They reported the incidence of ASJ as 17.5% in 
all cases [4]. Valojerdy et al. [32] studied dried bone 
specimens and identified the ASJ in 18% of their 153 
specimens. Although the numbers of Whites and 
Blacks in the age wise samples in Trotter’s study [30] 
were markedly different, she reported occurrences of 
ASJs in the two races at 40% and 21%, respectively. 
In another study of Trotter [31] 50.5% of 485 white 
people’s skeletons and 20.7% of 473 black people’s 
skeletons showed one or more accessory sacroiliac 
articular facets. Several studies have contributed to 
our understanding of the prevalence of ASJs. Fortin 
et al. [8] reported a 3.6% incidence of ASJ from post  
SJ arthrography CT scans of 559 chronic SJ pain pa-
tients. The authors point out that there could be two im-
portant reasons why this study detected far fewer ASJs 
than previously reported studies involving samples of 

SJ chronic pain patients. According to Fortin et al. [8],  
previous authors could have reported “interlocking 
articulations” present within the SJ as ASJs. Also 
point out that a focal area of degenerating ankylosis 
within the main SJ could have been misinterpreted as 
congenital ASJs in those populations. Although the 
ASJ is not a rare variant, it might not be very common 
since normal joint structure or degenerative changes 
in the SJ could masquerade as accessory joints [8]. 
In the present study, the incidence of ASJ was de-
tected as 7.8% in men and 7.2% in women. While 
the incidence of SJ variants in all cases in the study 
was 28.9%, the incidence of ASJ was 6.8%. The con-
trasting findings between the current and previous 
reports may be attributed to a difference in patient 
population base because the subjects of our studies 
were asymptomatic adults and cases’ mean age of 
the subjects in this study (33.5 years) is lower. Walker 
[36] had reported that there are evident discrepancies 
in the ASJ prevalence rates reported from different 
studies, possibly because of different imaging proto-
cols or over- or underdetection of conditions due to 
overlapping normal joint structure or degenerative 
changes masquerading as accessory joints.

Prassopoulos et al. [22] detected iliosacral complex 
in a total of 31 (5.8%) cases in their study. Demir et al. [4]  
reported that they detected iliosacral complex in  
a total of 38 (9.5%) cases in their study. Prassopou-
los et al. [22] reported in their study that iliosacral 
complex is more common in women. In this study, 
however, iliosacral complex was found in 17 (11.7%) 
cases and this variation was observed in men more 
frequently — 11 (10.7%) men.

Demir et al. [4] reported in their study that the 
bipartite iliac bony plate was not observed bilaterally 
and it was localized in the posterior aspect of the joint 
in 22 (5.5%) cases, and they observed that it was 

Table 6. Evaluation of joint space measurements of joints with and without variation in the axial and axial computed tomography  
sections (mm)

Sacral vertebra level of joint space Without variation (n = 108) With variation (n = 37) P

Axial Coronal Axial Coronal Axial/Coronal

Right S1 vertebra level 2.35 ± 0.39 2.52 ± 0.78 1.47 ± 0.56 1.29 ± 0.42 0.001

Right S2 vertebra level 2.5 ± 0.59 2.41 ± 0.55 1.35 ± 0.72 1.04 ± 0.47 0.001

Right S3 vertebra level 2.68 ± 0.62 2.32 ± 0.41 1.64 ± 1.41 1.08 ± 0.43 0.001

Left S1 vertebra level 2.38 ± 0.45 2.6 ± 0.57 1.4 ± 0.76 1.29 ± 0.48 0.001

Left S2 vertebra level 2.53 ± 0.49 2.39 ± 0.53 1.59 ± 1.14 1.11 ± 0.42 0.001

Left S3 vertebra level 2.78 ± 0.68 2.41 ± 0.46 1.74 ± 1.39 1.18 ± 0.48 0.001
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more common in men. Prassopoulos et al. [22] found 
in their study that the bipartite iliac bony plate was 
localised in the posterior aspect of the joint in a total 
of 22 (4.1%) cases, unilaterally in 6 (1.1%) cases, and 
bilaterally in 16 (3.0%) cases. Prassopoulos et al. [22] 
reported that the bipartite iliac bony plate is more 
common in women. In the present study, the bipartite 
iliac bony plate was observed in the posterior aspect 
of the joint in a total of 7 (4.8%) cases, unilaterally in 
4 (10.7%) cases and bilaterally in 3 (4.8%) cases. In 
addition, the bipartite iliac bony plate was seen more 
commonly in women, with 6 (14.5%) female patients 
compared to 1 (1%) male patient, which supports the 
study of Prassopoulos et al. [22].

Prossopoulos et al. [22] found crescent-like iliac 
bony plate variation in 20 (3.7%) cases. Demir et al. 
[4] found crescent-like iliac bony plate in 14 (3.5%) 
cases in their study. In this current study, unilateral 
crescent like iliac bony plate variation was observed 
in 1 (1%) men patient while it was not observed in 
women patients.

Prossopoulos et al. [22] reported in their study 
that they detected semicircular defect in the sacral 
and iliac bones in a total of 16 (3%) cases. Demir 
et al. [4] reported in their study that they detected 
semicircular defect in the sacral and iliac bones in  
a total of 19 (4.8%) cases. In this present study, the 
semicircular defect in sacral and iliac bones was ob-
served in a total of 6 (4.1%) cases.

Prossopoulos et al. [22] reported that the ossifica-
tion centres in the sacral wings in a total of 3 (0.6%) 
cases, 2 (0.9%) men and 1 (0.3%) woman. Demir 
et al. [4] reported in their study that they observed 
ossification centres in the sacral wings in a total of  
4 (1.0%) cases, 1 (0.5%) man and 3 (1.5%) women. 
In this present study, while no ossification centres 
in the sacral wings was observed in women, it was 
detected a total of 1 (0.6%) case.

In concordance with other reports, SJ degenera-
tion is common in non-symptomatic adults in the ear-
ly decades of life and increases with age [2, 6, 28, 35].  
Past studies have shown that degeneration of the  
SJ is more prevalent in the elderly population, but 
these changes tend to plateau in the higher age groups  
[1, 2, 6, 28, 38]. Given the high prevalence of pain-
free SJ degeneration, physicians must be cautious in 
attributing low back pain to degenerative changes of 
the SJ seen on cross-sectional imaging [2, 6]. For this 
study a system was designed including established 
characteristics of subchondral sclerosis, vacuum phe-

nomenon, subchondral cyst, joint space narrowing 
and ankylosis. There are a number of limitations of 
this study. One of these limitations is related to age; 
in our study, the patient population was composed of 
asymptomatic adults aged 18–60 years. Eno et al. [6] 
examined SJs in patients aged 0 to 99 years, Bäcklund 
et al. [2] 20–70+ years of age, Asada et al. [1] 50–70+ 
years of age, Shibata et al. [28] 20–70+ years of age, 
Yagan et al. [38] 55 years and over, and Faflia et al. [7]  
aged 15 to 83 years. Further studies [2, 6, 7] were 
found that degenerative changes increased with age 
in asymptomatic patient groups similar to age group 
of this research. However, previous studies [1, 2, 6, 7, 
28, 38] showed that the prevalence of degenerative 
changes in non-asymptomatic and 60+ age group 
was very high compared to our study. 

Postacchini et al. [21] measured the SJ space in 
the axial and coronal CT sections on both sides, at 
the S1, S2 and S3 vertebral levels in their study. As 
a result of their measurements, they defined a joint 
space under 2 mm as narrowing of the joint space. In 
their study, Demir et al. [4] reported that the SJ space 
was less than 2 mm in the joints with variation. Ehara 
et al. [5] and Hadley [14] reported in their studies 
that narrowing of the joint space was observed in 
the joints with variation. However, the researchers 
did not provide a numeric value on the subjects. In 
this present study, the SJ space was measured in the 
axial and coronal CT sections on the right and left 
sides, at the S1, S2 and S3 vertebral levels. According 
to the measurements, while the joint space was over 
2 mm in the people without variation in their joints, 
it was detected to be over 2 mm in the joints with 
variation. This study supports the studies related to 
the measurement of joint space of SJ.

CONCLUSIONS
This study was carried out to contribute to the 

knowledge of anatomical variations in the normal 
population, to understand the normal morphological 
structure of SJ, and to the anatomical literature and 
radiologists to evaluate and interpret CT images. The 
prevalence of SJ degeneration in asymptomatic adults is 
high and increases significantly with age. It’s seen that 
there is not a statistically significant relationship be-
tween degenerative changes and anatomical variants. 
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Background: Stylomastoid foramen is the terminal part of facial canal and is the 
exit gateway for facial nerve from skull base. We hypothesized that anatomical 
variations of this foramen could be a risk factor for the injury of facial nerve re-
sulting in unilateral facial nerve paralysis or Bell’s palsy. Hence the present study 
was conducted to study the variations in size and shape of stylomastoid foramen 
in dry adult human skulls. 
Materials and methods: The study was conducted on 37 dry adult human skulls 
of unknown age and sex. High resolution images of the skulls under study were 
processed by ImageJ software and observations were undertaken. 
Results: Total eight variations of stylomastoid foramen were observed in terms 
of shape. The common variants were round, oval and square (present in 83.79% 
skulls on right side and 81.07% skulls on left side), whereas the rare variants 
were triangular, rectangular, serrated, bean-shaped and irregular. It was noted 
that stylomastoid foramen were associated with extensions (45.95% skulls) and 
also adjacent foramen (18.92% skulls). Exclusively unilateral observations included 
bifurcation of foramen (16.22% skulls), foramen situated deep inside skull groove 
(5.41% skulls) and foramen interrupted by bony spur (2.7% skulls). No significant 
differences were observed between the mean diameters (antero-posterior and 
transverse) of the stylomastoid foramen. 
Conclusions: The unilateral variations along with rare variations in terms of shape 
such as serrated, bean-shaped and irregular foramen (which were also unilateral 
findings) could be potential risk factors towards injury of facial nerve at the point 
of exit from skull base leading to Bell’s palsy. (Folia Morphol 2021; 80, 1: 97–105)

Key words: stylomastoid foramen, variations, risk factor, injury, facial 
nerve, Bell’s palsy

INTRODUCTION
The facial nerve or the VIIth cranial nerve leaves the 

cranial cavity by travelling through a Z-shaped bony 
canal known as the facial or Fallopian canal. The facial 
nerve lies in the tympanic cavity within the facial canal 
and leaves the skull via stylomastoid foramen [5]. 
The stylomastoid foramen is the termination of facial 

canal and is a curved aperture located in the middle 
of the base of styloid and the mastoid process of the 
temporal bone, on the inferior aspect of the petrous 
temporal bone. The foramen along with the facial 
nerve also transmits the stylomastoid artery, a branch 
of posterior auricular artery [19]. The facial canal is 
approximately 3 cm long and is divided into three 
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parts, labyrinthine, tympanic and mastoid. Available 
literature suggests anatomical difference between the 
luminal size of facial canal along its entire length and 
diameter of facial nerve, which predisposes nerve to 
compression in varied conditions leading to neuritis 
and clinically presenting as ipsilateral facial palsy 
called as Bell’s palsy [1, 12, 22].

Unilateral facial nerve paralysis is most commonly 
(70%) caused by Bell’s palsy. It is an acute onset of 
temporary weakness in facial muscles, which mostly 
occurs due to swelling or inflammation of ipsilateral 
facial or VIIth cranial nerve [4, 6]. For centuries, the 
acute onset, temporary, unilateral facial palsy was 
considered idiopathic and hence the diagnosis was 
that of exclusion of the known aetiologies. However, 
in recent literature it has been hypothesised that the 
inflammatory response to infection (commonly to 
herpes simples virus type I) induces oedema of the 
facial nerve. Consequently the nerve being entrapped 
in the un-yielding, tortuous bony facial canal becomes 
ischaemic due to the increment of the endoneural 
pressure and compression of the neural vasculature. 
Hence, the swelling evidently leads to axonal degen-
eration and cessation of nerve conduction [7, 10, 25]. 

The compression of an inflamed facial nerve has 
previously been explained on the basis of irregularity 
between the lumen size of the un-yielding facial canal 
and the neve width [3, 13]. However, the sporadic 
reports on the variation of size and shape of the 
stylomastoid foramen [17, 18], which can also have 
clinical implications in unexplained cases of facial 
nerve palsy, have never been discussed with regards 
to compression of the nerve. Hence the present study 
was conducted with an objective to study the varia-
tions in size and shape of the stylomastoid foramen 
in dry adult human skulls. 

MATERIALS AND METHODS
The study was conducted in the Department of 

Anatomy at All India Institute of Medical Sciences, 
Patna, India. Prior to the onset of the study, we ob-
tained ethical approval from the Ethics Committee 
of the above mentioned institution. The study was 
conducted on 37 dry human skulls of unknown age 
and sex and all the bones were procured from the 
bone bank of the Department of Anatomy. It was 
ensured that all selected skulls were without any 
evident deformity or sign of injury.

At the onset high resolution digital images (hori-
zontal and vertical resolutions: 300 dpi) of the of the 

norma basalis of human skulls under study were taken 
along with a 15 cm ruler (Faber-Castell’s grip ruler) with 
the help of Canon EOS 1300D 18MP digital single-lens 
reflex camera (utilising 18–55 mm lens). While taking 
the images of the skulls, uniformity was ensured with 
respect to sharpness, noise, dynamic exposure (expo-
sure range), tone reproduction, contrast and colour 
accuracy of the images. Moreover it was ensured that 
for every image the distance between the skull and the 
lens of the camera remained uniform. Prior to under-
taking the images the skulls were kept on a flat surface 
and stabilised appropriately. The images were then 
uploaded to an image processing software, ImageJ 
(1.52p version, 2019), for measurements. The images 
were converted with the help of the software to 8-bit 
colour and grayscale for proper analysis, the scale for 
measurement was set with the help of the grip ruler in 
the image and the values obtained were tabulated. All 
measurements were undertaken by two observers to 
reduce chances of error. Each measurement was taken 
twice by one observer and the final data were obtained 
as an average of the 4 measurements undertaken by 
the 2 observers. Finally mean and standard deviation 
was computed when data from all the skulls under 
study were available. Foramen’s dimension was taken 
in two planes, maximum medio-lateral or transverse 
dimension and maximum antero-posterior dimension 
for both the right and left sides. 

Ethical clearance

The authors hereby declare that the study was 
conducted only after approval had been obtained 
from the Ethical Committee of All India Institute of 
Medical Sciences, Patna whose guidelines are in ac-
cordance with the Declaration of Helsinki (1964) and 
all subsequent revisions. 

statistical analysis

Data was analysed using SPSS version 20.0 for 
Windows (SPSS Inc., Chicago, IL, USA). Paired t test 
was used to compare the left and right sides with the 
t value and p < 0.05 considered significant. Quan-
titative data are represented as mean ± standard 
deviation (SD) in the manuscript.

RESULTS
We observed a total of eight types of variations with 

respect to the shape of the stylomastoid foramen in the 
human skulls included in the present study (Figs. 1–3). 
The most common variant observed was the round 
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shaped foramen which was noted in 20 (54.05%) skulls 
on left side and in 17 (45.95%) skulls on right side, re-
spectively. Oval shaped foramen was the next common 
variant on the left side and was observed in 9 (24.32%) 
skulls. However, on the right side, square shaped fora-
men was the next common variant and was observed 
in 8 (21.62%) skulls, with oval shaped foramen noted 
in 6 (16.22%) skulls under study (Tables 1, 2).

In 17 (45.95%) skulls under study, the stylomas-
toid foramen along with its original shape had an 

extension (Fig. 4). Extension of the foramen was 
observed bilaterally in 5 (13.51%) skulls. Overall ex-
tension of the foramen was observed in 22 cases 
(bilateral in 5 skulls and unilateral in 12 skulls). Among 
the eight variations of shape of the stylomastoid fora-
men reported in the present study, only oval foramen 
(15/22; 68.18%) and round foramen (7/22; 31.82%) 
were associated with extensions. It was noted that 
oval foramen was usually associated with antero-pos-
terior extensions (13/15; 86.67%) and round foramen 

Figure 1. The common variants 
of stylomastoid foramen in 
terms of shape; A. Round sty-
lomastoid foramen; B. Square 
stylomastoid foramen; C. Oval 
stylomastoid foramen. All the 
variants of foramen are shown 
as arrow marked area in the 
figures.

Figure 2. The uncommon var-
iants of stylomastoid foramen 
in terms of shape; A. Triangular 
stylomastoid foramen; B. Rec-
tangular stylomastoid foramen; 
C. Irregular stylomastoid fora-
men. All the variants of foramen 
are shown as arrow marked 
area in the figures.
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Table 1. Details of the shape of stylomastoid foramen and associated findings in the human skulls under study

Identification 
no. of skull

Location of foramen 
(side of skull)

Shape of foramen Extensions when  
present (with direction)

Adjacent foramen when 
present (with direction)

1 Left Oval Antero-posterior —

Right Oval Antero-posterior —

2 Left Round — Anterior

Right Round — —

3 Left Square — —

Right Round Medial —

4 Left Round Anterior —

Right Round Medial —

5 Left Round — —

Right Round — Anterior

6 Left Round — —

Right Round — Anterior

7 Left Round — —

Right Triangular — —

8 Left Round — —

Right Square — —

9 Left Round Antero-medial —

Right Serrated — —

10 Left Round — —

Right Square — —

11 Left Round — Anterior

Right Irregular (d/t bony spur projecting from posterior aspect 
of styloid process)

— —

12 Left Oval (bifurcated) Antero-posterior —

Right Round — —

13 Left Round (situated deep inside the tympano-jugular groove) — —

Right Round (situated deep inside the tympano-jugular groove) — —

14 Left Oval Antero-posterior —

Right Round — —

Figure 3. The uncommon var-
iants of stylomastoid foramen 
in terms of shape; A. Serrated 
stylomastoid foramen; B. Bean-
-shaped stylomastoid foramen. 
Both the variants of foramen 
are shown as arrow marked 
area in the figures.

→
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Table 1. (cont.) Details of the shape of stylomastoid foramen and associated findings in the human skulls under study

Identification 
no. of skull

Location of foramen 
(side of skull)

Shape of foramen Extensions when  
present (with direction)

Adjacent foramen when 
present (with direction)

15 Left Round Lateral —

Right Round Medial —

16 Left Round — —

Right Square — —

17 Left Oval Antero-posterior —

Right Square — —

18 Left Round — —

Right Square — —

19 Left Oval Antero-posterior —

Right Square — —

20 Left Triangular — —

Right Rectangular — —

21 Left Round — —

Right Oval Medio-lateral —

22 Left Round — Medial

Right Round — —

23 Left Serrated — —

Right Square (bifurcated) — —

24 Left Bean-shaped — —

Right Round Medial —

25 Left Round — —

Right Round — —

26 Left Triangular (bifurcated) — —

Right Round — —

27 Left Serrated — —

Right Oval Antero-posterior —

28 Left Round — —

Right Round — —

29 Left Round — —

Right Rectangular — Medial

30 Left Rectangular — —

Right Triangular (bifurcated) — —

31 Left Round — —

Right Round — Lateral

32 Left Round — —

Right Round — —

33 Left Oval Antero-posterior —

Right Oval Medio-lateral —

34 Left Rectangular (bifurcated) — —

Right Oval (bifurcated) Antero-posterior —

35 Left Oval Antero-posterior —

Right Square — —

36 Left Oval Antero-posterior —

Right Round — —

37 Left Oval Antero-posterior —

Right Oval Antero-posterior —
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when present was always found unilaterally and in 
most cases (4/7; 57.14%) it was located anterior to 
the actual foramen. Moreover it was observed on the 
right side in 4 skulls (4/7; 57.14%) and on the left side 
in 3 skulls (3/7; 42.86%), respectively (Table 1). Nota-
bly it was observed in 6 skulls (6/37; 16.22%) under 
study that the stylomastoid foramen was bifurcated 
(Fig. 5). Foramen with bifurcation was found in four 
variants of stylomastoid foramen in terms of shape 
(oval, triangular, rectangular and square) and was 
always a unilateral occurrence. It was also observed 
that in 2 skulls (2/37; 5.41%) the foramen (round in 
shape) was situated deep inside the tympano-jugular 
groove (Fig. 5). In one of the skulls under study, the 
stylomastoid foramen was partially obstructed by the 
presence of a bony spur projecting from posterior 
aspect of styloid process (Fig. 5, Table 1). 

Measurements of dimensions of the stylomastoid 
foramen revealed that the mean antero-posterior di-
ameter were more than the mean transverse diameter 
on both sides of the skull; however, the difference was 
not statistically significant. Moreover mean values of 
both the diameters (antero-posterior and transverse) 
were more on the left side of the skull; however, the dif-
ference was again not statistically significant (Table 4).

Table 2. Variations in the shape of stylomastoid foramen as 
observed in the present study

Serial 
number

Shape of foramen Location on the skull (side)

Right Left

1 Round 17 (45.95%) 20 (54.05%)

2 Oval 6 (16.22%) 9 (24.32%)

3 Square 8 (21.62%) 1 (2.7%)

4 Triangular 2 (5.41%) 2 (5.41%)

5 Rectangular 2 (5.41%) 2 (5.41%)

6 Serrated 1 (2.7%) 2 (5.41%)

7 Bean-shaped 0 (0%) 1 (2.7%)

8 Irregular 1 (2.7%) 0 (0%)

Table 3. Distribution of extensions of stylomastoid foramen as observed in the skulls under study

No. of skulls where extension observed Distribution in the skulls Distribution according to shape of foramen

17 Bilateral Unilateral Oval Round

15 7

5 12 Right side Left side Right side Left side

Right side Left side 6 9 4 3

5 7

Figure 4. Additional morphological features of stylomastoid foramen; A. Round stylomastoid foramen showing medial extension; B. Round 
stylomastoid foramen with adjacent foramen on medial side. Both the features are shown as arrow marked area in the figures.

were usually associated with medial extensions (4/7; 
57.14%). It was also observed that in case of oval fo-
ramen, extensions were more common on the left side 
(9/15; 60%); however, for round foramen extensions 
were more on the right side (4/7; 57.14%). Bilateral 
occurrence of extensions were more common in case 
of oval shaped foramen (3/5; 60%) (Tables 1, 3). 

It was noted that the stylomastoid foramen was 
associated with an adjacent foramen in 7 skulls (7/37; 
18.92%) under study (Fig. 4). The adjacent foramen, 
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DISCUSSION
Idiopathic acute onset unilateral facial paralysis 

is commonly referred to as Bell’s palsy [4]. Available 
literature suggests that herpes simplex virus (HSV-1) 
infection and subsequent oedema within the facial 
nerve attributed to inflammatory response as the 
possible aetiology of Bell’s palsy in most cases [10, 
15]. Nevertheless, researchers in recent times have 
tried to explore beyond the popular hypothesis and 
attempted to unravel other possible factors behind 
Bell’s palsy [14, 16]. A trigger to this effect is the para-
dox that HSV-1 infection is relatively common whereas 
Bell’s palsy is rather uncommon [22]. Researchers 
have tried to focus on the measurements related to 
the tortuous and uncompromising bony facial canal 
based on the hypothesis that anatomical variations 
within this canal could possibly lead to compression 
of the facial nerve eventually culminating as Bell’s 
palsy [2, 8, 24]. Stylomastoid foramen is the termi-

nation of the facial canal and is the exit gateway 
for the facial nerve from skull base [19]. Variations 
in the dimensions (shape and size) of stylomastoid 
foramen could possibly have a significant influence in 
explained cases of Bell’s palsy. There are considerable 
lacunae in the existing literature with regards to the 
anatomical details of stylomastoid. Hence the present 
study was undertaken to throw light on the variations 
in the size and shape of stylomastoid foramen.

There have been previous studies (conducted with 
the help of computed tomography and three dimen-
sional models) on the anatomy of the facial canal and 
a recent study (on dry adult human skulls) was also 
conducted on the morphometry of the stylomastoid 
foramen [9, 11, 17, 20, 23]. However, to the best of 
our knowledge the present study is the first to explore 
the size and shape of stylomastoid foramen in dry adult 
human skulls. In this study as many as eight variations 
with regards to the shape of stylomastoid foramen 
were observed (Tables 1, 2). As noted in the present 
study, based on its shape, stylomastoid foramen can be 
broadly classified as common and rare variants. Whereas 
round, oval and square constitutes the common variants 
(present in 83.79% skulls on right side and 81.07% skulls 
on left side, respectively) shape wise triangular, rectan-
gular, serrated, bean-shaped and irregular constitutes 
the rare variants of the stylomastoid foramen (Figs. 1–3, 
Table 2). It may be suggested that rare variants such 
as serrated (due to sharp edges), bean-shaped (due 
to narrow concave margin) and irregular stylomastoid 
foramen could interfere with the smooth exit of facial 

Figure 5. Exclusive unilateral 
features of stylomastoid fora-
men; A. Bifurcated oval fora-
men; B. Round foramen situat-
ed deep inside tympano-jugular 
groove; C. Irregular foramen 
with a bony spur projecting 
from posterior aspect of styloid 
process. All the features are 
shown as arrow marked area  
in the figures.

Table 4. Dimensions of the stylomastoid foramen as observed 
in the present study

Measurement 
values

Transverse diameter 
[mm]

Antero-posterior 
diameter [mm]

Right Left Right Left

Mean ± standard 
deviation

2.02 ± 
± 0.62

2.23 ± 
± 0.57

2.21 ± 
± 1.01

2.34 ± 
± 0.64

p value 0.43 0.50

Maximum 3.26 3.78 5.76 3.95

Minimum 0.85 1.08 0.98 1.13
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nerve and thereby could have a bearing on unilateral 
injury of the nerve. 

It was noted with interest that the stylomastoid 
foramen could be associated with extensions and 
adjacent foramen. In the present study, 17 skulls 
were associated with extensions of the stylomas-
toid foramen having both bilateral and unilateral 
incidence (Fig. 4). It was further observed that only 
round and oval shaped foramen (more common var-
iants) were associated with extensions. Moreover the 
oval variants were more commonly (68.18% cases) 
associated with extensions as compared to round 
ones (31.82% cases). Notably extensions in oval 
variations of the foramen were commonly (86.67% 
cases) associated with antero-posterior orientation, 
whereas round foramen were usually associated 
with medial (57.14% cases) extensions (Table 3). In  
7 skulls included in the present study, we observed 
that the stylomastoid foramen was associated with 
an adjacent foramen which was always unilateral in 
incidence (Fig. 4). Notably in most cases (57.14%) the 
adjacent foramen was situated anterior to the actual 
foramen (Table 1). On the basis of previously report-
ed literature it may be suggested that extensions of 
the stylomastoid foramen and presence of adjacent 
foramen could be the allowance for the entry of sty-
lomastoid artery (branch of posterior auricular artery) 
which is a normal anatomical companion of the facial 
nerve [19, 21]. In terms of size, it was observed that 
mean antero-posterior diameter was more than the 
mean transverse diameter; however, the difference 
was not statistically significant (Table 4). Hence it may 
be concluded that size of the stylomastoid foramen 
could be of little importance when considering the 
risk of facial nerve injury while passing through the 
stylomastoid foramen.

A notable observation was that 6 (16.22%) skulls 
under study had bifurcated stylomastoid foramen and 
this was always unilateral in occurrence (Fig. 5). Bifurca-
tion when present was observed in oval shaped foramen 
(common variant) in 40% cases and in triangular, rectan-
gular and square shaped foramen (rare variants) in the 
remaining 60% cases. In 2 skulls, the foramen (round 
shaped) were situated deep inside the tympano-jugular 
groove (Fig. 5). In 1 skull, the stylomastoid foramen 
was partially obstructed by a bony spur (Fig. 5, Table 1).  
Overall in 9 (24.32%) skulls as discussed above, the 
anatomical details of the stylomastoid foramen could 
possibly interfere with the smooth exit of the facial nerve 
from the skull base. In other words, in these skulls the 

facial nerve was at the risk of injury while coming out 
of the stylomastoid foramen. Moreover in each of the  
9 skulls, the observation was unilateral, which could lead 
to unilateral facial nerve palsy or Bell’s palsy.

Limitations of the study

The present study has its inherent limitations as 
it is a single centre study conducted on a small num-
ber of dry human skulls. Nevertheless the findings 
reported could be considered as baseline information 
which may serve as a platform for future research. 
Knowledge about the variations in the shape of the 
stylomastoid foramen along with associated details 
such as presence of extensions of the foramen and 
existence of adjacent foramen could be useful during 
clinical interventions pertaining to facial nerve at the 
exit point from skull base. The most notable findings 
of the present study are the anatomical details of the 
stylomastoid foramen (bifurcated foramen, deeply 
situated foramen and presence of bony spur) which 
could be the cause of unilateral facial nerve lesion 
leading to Bell’s palsy. Hence it may be opined that 
the findings of the present study do support the 
hypothesis that other than HSV-I infections, the aeti-
ology of Bell’s palsy could also partly be attributed to 
anatomical variations of stylomastoid foramen which 
is the terminal point of facial canal.

CONCLUSIONS
In the present study which was conducted on 

dry adult human skulls, eight variations of stylo-
mastoid foramen were observed in terms of shape. 
The common variants were round, oval and square, 
whereas the rare variants were triangular, rectangu-
lar, serrated, bean-shaped and irregular. It was noted 
that stylomastoid foramen at times were associated 
with extension and even an adjacent foramen. It is 
quite possible that these entities are meant for the 
passage of stylomastoid artery which normally ac-
companies the facial nerve through the stylomastoid 
foramen. Variations of stylomastoid foramen, which 
were exclusively unilateral such as bifurcated fora-
men, presence of bony spur, deeply situated foramen 
within a groove were also observed. These unilateral 
variations along with rare variations in terms of shape 
such as serrated, bean-shaped and irregular foramen 
(which were also unilateral findings) could be poten-
tial risk factors towards injury of facial nerve at the 
point of exit from skull base leading to Bell’s palsy. 
No significant differences were observed between the 
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mean diameters (antero-posterior and transverse) of 
the stylomastoid foramen thus limiting their role for 
any possible injury to the facial nerve.

Acknowledgements

The authors express heartfelt gratitude to all the 
residents and faculty members of the Department 
of Anatomy, All India Institute of Medical Sciences, 
Phulwarisharif, Patna, India for their unconditional 
support throughout the study. We are grateful to the 
authorities of All India Institute of Medical Sciences, 
Phulwarisharif, Patna, India for their kind cooperation 
during the course of this study.

REFERENCES
1. Ahmed A. When is facial paralysis Bell palsy? Current 

diagnosis and treatment. Cleve Clin J Med. 2005; 72(5): 
398–401, 405, doi: 10.3949/ccjm.72.5.398, indexed in 
Pubmed: 15929453.

2. Celik O, Eskiizmir G, Pabuscu Y, et al. The role of facial canal 
diameter in the pathogenesis and grade of Bell’s palsy:  
a study by high resolution computed tomography. Braz  
J Otorhinolaryngol. 2017; 83(3): 261–268, doi: 10.1016/j.
bjorl.2016.03.016, indexed in Pubmed: 27217008.

3. Finsterer J. Management of peripheral facial nerve palsy. Eur 
Arch Otorhinolaryngol. 2008; 265(7): 743–752, doi: 10.1007/
s00405-008-0646-4, indexed in Pubmed: 18368417.

4. Fuller G, Morgan C. Bell’s palsy syndrome: mimics and 
chameleons. Pract Neurol. 2016; 16(6): 439–444, doi: 
10.1136/practneurol-2016-001383, indexed in Pubmed: 
27034243.

5. Ho ML, Juliano A, Eisenberg RL, et al. Anatomy and 
pathology of the facial nerve. Am J Roentgenol. 2015; 
204(6): W612–W619, doi: 10.2214/AJR.14.13444, indexed 
in Pubmed: 26001250.

6. Holland NJ, Weiner GM. Recent developments in Bell’s 
palsy. BMJ. 2004; 329(7465): 553–557, doi: 10.1136/
bmj.329.7465.553, indexed in Pubmed: 15345630.

7. Kawiak W, Dudkowska A, Adach B. Diagnostic difficulties 
in etiology of the lesion of peripheral neuron of the facial 
nerve during the growth of sialoma. Ann Univ Mariae 
Curie Sklodowska Med. 1993; 48: 125–128, indexed in 
Pubmed: 8534144.

8. Kefalidis G, Riga M, Argyropoulou P, et al. Is the width of 
the labyrinthine portion of the fallopian tube implicated in 
the pathophysiology of Bell’s palsy?: a prospective clinical 
study using computed tomography. Laryngoscope. 2010; 
120(6): 1203–1207, doi: 10.1002/lary.20896, indexed in 
Pubmed: 20513040.

9. Mortazavi MM, Latif B, Verma K, et al. The fallopian canal: 
a comprehensive review and proposal of a new classifica-
tion. Childs Nerv Syst. 2014; 30(3): 387–395, doi: 10.1007/
s00381-013-2332-0, indexed in Pubmed: 24322603.

10. Murakami S, Mizobuchi M, Nakashiro Y, et al. Bells palsy 
and herpes simplex virus: identification of viral DNA in 
endoneural fluid and muscle. Ann Intern Med. 1996; 
124: 27–30.

11. Nakashima S, Sando I, Takahashi H, et al. Computer-aided 
3-D reconstruction and measurement of the facial canal 
and facial nerve. I. Cross-sectional area and diameter: pre-
liminary report. Laryngoscope. 1993; 103(10): 1150–1156, 
doi: 10.1288/00005537-199310000-00013, indexed in 
Pubmed: 8412453.

12. Patel DK, Levin KH. Bell palsy: Clinical examination and 
management. Cleve Clin J Med. 2015; 82(7): 419–426, doi: 
10.3949/ccjm.82a.14101, indexed in Pubmed: 26185941.

13. Peitersen E. Bell’s palsy: the spontaneous course of 2,500 pe-
ripheral facial nerve palsies of different etiologies. Acta Otolar-
yngol Suppl. 2002(549): 4–30, indexed in Pubmed: 12482166.

14. Phillips CD, Bubash LA. The facial nerve: anatomy and 
common pathology. Semin Ultrasound CT MR. 2002; 
23(3): 202–217, doi: 10.1016/s0887-2171(02)90047-8, 
indexed in Pubmed: 12168997.

15. Powell HC, Myers RR, Costello ML, et al. Endoneurial fluid 
pressure in wallerian degeneration. Ann Neurol. 1979; 
5(6): 550–557, doi: 10.1002/ana.410050610, indexed in 
Pubmed: 475350.

16. Salib RJ, Tziambazis E, McDermott AL, et al. The crucial 
role of imaging in detection of facial nerve haeman-
giomas. J Laryngol Otol. 2001; 115(6): 510–513, doi: 
10.1258/0022215011908090, indexed in Pubmed: 11429083.

17. Sharma N, Varshney R. Morphometry of stylomastoid 
foramen and its clinical application in facial nerve block. 
Saudi J Anaesth. 2015; 9(1): 60–63, doi: 10.4103/1658-
354X.146314, indexed in Pubmed: 25558201.

18. Shin KJ, Gil YC, Lee JY, et al. Three-dimensional study of 
the facial canal using microcomputed tomography for im-
proved anatomical comprehension. Anat Rec (Hoboken). 
2014; 297(10): 1808–1816, doi: 10.1002/ar.22977, in-
dexed in Pubmed: 24990524.

19. Standring S. Gray’s Anatomy: The anatomical basis of 
clinical practice. 41st Ed. Elsevier Health Sciences, Oxford, 
UK 2015: 1592.

20. Tüccar E, Tekdemir I, Aslan A, et al. Radiological anatomy of the 
intratemporal course of facial nerve. Clin Anat. 2000; 13(2): 
83–87, doi: 10.1002/(SICI)1098-2353(2000)13:2<83::AID-
CA2>3.0.CO;2-Y, indexed in Pubmed: 10679852.

21. Upile T, Jerjes W, Nouraei SA, et al. The stylomastoid artery as an 
anatomical landmark to the facial nerve during parotid surgery: 
a clinico-anatomic study. World J Surg Oncol. 2009; 7: 71, doi: 
10.1186/1477-7819-7-71, indexed in Pubmed: 19785731.

22. Vianna M, Adams M, Schachern P, et al. Differences in the 
diameter of facial nerve and facial canal in bell’s palsy:  
a 3-dimensional temporal bone study. Otol Neurotol. 2014; 
35(3): 514–518, doi: 10.1097/MAO.0000000000000240, 
indexed in Pubmed: 24518410.

23. Wang H, Northrop C, Burgess B, et al. Three-dimensional 
virtual model of the human temporal bone: a stand-alone, 
downloadable teaching tool. Otol Neurotol. 2006; 27(4): 
452–457, doi: 10.1097/01.mao.0000188353.97795.c5, 
indexed in Pubmed: 16791035.

24. Yetiser S, Kazkayas M, Altınok D, et al. Magnetic resonance 
imaging of the intratemporal facial nerve in idiopathic 
peripheral facial palsy. Clin Imag. 2003; 27(2): 77–81, doi: 
10.1016/s0899-7071(02)00485-0.

25. Zhang W, Xu L, Luo T, et al. The etiology of Bell’s palsy:  
a review. J Neurol. 2020; 267(7): 1896–1905, doi: 10.1007/
s00415-019-09282-4, indexed in Pubmed: 30923934.

http://dx.doi.org/10.3949/ccjm.72.5.398
https://www.ncbi.nlm.nih.gov/pubmed/15929453
http://dx.doi.org/10.1016/j.bjorl.2016.03.016
http://dx.doi.org/10.1016/j.bjorl.2016.03.016
https://www.ncbi.nlm.nih.gov/pubmed/27217008
http://dx.doi.org/10.1007/s00405-008-0646-4
http://dx.doi.org/10.1007/s00405-008-0646-4
https://www.ncbi.nlm.nih.gov/pubmed/18368417
http://dx.doi.org/10.1136/practneurol-2016-001383
https://www.ncbi.nlm.nih.gov/pubmed/27034243
http://dx.doi.org/10.2214/AJR.14.13444
https://www.ncbi.nlm.nih.gov/pubmed/26001250
http://dx.doi.org/10.1136/bmj.329.7465.553
http://dx.doi.org/10.1136/bmj.329.7465.553
https://www.ncbi.nlm.nih.gov/pubmed/15345630
https://www.ncbi.nlm.nih.gov/pubmed/8534144
http://dx.doi.org/10.1002/lary.20896
https://www.ncbi.nlm.nih.gov/pubmed/20513040
http://dx.doi.org/10.1007/s00381-013-2332-0
http://dx.doi.org/10.1007/s00381-013-2332-0
https://www.ncbi.nlm.nih.gov/pubmed/24322603
http://dx.doi.org/10.1288/00005537-199310000-00013
https://www.ncbi.nlm.nih.gov/pubmed/8412453
http://dx.doi.org/10.3949/ccjm.82a.14101
https://www.ncbi.nlm.nih.gov/pubmed/26185941
https://www.ncbi.nlm.nih.gov/pubmed/12482166
http://dx.doi.org/10.1016/s0887-2171(02)90047-8
https://www.ncbi.nlm.nih.gov/pubmed/12168997
http://dx.doi.org/10.1002/ana.410050610
https://www.ncbi.nlm.nih.gov/pubmed/475350
http://dx.doi.org/10.1258/0022215011908090
https://www.ncbi.nlm.nih.gov/pubmed/11429083
http://dx.doi.org/10.4103/1658-354X.146314
http://dx.doi.org/10.4103/1658-354X.146314
https://www.ncbi.nlm.nih.gov/pubmed/25558201
http://dx.doi.org/10.1002/ar.22977
https://www.ncbi.nlm.nih.gov/pubmed/24990524
http://dx.doi.org/10.1002/(SICI)1098-2353(2000)13:2%3c83::AID-CA2%3e3.0.CO;2-Y
http://dx.doi.org/10.1002/(SICI)1098-2353(2000)13:2%3c83::AID-CA2%3e3.0.CO;2-Y
https://www.ncbi.nlm.nih.gov/pubmed/10679852
http://dx.doi.org/10.1186/1477-7819-7-71
https://www.ncbi.nlm.nih.gov/pubmed/19785731
http://dx.doi.org/10.1097/MAO.0000000000000240
https://www.ncbi.nlm.nih.gov/pubmed/24518410
http://dx.doi.org/10.1097/01.mao.0000188353.97795.c5
https://www.ncbi.nlm.nih.gov/pubmed/16791035
http://dx.doi.org/10.1016/s0899-7071(02)00485-0
http://dx.doi.org/10.1007/s00415-019-09282-4
http://dx.doi.org/10.1007/s00415-019-09282-4
https://www.ncbi.nlm.nih.gov/pubmed/30923934


Folia Morphol. 
Vol. 80, No. 1, pp. 106–113

DOI: 10.5603/FM.a2020.0012
Copyright © 2021 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

106

Address for correspondence: Prof. M. Topol, Department of Angiology, Chair of Anatomy and Histology, Medical University of Lodz,  
ul. Żeligowskiego 7/9, 90–752 Łódź, Poland, e-mail: miroslaw.topol@umed.lodz.pl

The position of a duodenal diverticulum in  
the area of the major duodenal papilla and  
its potential clinical implications
E. Jakubczyk1, M. Pazurek2, A. Mokrowiecka2, B. Woźniak2, E. Małecka-Panas2,  
M. Podgórski3, M. Polguj1 , M. Topol4

1Department of Normal and Clinical Anatomy, Chair of Anatomy and Histology, Medical University of Lodz, Poland 
2Department od Digestive Tract Diseases, Chair of Gastroenterology, Medical University of Lodz, Poland 
3Department of Diagnostic Imaging, Polish Mother’s Memorial Hospital — Research Institute, Lodz, Poland 
4Department of Angiology, Chair of Anatomy and Histology, Medical University of Lodz, Poland

[Received: 15 August 2019; Accepted: 7 January 2020]

Background: Although duodenal diverticula are associated with less frequent 
pathology than the colonic diverticula in the large intestine, their periampullary 
position may have significant clinical implications. The aim of the study was to 
identify any possible correlation between the type of localisation of the major 
duodenal papilla, duodenal diverticula, and some particular clinical issues. 
Materials and methods: In total, 628 patients (408 females and 220 males; aged 
21–91 years), who underwent endoscopic retrograde cholangiopancreatography 
were included in this study. The patients were divided into two groups: a study 
group comprising 66 (10.5%) patients with periampullary position of diverticula 
(group A), and a control group comprising 562 (89.5%) patients without diver-
ticula (group B). 
Results: A duodenal diverticulum was diagnosed in the periampullary position 
in 66/628 (10.5%) patients: 41 women (aged 52–91 years) and 25 men (aged 
54–83 years).
Conclusions: Three types of localisation were observed for the major duodenal 
papilla with regard to the diverticula, with the most common type being next to 
each other (type III). In patients with diverticula, similar frequencies of gallstone 
occurrence are observed in men and women. Patients with papilla in the divertic-
ulum who underwent cholecystectomy are more prone to develop lithiasis. (Folia 
Morphol 2021; 80, 1: 106–113)

Key words: endoscopic retrograde cholangiopancreatography (ERCP), 
duodenal diverticula, choledocholithiasis, major duodenal papilla

INTRODUCTION
Diverticula of digestive tract are usually seen in the 

large intestine. They form “baggy intestine pouches” 
extending beyond the colonic wall. Diverticula have 
been shown to develop in response to increased 
pressure inside the intestinal lumen, weakness of the 
muscular membrane of intestine, a fibre-deficient 

diet, low physical activity and chronic constipation. 
Furthermore, the incidence of diverticula increases 
with age [4, 21]. Two types of diverticulum have been 
recognised: true diverticula, caused by developmental 
disorders following the deformation of all layers of 
the intestine wall, and spurious diverticula, formed 
only by the mucous and submucous membrane; the 
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https://orcid.org/0000-0002-7888-0779


107

E. Jakubczyk et al., The position of a duodenal diverticulum and its clinical implications

latter resemble hernias and develop in spots with 
decreased wall resistance [19, 21].

Duodenal diverticula (DD) are less frequently 
seen but are of significant importance, especially 
when they are located in close proximity to the 
major duodenal papilla (MDP). They are the sec-
ond most common morphological pathology of 
the digestive tract after the colonic diverticula. This 
common entity was first described by Chomel in 
1710 [see 32]. Their prevalence in particular pop-
ulations ranges from 5% to 32.8% and has no sex 
predilection [3, 4, 19–21, 29, 32].

Duodenal diverticula are usually detected inci-
dentally in patients during endoscopic retrograde 
cholangiopancreatography (ERCP) [4, 12, 15, 18, 24, 
25, 34, 41, 43]. Congenital or true diverticula are 
rare, contain all layers of the duodenal wall, and may 
be subdivided into intraluminal and extraluminal 
forms [17, 32]. Intraluminal DD, first observed by Sil-
cock in an autopsy specimen in 1885, are postulated 
to be secondary to congenital webs or membranes 
formed during the recanalization stage of the duo-
denal lumen after the seventh week of gestation — 
incomplete canalisation of the lumen. Extra-luminal 
duodenal diverticulum is a herniation acquired from 
a defect in the bowel wall due to entrance of vessels. 
The diagnosis in the literature has been almost exclu-
sively based on the pathognomonic a barium-filled 
sac surrounded by a narrow radiolucent line entirely 
within the duodenum. The acquired or false type is 
more common, and is formed by protrusion of the 
mucosa, muscularis mucosa, or submucosa through 
a focal weakness in the duodenal wall. This is usually 
near blood vessels, the pancreatic duct, and the 
common bile duct [17, 32]. Spurious DD are mainly 
found next to the major duodenal ampulla, where 
they are associated with the healing of ulcerations 
in this area [20].

Duodenal diverticula are typically observed in 
patients older than 40 years old and their frequen-
cy increases with advancing age. Their formation is 
associated with the progression of duodenal motility 
disorders. The main underlying aetiologies for this 
defect are believed to be increased intraduodenal 
pressure and the progressive weakening of the in-
testinal smooth muscles. Diverticula are frequently 
asymptomatic, but they may be a cause of consider-
able morbidity [6, 14, 15, 32, 33]. 

Duodenal diverticula rarely cause any specific 
symptoms. A feeling of fullness or nausea may appear, 

as well as postprandial pain related to the stretching 
of the large diverticula by the lingering chyme. These 
symptoms are often mistaken with signs of peptic 
ulcer disease [6]. However, DD may be of major clinical 
importance, especially when they are located close 
to the MDP [22, 24]. A few reports have proposed 
an association between the position of the MDP 
in the diverticulum and an increased frequency of 
bile duct disease, especially lithiasis and pancreatitis  
[3, 4, 9, 16, 18, 19, 21, 36, 38, 39].

Although DD are usually asymptomatic and dis-
covered incidentally in patients during ERCP, DD can 
be associated with various pathological conditions 
such as common bile duct obstruction, pancreatitis, 
perforation, bleeding, and in rare cases, carcinoma 
[1–3, 8, 27, 30].

The aim of the study was to evaluate the frequency 
of MDP in the duodenal diverticulum with regard 
to diverticula characteristics, patient demographics, 
and the frequency of bile duct lithiasis, as well as of 
other pathologies or specific complaints. This data 
was approved by the ethics committee of the Medical 
University of Lodz (NR RNN/186/12/ KE). 

MATERIALS AND METHODS
This study was designed in a retrospective manner. 

Initially, 650 adult patients (421 women and 229 
men), hospitalised in the Department of Digestive 
Tract Diseases Medical University of Lodz between 
2010 and 2014 were evaluated for inclusion in the 
study. All individuals underwent an ERCP due to the 
following medical indications: clinical and biochem-
ical features of jaundice, bile duct inflammation, 
severe gallstone, pancreatitis and suspected malig-
nancy of the MDP, biliary ducts or pancreas, as in 
other hospitals [4, 10, 29]. Other indications in this 
group were based on previous ultrasonography and 
computed tomography examinations.

Twenty-two patients were excluded from the eval-
uated group because of cholangiocarcinoma and 
pancreatic cancer. Finally, 628 patients (408 women 
and 220 men), aged 21–91 years were included in 
the study (Table 1). Written informed consent was 
obtained from all patients who underwent ERCP. 

During ERCP, the duodenal papilla was identified 
and catheterised. The bile duct was contrasted with 
a non-ionic contrast agent (Ultravist) and an X-rh 
ERCPay image was taken.

Among patients diagnosed with ERCP, the pres-
ence of stones in the biliary ducts or/and concre-
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tions in the gallbladder was recognised as primary 
choledocholithiasis; however, among those who had 
undergone cholecystectomy, choledocholithiasis in 
the biliary ducts was recognised as secondary [29].

The duodenal diverticulum was diagnosed as  
a depression of the intestine mucous membrane 
deeper than 5 mm.

The study population was divided into two groups: 
a study group comprising 66 patients (10.5% of the 
initial group) with periampullary position of divertic-
ula (group A), and a control group comprising 562 
(89.5%) patients without diverticula (group B). 

The classification proposed by Boix et al. [4] was 
used to estimate the position of the duodenal major 
papilla in patients with the diverticula in the periamp-
ullary position. Three localisation types were identified 
for the major duodenal papilla: type I — MDP situated 
inside a diverticulum (centrally or at its internal edge), 
type II — MDP located between two diverticula, and 
type III — MDP situated 3 cm from a diverticulum, 
or at its external edge. All incidences were classified 
as type I, II or III, and the results for group A were 
compared with those for group B at ERCP. 

statistical analysis

Statistical analysis was performed using Statistica 
12.0 software (Statsoft, Cracow, Poland). P < 0.05 
was considered significant. The χ2 test was employed 
to compare nominal data between two groups of 
patients divided according to the presence of a du-
odenal diverticulum.

RESULTS
Patient characteristics

Among 628 examined patients, the presence of 
at least one diverticulum in the area of the MDP was 
detected in 66 patients, and these were assigned to 
group A (10.5%). Within group A, 41 (62%) subjects 
were women, aged 52–91 years, and 25 (38%) were 

men, aged 54–83. Similarly, in group B were 367/562 
(65.3%) women and 195/562 (34.7%) men. The differ-
ence between the number of women in group A and 
B was not significant (p = 0.6083). The majority of 
patients in group A (84.8%) and B (81.9%) were over 
the age of 60. The difference between these patients 
of the two groups was not significant (p = 0.5416). 

dd and MdP

Of the MDP localisations, the most common was 
type III, i.e. where the MDP was situated next to 
the diverticula or at its external edge, which was 
observed in 29/66 cases (43.9%). This was followed 
by type II, i.e. where the MDP was located between 
two diverticula, observed in 22/66 cases (33.3%), and 
then type I, i.e. where the MDP was situated inside of 
the diverticula, in 15/66 cases (22.7%). Types II and III 
together were named as the juxtapapillary positions 
of the MDP (Fig. 1).

Juxtapapillary MDP was present significantly more 
often in woman (28/41; 68.3%) than in men (9/25; 
36%; p = 0.002). No significant difference in diver-
ticulum location was observed with regard to age 
(p = 0.3486).

dd and clinical considerations

In 38/66 (57.5%) patients with diverticulum, biliary 
stones were detected with ERCP, and were removed 
during the same procedure. Only in 1 case was the 
size of the bile stone too large to be removed and the 
patient referred to surgery. Bile duct stones occurred 
less frequently in group B (262/562; 46.6%) than in 

Table 1. Demography of examined patients

Gender Demography
Patients with  
diverticulum

Patients without  
diverticulum

N % BMI N % BMI

Female 41 62.1 31 ± 0.5 367 65.3 30 ± 0.5

Male 25 37.9 29 ± 0.5 195 34.7 27 ± 0.5

Total 66     562    

BMI — body mass index

Figure 1. Location of major duodenal papilla in the area of the 
diverticulum.

Papilla in diverticulum (22.7%)

Papilla beetwen two diverticula (33.3%)

Papilla in the area of diverticulum (43.9%)

22.7%

33.3%

43.9%
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group A (38/66; 57.5%); however, the difference was 
not significant (p = 0.0918; Fig. 2). 

Biliary lithiasis was therefore detected in 262 cas-
es in patients without diverticula: 192/367 (52.3%) 
women and 70/195 (35.9%) men. In this group, the 
frequency of choledocholithiasis was significantly 
higher in women then in men (p = 0.002).

In contrast, no such significant difference in biliary 
lithiasis frequency was observed between male and 
female participants with the duodenal papilla locat-
ed near the diverticulum: 25/41 (60.9%) women vs. 
13/25 (52%) men (p = 0.646). 

Primary choledocholithiasis was detected in 
28/66 (33.3%) patients of the whole of group A, 
and in 240/562 (42.7%) of the whole of group B  
(p = 0.1536). However, among the patients with 
lithiasis, 28/38 (73.6%) from group A and 240/262 
(91.6%) from group B suffered from primary chole-
docholithiasis. The difference between these groups 
was statistically significant (p = 0.0115).

Of the patients with choledocholithiasis, addition-
al gallbladder stones were detected in 4/28 (14.3%) 
in group A, and 36/240 (15%) in group B.

Secondary choledocholithiasis was found in 10 
patients from group A and 10 (26.3%) with lithiasis. 
In group B, it was identified in 22 of all 562 (3.91%) 
patients or 22 of the 262 (8.4%) patients with lithiasis. 
The difference between these groups was significant 
(p = 0.0184).

dd and clinical complications

A small number of complications such as bleeding 
were observed in the elderly patients (3/66; 4.5%). 
Pancreatitis was not observed.

Of the 66 patients with duodenal diverticulum,  
12 (18.7%) individuals required prosthesis implanta-
tion into bile ducts due to incomplete stone evacua-
tion. Among the 562 patients with the major duode-
nal papilla in the normal position, 141 (25%) required 
the prosthesis. The difference was not significant  
(p = 0.291; Fig. 3). 

Similar proportions of patients from group A  
(40/66 subjects; 60.6%) and group B (333/562 sub-
jects; 59%) underwent endoscopic papillotomy  
(p = 0.8323; Fig. 4).

In 21 of the 66 (42.2%) examined patients with 
diverticula, no other pathology was detected. It can 
be assumed that symptoms like pain and jaundice 
in this group were only caused by the presence of 
diverticula. However, the type of position of the diver-

ticulum was not connected with increasing frequency 
in any specific complaints. 

DISCUSSION
 The incidence of DD ranges between 5% and 

32.8% with the most common localisation being in 
the area of the MDP [4, 10, 20, 26]. Boix et al. [4] 
reports the frequency of periampullary diverticulum 
to be 32.8%, while Zoepf et al. [44] reports 12%, 
which is similar to our findings. 

60
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46.6%

Figure 2. Frequency of lithiasis in patients with diverticulum, and in 
patients without diverticulum. 
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Figure 3. Frequency of prothesis of the bile duct.
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Figure 4. Frequency of endoscopic papillotomy.
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The prevalence of DD increases with patient age. 
Our present findings indicate the majority of patients 
with duodenal diverticulum to be over 60 years old, 
which is confirmed by previous studies [21, 26, 29, 
31]. Accordingly, roughly 40% of DD cases were found 
in patients aged 70 to 79 years [4, 7, 10, 37]. This 
relationship with advancing age suggests a degener-
ative process involving local supporting structures as 
an additional factor in the pathogenesis of DD [10]. 
This process may interfere with biliary drainage by 
establishing an unfavourable pressure gradient across 
the biliary tracts or by contraction of the duodenal 
wall and bile duct sphincter, thus obstructing the flow 
[10, 12]. In the case of secondary inflammation, the 
common bile duct can be obstructed by a juxtapap-
illary duodenal diverticulum filled with a food bezoar 
[24]. In turn, this may contribute to stasis in the biliary 
and pancreatic ductal systems, thereby promoting 
infection and increasing lithiasis [10, 23]. In most 
cases, DD are asymptomatic and are detected only 
by chance during ERCP examination [4, 19, 25, 28]. 
However, when symptoms occur, they often coexist 
with pathology in the hepato-pancreatic area. 

Many authors consider DD to be a risk factor for 
choledocholithiasis and relapsing lithiasis [4, 8, 9, 11, 
14, 18, 21, 25, 29, 40, 42]. Lithiasis tended to occur 
more frequently among patients with DD than in pa-
tients with the major duodenum in normal location. 
There are only a few reports on the role of diverticula 
in the pathogenesis of choledocholithiasis [3, 11, 19, 
22, 33]. However, several hypotheses have been put 
forward to explain the observed higher incidence of 
biliary stone formation in the presence of DD. First, 
it was proposed that dysfunction in the sphincter of 
the common bile duct can lead to lithiasis by causing 
the reflux of pancreatic fluid and intestinal content. 
Second, it is possible that diverticula cause the sphinc-
ter to spasm, thereby increasing biliary duct pressure 

that may in turn produce jaundice and cholangitis, as 
well as increase the chance of biliary stone formation. 
Finally, DD can compress the distal part of the common 
bile duct, causing functional biliary stasis [2, 5, 35].

Our present findings indicate a correlation be-
tween gender and choledocholithiasis only in the 
control group. In the study group, the frequency of 
lithiasis was similar in both sexes. The most common 
location of MDP in relation to the diverticulum was 
type III (43.9%), which is inconsistent with the reports 
of other authors (Table 2). 

However, our findings are only confirmed by those 
of Zippi et al. [43]. So, the present study revealed that 
published data on the prevalence of papilla location 
with respect to DD is contradictory. This may be due 
to differences in the criteria used for classifying the 
position of the duodenal papilla and DD. For exam-
ple, in contrast to all other articles, Katsinelos et al. 
[15] define type III as the intradiverticular position, 
i.e. papilla located between two adjacent diverticula  
[4, 7, 15, 31, 41, 43].

In our research, bile duct stones occurred less 
frequently in group B than in group A; however, the 
difference was not significant (p = 0.0918). 

Primary choledocholithiasis was detected less fre-
quently in patients from group A than from group B  
(p = 0.1536). However, a significantly greater pro-
portion of the patients with lithiasis from group A 
(73.6%) suffered from primary choledocholithiasis 
than from group B (p = 0.0115). Various other stud-
ies, including Tham and Kelly [37], report the greatest 
percentage to be among patients in whom chole-
docholithiasis was accompanied by cholecystolithi-
asis [3, 24, 43, 44]. Similarly, in our study secondary 
choledocholithiasis was found in 26.3% patients with 
lithiasis in group A, “and in 8.4% of patients with 
lithiasis in group B. The difference between these 
groups was significant (p = 0.0184).

Table 2. The three types of papilla’s location with respect to periampullary diverticula 

Authors Total (n) Type I (%) Type II (%) Type III (%)

Boix et al. [4] 131 49% 30.5% 19.8%

Chandy et al. [7] 200 14% 17% 70%

Katsinelos et al. [15] 107 14% 72% 14%

Ozogul at al. [31] 249 41.3% 41.7% 17%

Yildirgan et al. [41] 51 52% 37.3% 9.8%

Zippi et al. [43] 77 28.6% 46.7% 24.7%

Present study 66 22.7% 33.3% 43%
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Our findings confirm a strong association between 
bile duct stones and DD. This is present both in sub-
jects with common bile duct stones as primary chole-
docholithiasis and as secondary choledocholithiasis 
among patients with lithiasis in group A and group B. 
However, this difference was not significant between 
patients with lithiasis of both groups compared with 
all patients of both groups.

Consistent with our findings, Li et al. [23] also 
report a particularly close correlation between DD and 
choledocholithiasis after cholecystectomy. 

A recent study by Bruno et al. [5] confirmed an 
association between diverticula and choledocholith-
iasis, cholangitis and common bile duct dilatation in 
an endoscopic ultrasound study of the prevalence of 
DD. In addition, no significant association was found 
between the presence of DD and acute, recurrent or 
chronic pancreatitis, as in the present study. 

Khan et al. [17] present a case of Lemmel’s syn-
drome, defined as obstructive jaundice, caused by DD 
in absence of choledocholithiasis or tumour [1, 13, 14].  
Diagnosing Lemmel’s syndrome is often challeng-
ing; to avoid delays in diagnosis and management,  
a side-viewing endoscope is used on patients with DD 
during ERCP. This approach is considered to be the 
gold-standard diagnostic test and diverticulectomy 
remains the standard of care.

The most frequent complications associated with 
ERCP are bleeding and severe acute pancreatitis  
[3, 4, 8, 25, 29]. The presence of a diverticulum did 
not affect the frequency of ERCP complication, which 
indicates that the location of the papilla close to 
the diverticulum does not hinder its catheterisation. 
In 31.8% patients with the papilla located near to 
the diverticulum, no other pathology was detected, 
which could explain the occurrence of the ailments 
reported by our patients. Chiang et al. [9] report  
a lower percentage of such patients (11%). However,  
unlike previous studies, our findings indicate that 
the type of diverticulum was not associated with 
the frequency of any specific complaints.

Limitations of the study

The present study has one key limitation: it was 
not possible to exclude the likelihood of the presence 
of microlithiasis among some of the patients.

CONCLUSIONS
Gallstones were more common in the group of 

patients with periampullary diverticula than in the 

control group; however, the difference was not sig-
nificant. In patients with diverticula, this frequency 
is similar in men and women.

In patients with diverticula, the most common 
localization of the diverticulum is next to the major 
duodenal papilla (type III).

Duodenal diverticula can have a significant influ-
ence on the frequency of pathologies, especially in 
the area of the bile duct. Patients with papilla in the 
diverticulum who underwent cholecystectomy were 
found to be more prone to developing lithiasis. 

It is possible that in the presence of DD, bile build-
up and thickening may possibly lead to the develop-
ment of gallstones and biliary duct stones. 

The results also suggest that the presence of DD in 
the area of major duodenal papilla, accompanied by 
choledocholithiasis, is similar in both sexes; however, 
the type of diverticulum is not related to the incidence 
of any specific complaint.
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Background: Coeliac trunk (CT) is the first major visceral branch of the abdom-
inal aorta. The aim of this work was to present the CT division pattern and its 
anatomical variants in a sample of Polish population. 
Materials and methods: Coeliac trunk dissection was performed in 50 adult 
cadavers in the Department of Anatomy, Jagiellonian University Medical College. 
Cadavers of Polish subjects were included. Cadavers with previous upper abdom-
inal surgery, abdominal trauma, disease process that distorted arterial anatomy or 
signs of putrefaction were excluded. CT variations, accessory vessels, and vertebral 
level of origin were described. CT patterns were reported according to the Adachi 
classification. This study was reviewed and approved by the local Ethics Committee. 
Results: Coeliac trunk consisting of the left gastric, common hepatic and splenic 
artery (type 1 according to the Adachi classification) was found in 82% of cadavers. 
The true tripod was found in 20% and the false one in 80%. Additional vessels 
were also found: greater pancreatic from the splenic artery and left inferior phrenic 
from the left gastric artery, which accounted for 2% sections. Type 2 according to 
the Adachi classification (i.e. the hepatosplenic trunk) was found in 16% of the 
sections. Other types of CT were not observed. The level of origin was found to 
be at the inter-vertebral disc between T12 and L1 in all of the cases.
Conclusions: Based on the analysis of the sectional material of the Department 
of Anatomy, it was found that the typical visceral segmental division is approx-
imate to that observed by Adachi in its classification, whereas the second type 
of CT was twice as frequent and no other, less frequent types were found. (Folia 
Morphol 2021; 80, 1: 114–121)

Key words: tripod, anatomical variations, Adachi classification, coeliac 
trunk

INTRODUCTION
The coeliac trunk (CT) is the first anterior visceral 

branch of the abdominal aorta (AA) and it arises from 
AA immediately below the aortic hiatus at the level of 
T12-L1 vertebra. It measures 1.5–2 cm. It runs down, 
right and slightly forward, lying back from the lesser 
omentum. Its ending lies just above the upper bor-
der of the pancreas. CT is surrounded by the coeliac 
plexus. It was first described by Albrecht von Haller 

in 1756 [13], as “tripus Halleri”, which represents the 
classical type of branching, known as trifurcation in 
the left gastric artery (LGA), common hepatic artery 
(CHA) and splenic artery (SA). Anatomic variation of 
CT has been first classified by Adachi in 1928 [1],  
based on 252 dissections of Japanese cadavers, where 
six types of divisions were described (Fig. 1). However, 
two forms of trifurcation have been most commonly 
observed: a “true” tripod is considered when the 
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CHA, LGA and SA have a common origin, constituting  
a hepatogastrosplenic trunk. When one of these ar-
teries arises before the remaining two in the course of 
the CT, it is called a false tripod [36]. CT supplies the 
structures derived from the foregut (liver, pancreas, 
abdominal part of the oesophagus, stomach and 
proximal duodenum). Surgery of the abdominal cavity 
requires an excellent knowledge of anatomical varia-
tions of the CT. Familiarity with the vascular supply of 
abdominal organs such as liver or pancreas is basic for 
numerous procedures (chemo-embolisation, liver re-
section, pancreatectomy) [15]. In the present modern 
era of imaging techniques, the cadaver still stands as 
an important and reliable mode of anatomical study 
[26, 51]. Hence, the aim of this cadaveric study was to 
analyse and report the vascular patterns of CT for the 
first time in a sample of Polish population according 
to the classification by Adachi [1].

MATERIALS AND METHODS
Dissection of the CT was performed in 50 forma-

lin-fixed abdomen specimens in the Department of 
Anatomy, Jagiellonian University Medical College. The 
inclusion criteria were cadavers of Polish nationality 
subjects. The sex and age was not taken into account. 
Cadavers with previous upper abdominal surgery, 
abdominal trauma, disease process that distorted 
the arterial anatomy or signs of putrefaction were 
excluded. This study was reviewed and approved by 

the local Ethics Committee (no. 1072.6120.78.2019). 
Informed consent was not required. After dissection 
of the anterior abdominal wall, and entering the peri-
toneal cavity, the greater omentum of the stomach 
was dissected from the transverse colon, exposing the 
posterior wall of the stomach and opening the lesser 
sac. The pylorus was freed from adjacent connective 
tissue, and the omentum minus was opened along 
the minor curvature. Once the CHA, the LGA and 
the SA were identified, their course was followed to 
their site of origin. The presence of a “true tripod” 
or a “false tripod” was examined. CT variations, ac-
cessory vessels and site of origin were recorded and 
referred to Adachi’s classification. Care was taken not 
to overlook a left hepatic artery. The LGA was exposed 
as well as the coronary vein. The pancreas was also 
dissected to expose the origin of the superior mesen-
teric artery (SMA). The vertebral level of the CT origin 
was determined by palpation in cephalic direction 
beginning from the fifth lumbar vertebral body. The 
structures of the AA, its branches and variations were 
photographed using a digital camera.

RESULTS
During routine dissection of abdomen we ob-

served the following branching patterns of CT. Coeliac 
trunk divided into CHA, LGA and SA in 82% of the 
cadavers (41/50). This pattern corresponds to Ad-
achi type I. Furthermore, two different trifurcation 

Figure 1. Coeliac trunk variations according to Adachi; CHA — common hepatic artery; LGA — left gastric artery; SA — splenic artery;  
SMA — superior mesenteric artery.
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patterns were observed; a classical or “true” tripod 
called “tripus Halleri” and a non-classical type. In 
the classical type, CHA, SA and LGA were found to 
arise from the CT. This was found in 20% of dis-
sections (8/41) (Figs. 2, 3). In the non-classical type 
also known as “false” tripod the origin of LGA was 
located relatively proximal, between the AA and the 
bifurcation of CT, in 33 out of the 41 cadavers (80%) 
(Figs. 4, 5). Bifurcation of the CT (Adachi type II) was 
found in 16% of the cadaveric dissections (8/50). The 
CT divided into CHA and SA (hepatosplenic trunk) 
whereas LGA originated directly from the AA (Fig. 6).  
In 1 case, an accessory left inferior phrenic artery 
(LIPA) was found, rising from the LGA. The given 
variability was observed in 2%, which corresponds 
to 1/50 of cadavers. In addition, our attention was 
drawn by false tripod with two additional arteries: 
namely the LIPA from LGA and the greater pancreatic 
artery from SA. Such a variation occurred in 2% (1/50 
of cadavers). The variations found in the present 
study in comparison to other cadaveric studies were 

summarised in Table 1. Considering the prevalence 
of using the computed tomography angiography 
(CTA) in analysing anatomical variations, we also 
compared our results with the radiological studies 
in Polish population (Table 2). Correlation between 
gender and CT variation is given in Table 3. The level 
of CT origin was found to be at the inter-vertebral 
disc between T12 and L1 in all of the cases. Level of 
origin CT in different variations presented in Table 4. 

DISCUSSION
Anatomic variations of CT has been described 

by many authors in various classifications i.e. Rossi 
and Cova (1904) [38], Lariche and Villemin (1907) 
[23], Descomps (1910) [9], Picquand (1910) [35], 
de Rio Branco (1912) [37], Lipschutz (1917) [24], 
Eaton (1917) [10], Adachi (1928) [1], Tsukamoto 
(1929) [45], Imakoshi (1949) [16], Michels (1955) 
[27], Kozhevnikova (1977) [21], Katsume et al. (1978) 
[18], Vandamme and Bonte (1985) [46], Nelson et 

Figure 2. True tripod; 1 — coeliac trunk; 2 — common hepatic 
artery; 3 — splenic artery; 4 — left gastric artery; 5 — left gastric 
vein; 6 — greater pancreatic artery; 7 — splenic vein; 8 — superior  
mesenteric vein; 9 — portal vein. 

Figure 3. True tripod; 1 — coeliac trunk; 2 — common hepatic  
artery; 3 –— splenic artery; 4 — left gastric artery; 5 — left gastric  
vein; 6 — right inferior phrenic artery; 7 — gastroduodenal artery; 
8 — proper hepatic artery; 9 — splenic vein; 10 — superior mes-
enteric vein; 11 — portal vein; 12 — common bile duct.
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al. (1988) [30], Kaneko (1990) [17], Chen (2009) [7],  
Shoumura et al. (1991) [40], Wadhwa Ambica (2011) 
[48], Panagouli (2013) [32], Olewnik et al. (2017) 
[31]. In our study we referred to Adachi [1] and 
Michels [27] who have classified the CT into six dif-
ferent types. However, these classifications do not 
include all observed variants of the CT as well as 
accessory or replaced hepatic arteries, both of them 
are still being mentioned and compared with newly 
described ones [8, 12, 26, 32, 34, 41, 44]. Further-
more, Adachi’s and Michel’s classifications described 
in textbooks were recently considered to create  
a scheme of the most frequent variants of the CT and 
anatomy of the hepatic circulation [7, 41]. Michel’s 
classification was also used for depiction of CT and 
CHA variations in children [5]. Favelier et al. [11] 
mentioned that this classification provides the best 
anatomical approach. The types of CT according to 
Michels’ classification are as follows: type 1 — normal 
branching; type 2 — hepatosplenic trunk and LGA 

from aorta; type 3 — hepatosplenomesenteric trunk 
and left gastric from aorta; type 4 — hepatogastric 
trunk and SA from SMA; type 5 — splenogastric type; 
splenic and left gastric from the CT and CHA from 
SMA; and type 6 — coeliacomesenteric trunk; splenic, 
left gastric, common hepatic and superior mesen-
teric arteries arise from a common trunk [27, 40].  
Indeed, the most prevalent is type 1, which occurs 
in 86% of the population [13]. We observed this 
type in 83.33% of cadavers. Type 2 occurring in 8% 
of population, was found in our study in 16.67% 
of cases. We did not observe other less common 
types i.e. type 3 (hepatosplenovisceral trunk), type 4 
(visceromesenteric trunk), type 5 (hepatomesenteric 
trunk), type 6 (gastrosplenic trunk). Absence of the 
CT is the most infrequent variation, with a mean 
prevalence of 0.38%. In many studies, no CT absence 
has been found [2, 7, 15, 24]. In our study, no case 
of absence of CT was found (Table 1). It is important 
to notice that Olewnik et al. [31] revealed a shed-
load of CT variations non-classified by Adachi (27%) 

Figure 4. False tripod; 1 — coeliac trunk; 2 — common hepatic 
artery; 3 — splenic artery; 4 — left gastric artery; 5 — proper 
hepatic artery; 6 — gastroduodenal artery; 7 — portal vein; 8 — 
superior mesenteric artery. 

Figure 5. False tripod; 1 — coeliac trunk; 2 — common hepatic 
artery; 3 — splenic artery; 4 — left gastric artery; 5 — proper  
hepatic artery; 6 — gastroduodenal artery.
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such as: 1) quadrifurcation — normal trifurcation  
+ accessory hepatic artery: 7.5%; 2) coeliacophrenic 
trunk — normal trifurcation + LIPA: 12.5%; 3) trifur-
cation — hepatosplenic artery + accessory hepatic 
artery: 5.0%; 4) absence of the CT: 2.5% [31], so we 

compared our results with other cadaveric studies of 
the non-Polish populations (Table 1).

Kornafel et al. [20] studied the variations of the 
main branches of the AA including CT and SMA using 
CTA and 64-detector computed tomography scanner 
in 201 patients. The authors did not base on the Ad-
achi’s or Michels’ classification and observed 95.5% 
cases of the normal trifurcation. Other variations 
observed were hepatosplenic trunk (1.5%), coeli-
acomesenteric trunk (1.5%) and the gastrosplenic 
trunk (0.5%) [20]. Torres et al. [44] also analysed 
variations of the CT using multidetector computed 
tomography according to the Uflacker’s classification. 
In this study the most common trifurcation was ob-
served in 1455/1569 cases (92.7%), the other variants 
were: gastrosplenic trunk in 64/1569 cases (4.1%) and 
hepatosplenic trunk in 34 cases (2.2%). Coeliac-mes-
enteric trunk (8/1569; 0.5%), hepatogastric trunk 
(4/1569; 0.2%) were rarely observed. In 2 cases the 
absence of the CT was noted (0.1%). The hepatosple-
nomesenteric trunk and the coeliaco-colic trunk were 
not detected [44]. Kurcz et al. [22] presented results 
of the study on 240 patients. The most common 
patterns were: trifurcation (87.5%), hepatosplenic 
trunk (8.33%) and gastrosplenic trunk (3.33%). In  
1 case CT was absent (0.42%) and hepatogastric trunk 
was observed in 0.42%. We compared our results on 
cadavers with radiologic studies (Table 2). 

Due to high number of articles describing varia-
tions of the CT, there was a necessity to find appro-
priate results evaluated in one review. Santos et al. 
[39] and Whitley et al. [50] presented results of the 
previous studies about the CT and their findings were 
used to elaborate and compare our results with the 
other studies focused on the Polish population or the 
cadaveric studies.

Anson et al. [2] showed in cadaveric studies that 
almost 75% of cases had CT origin at the level of in-
ter-vertebral disc between T12 and L1. In our study, 
the site of origin was also found to be at the above-
mentioned level in most of the cases, which does not 
differ from the population norm. 

The most common additional branches of the CT 
are single or double inferior phrenic arteries, which 
were described in 40% of cases in the study by Loukas 
et al. [25]. In our study, additional vessels were found 
in 2.77% of cadavers. In one autopsy specimen, the 
inferior phrenic artery arising from LGA and greater 
pancreatic artery arising from SA were found. In CTA 
scans Srivastava et al. [42] revealed visceral trifurca-

Table 1. Comparison between our study and the other cadaveric  
studies according to the Adachi’s classification

Cadaveric 
study

I II III IV V VI Other

Our study 82.0% 16.0% 0.0% 0.0% 0.0% 0.0% 2.0%

Lipshutz [24] 73.5% 13.3% 0.0% 2.4% 0.0% 3.6% 7.2%

Adachi [1] 87.7% 6.4% 1.2% 2.4% 0.4% 2.0% 0.0%

Chen et al. [7] 89.8% 4.3% 0.7% 0.7% 1.5% 1.8% 1.0%

Marco-Clem-
ent et al. [26]

86.0% 14.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Olewnik et al. 
[31]

62.5% 10.0% 0.0% 0.0% 0.0% 0.0% 27.5%

Figure 6. Hepatosplenic trunk + left gastric artery rising separately 
from abdominal aorta; 1 — coeliac trunk; 2 — common hepatic 
artery; 3 — splenic artery; 4 — left gastric artery; 5 — proper 
hepatic artery; 6 — gastroduodenal artery; 7 — portal vein; 8 — 
common bile duct; 9 — right inferior phrenic artery; 10 — abdom-
inal aorta.
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tion in 28%, bifurcation in 8%, quadrifurcation in 
36%, pentafurcation in 20%, hexafurcation in 4%, 
while in 4% of cases visceral trunk was absent. 

Anatomical variations of the CT are secondary to 
the embryonic developmental changes in the ventral 
segmental arteries [43]. Primitive segmental branches 
arise from the dorsal aorta and form the CT and the 
SMA. These branches are connected to the ventral 
longitudinal anastomotic channel. Retention or dis-
appearance of parts of this primitive arterial plexus 
will give rise to variations of the CT and the SMA [14]. 

In studies carried out by Venieratos et al. [47] and 
Chen et al. [7] no differences were found between 
genders. However, the occurrence of different types 
of CT can be influenced by ethnicity [32]. Our study 
was carried out on the cadavers of Polish nationality 
presenting a trifurcated CT, either a common origin 
or with one of the three arteries arising first. This 
incidence is higher than those observed in Korean 
(10.9%), Caucasian (8.6%), Japanese (10.7%), Indian 
(30%) and Afro-American population (39%) [36].

Detailed knowledge of normal CT anatomy and 
its variations is very important during surgery such as 
pancreatoduodenectomy, liver transplant as well as 

hepatic artery infusion chemotherapy. Preoperative 
imaging can help better preparation and planning 
by the surgical team. However, all arterial variations 
may not be detected in preoperative imaging (only 
up to 60–80% of cases). If detected, it can help the 
surgeons to identify the artery and prevent its inju-
ry during surgery and post-operative complications 
like bleeding and ischaemia [14]. Currently, arterial 
variations can also be predicted by the intrauterine 
ultrasonography examination and observations of 
the foetus’ intestine position in the following stages 
of the foetal development [51]. Another modified 
ultrasonography examination — the three-dimension-
al contrast-enhanced ultrasonography — could be 
used in precisely non-invasive diagnosing the coeliac 
artery compression syndrome [49]. The pathologies 
of CT and SMA also could be detected by using new 
technique of the non-contrast magnetic resonance 
angiography [39]. 

Hepatic artery variations, such as anomalous right 
hepatic artery crossing posterior to the portal vein, 
are frequently seen (13%). These patients, when 
undergoing pancreatoduodenectomy, may require  
a change in the surgical approach to achieve an ad-

Table 2. Comparison between our cadaveric study and radiological studies in Polish population

Type of variation Present study
N = 50

Kornafel et al. [20]
N = 201

Torres et al. [44]
N = 1569

Kurcz et al. [22]
N = 240

Normal branching 83.33% 95.50% 92.70% 87.50%

Hepatosplenic trunk 16.67% 1.50% 2.20% 8.33%

Hepatosplenomesenteric trunk 0.0% 0.0% 0.0% 0.0%

Hepatogastric trunk 0.0% 0.0% 0.20% 0.42%

Gastrosplenic trunk 0.0% 0.50% 4.10% 3.33%

Coeliacomesenteric trunk 0.0% 1.50% 0.50% 0.0%

Absence of coeliac trunk 0.0% 0.0% 0.10% 0.42%

Other (for example coeliac-colic trunk) 0.0% 1.0% 0.0% 0.0%

N — number of patients

Table 3. Correlation between gender and variation of the  
coeliac trunk (n = 50)

Type of variation Male Female

Hepatogastrosplenic trunk 28 13

Hepatosplenic trunk 7 2

Hepatosplenomesenteric trunk 0 0

Coeliacomesenteric trunk 0 0

Hepatomesenteric trunk 0 0

Gastrosplenic trunk 0 0

Table 4. Level of origin coeliac trunk in different variations  
(n = 50)

Type of variation T12 (n) L1 (n)

Hepatogastrosplenic trunk 27 14

Hepatosplenic trunk 3 6

Hepatosplenomesenteric trunk 0 0

Coeliacomesenteric trunk 0 0

Hepatomesenteric trunk 0 0

Gastrosplenic trunk 0 0
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equate resection. Preoperative imaging can clearly 
identify such variations and help to achieve a safer 
pancreatic head dissection with proper surgical plan-
ning [3]. In transarterial chemoembolisation (TACE) or 
radioembolisation of hepatic cancers and metastases 
it is essential to analyse hepatic and extrahepatic per-
fusion in order to prevent iatrogenic postprocedural 
complications such as radiation induced ulcers in the 
stomach and duodenum or severe pancreatitis [4, 6, 
33]. The variations of the CT are also significant during 
TACE in therapy of the pancreas cancer (especially the 
variations of the CHA) [29]. Anatomical variations of 
the CT are also significant to know in planning the 
bariatric procedures such as LGA embolisation or the 
sleeve gastrectomy [19, 28].

CONCLUSIONS
Coeliac trunk variations are not uncommon find-

ings, with different anatomic variants being reported. 
The classical visceral trifurcation was found in Polish 
population with a comparable frequency, as described 
by Adachi [1]. Only a low percentage of cases with 
additional vessels were found. Thus, the importance 
of knowing the possible variations of this structure is 
emphasized, which may have implications for surgi-
cal interventions and imaging studies related to the 
abdominal region.
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Background: This study aimed to compare the isolated testes size, volume, weight 
and density changes with age and to establish the suitability of three formulas of 
testicular volume calculation for 18–50 and 51–70-year-old men groups. 
Materials and methods: Two hundred and six testes of 103 men (59 of 
18–50-year-old and 44 of 51–70-year-old men) were weighed and their size was 
measured by the sliding calliper. The accurate volume was determined by water 
displacement and compared with volume calculated using three formulas, and 
the density of testicular tissues was calculated. 
Results: The mean length and height of both testes and length and height of right 
and left testes decreased significantly with age. The mean width of both testes 
and width of right and left testes decreased with age insignificantly. The mean 
of water displacement volume and weight and volume and weight of right and 
left testes decreased with age significantly. The mean density of testicular tissues 
and the density of the right and left testes increased significantly with age. In the 
same age group, the size, water displacement volume and weight of right testes 
was insignificantly higher than that of the left ones, and the density of testicular 
tissues was similar in the right and left testes. 
Conclusions: The prolate spheroid formula was most suitable for calculation of 
testicular volume for 18–50-year-old men and prolate ellipsoid formula was most 
suitable for calculation of testicular volume in 51–70-year-old men. (Folia Morphol 
2021; 80, 1: 122–126)

Key words: density, men, size, testis, weight, volume 

INTRODUCTION 
Testicular function has a direct correlation with 

testicular volume. The seminiferous tubules and 
germinal elements comprise approximately 98% of 
testicular mass. Reduction in testicular size is mainly 
caused by reduction of these histological elements 
due to primary dysplasia or secondary damage and 
can therefore result in disturbed spermatogenesis 
[3, 14].

Mean size of testes had the significant correlation 
with total sperm count and sperm concentration, 

sperm motility, percentage of live sperm, sperm mor-
phology and serum follicle-stimulating hormone, lu-
teinizing hormone and testosterone levels. Therefore, 
the measuring of size of the testis can be helpful to 
assess rapidly andrological status during the initial 
physical examination [14].

Evaluation of morphological parameters of living 
men and male animals is complicated. Various meth-
ods can be used for the measurement of the testicular 
size for the living male patients in vivo. The size of 
testes can be evaluated using vernier calliper, ruler, 

https://orcid.org/0000-0003-0982-632X
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orchidometer and ultrasound [2, 3, 7, 10, 12, 15]. 
Using the evaluated parameters of testes size, testic-
ular volume can be calculated using various formulas 
such as prolate ellipsoid formula, the formula for  
a prolate spheroid or the empiric formula of Lambert. 
Results of these formulas can be very different and 
controversial [5]. However, the isolated testes’ water 
displacement, weighing and measurement are most 
rigorous methods for the evaluation of testicular 
volume, weight and size [4, 11, 13].

The aim of this work was to compare changes of 
the morphological parameters (size, volume, weight 
and density) of isolated testes with age and establish 
the suitability of three formulas of testicular vol-
ume calculation for 18–50 and 51–70-year-old men 
groups.

MATERIALS AND METHODS
This work was approved by the Kaunas Region 

Biomedical Research Ethics Committee (No. BE-2-1, 
07.04.2015 and No. P1-BE-2-2/2015, 08.07.2016). 

Pairs of testes from the men aged 18–70 year 
were obtained from Kaunas Division of State Foren-
sic Medicine Service after autopsy at least 24 hours 
“post mortem”. The left testes were marked using 
the cotton thread. The material was placed into 10% 
formaldehyde solution for 24 hours. Two hundred and 
six testes of 103 men were used for this investigation. 
Men were divided into two age groups: 18–50-year- 
-old (n = 59) and 51–70-year-old (n = 44). Only tes-
tes without visible morphological pathologies were 
selected as suitable for this investigation. The testes 
were rinsed in streaming tap water, dried with blot-
ting paper and the remnants of epididymis, adipose 
tissue and ligaments were removed. Then the testes 
were weighed using KERN 440-21N balance. The 
length, width and height of each testis were meas-
ured using the sliding calliper. The accurate volume 
was measured by water displacement of each testis. 
All obtained data were tabled in the Microsoft Excel 
2003 programme. Using this program, the volume 
of each testis was calculated using three formulas:  
(1) for a prolate ellipsoid: volume = length × width 
× height × 0.52; (2) for a prolate spheroid: volume  
= length × width2 × 0.52; and (3) the empiric for-
mula of Lambert: volume = length × width × height 
× 0.71 [4, 11, 13].

Also, the density of testicular tissues was calculat-
ed for each testis using the formula: density = weight/ 
/water displacement volume.

statistical analysis

The Statistica programme (Statistica Version 5, 
StatSoft Inc.) basic statistics was used for the cal-
culation of the mean and standard deviation (SD). 
T-test for independent samples was used for statistical 
comparison of age groups (p values). Data were ex-
pressed as mean ± standard deviation, and p < 0.05 
was taken as significant.

RESULTS 
A mean size of the testes differed with age. The 

mean length of testes decreased significantly from 
4.54 ± 0.42 cm in 18–50-year-old men to 4.17 ±  
± 0.49 cm in 51–70-year-old men and their mean 
height decreased from 2.6 ± 0.3 cm and 2.34 ± 0.38 cm  
respectively (p < 0.05). Only the mean width decreased 
non-significantly with age (from 2.96 ± 0.32 cm  
and 2.92 ± 0.34 cm). The size of the right and left 
testes of the 18–50-year-old group were higher than 
in 51–70-year-old men. The length and height of 
testes differed significantly (p < 0.05). Also, the 
size of right testes was insignificantly higher than 
that of left testes in the same age group men, but,  
in 51–70-year-old men group, the height was the 
same in the right and left testes (p > 0.05; Table 1). 

The mean water displacement volume of both 
testes was significantly higher in 18–50-year-old men 
(0.72 ± 4.54 mL) than in the 51–70-year-old group 
(16.88 ± 4.67 mL; p < 0.05). The volume of right 
and left testes was higher in 18–50-year-old men in 
comparison with the volume of testes in 51–70-year- 
-old men (p < 0.05). The volume of right testes was 
insignificantly higher than that of left testes in the 
same age group (p > 0.05; Fig. 1).

Comparing the water displacement volume with 
the results of the three testicular volume calculation 
formulas, contradictory results were obtained (Table 2). 
In 18–50-year-old men group, mean of both testes vol-
ume and volumes of right and left testes, which were 
calculated using prolate ellipsoid formula and empiric 
formula of Lambert, differed significantly from the 
water displacement volume (p < 0.05). Only results of 
prolate spheroid formula differed insignificantly from 
water displacement volume (p > 0.05). In 51–70-year- 
-old men group, the volumes calculated using prolate 
spheroid formula and empiric formula of Lambert, 
differed significantly from the water displacement 
volume (p < 0.05). Only results of prolate ellipsoid 
formula differed insignificantly from water displace-
ment volume in the testes of this age group men  
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(p > 0.05). The obtained data showed that the Empiric 
formula of Lambert was completely unsuitable for the 
calculation of testicular volume in both age groups 
(the difference between results of water displacement 
and Empiric formula of Lambert was 20.69–25.98%).

The mean weight of testes in 18–50-year-old men 
(21.53 ± 4.57 g) was significantly higher than in the 
51–70-year-old men (17.91 ± 5.01 mL; p < 0.05). The 
weight of 18–50-year-old men right (22.03 ± 4.63 g) 
and left (21.03 ± 4.5 g) testes was higher than the 
weight of 51–70-year-old men testes (21.03 ± 4.5 g  
and 17.26 ± 4.88 g, respectively, p < 0.05). The 
weight of right testes was higher than left testes in 
the same age men group (p > 0.05; Fig. 2).

Figure 1. The water displacement volume of the testes in 
18–70-year-old men (mean ± standard deviation).
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Table 1. The length, width and height of the testes in 18–70-year-old men (mean ± standard deviation)

Length [cm] Width [cm] Height [cm] P

Mean

18–50-year-old 4.54 ± 0.42 a1 2.96 ± 0.32 2.6 ± 0.3 a3 a1:a2, a3:a4; p < 0.05

51–70-year-old 4.17 ± 0.49 a2 2.92 ± 0.34 2.34 ± 0.38 a4

Right

18–50-year-old 4.57 ± 0.44 b1 2.98 ± 0.31 2.63 ± 0.34 b3 b1:b2, b3:b4; p < 0.05

51–70-year-old 4.2 ± 0.51 b2 2.94 ± 0.37 2.34 ± 0.37 b4

Left

18–50-year-old 4.5 ± 0.4 c1 2.93 ± 0.33 2.58 ± 0.25 c3 c1:c2, c3:c4; p < 0.05

51–70-year-old 4.15 ± 0.48 c2 2.9 ± 0.32 2.34 ± 0.41 c4

Table 2. The comparison of water displacement volume and volume calculated using three formulas in the 18-70-year-old men, mL (mean  
± standard deviation)

Water displacement Prolate ellipsoid Prolate spheroid Empiric formula 
of Lambert

P

Mean
18–50-year-old 20.72 ± 4.54 a1 18.36 ± 4.4 a2 21.0 ± 5.45 25.07 ± 6.0 a3 a1:a2, a1:a3; p < 0.05
Difference with mean of water 
displacement volume

– –2.36 (11.39%) 1.72 (8.3%) 4.35 (20.99%)

51–70-year-old 16.88 ± 4.67 b1 15.28 ± 4.89 19.06 ± 5.69 b2 20.87 ±  6.67 d3 b1:b2, b1:b3; p < 0.05
Difference with mean of water 
displacement volume

– –1.6 (9.48%) 2.18 (12.91%) 3.99 (23.64%)

Right
18–50-year-old 21.19 ± 4.63 c1 18.85 ± 4.69 c2 21.46 ± 5.5 25.74 ± 6.41 c3 c1:c2, c1:c3; p < 0.05
Difference with mean of water 
displacement volume

– –2.34 (11.04%) 0.27 (1.27%) 4.55 (21.47%)

51–70-year-old 17.43 ± 4.73 d1 15.51 ± 5.08 19.49 ± 6.18 d2 21.17 ± 6.93 d3 d1:d2, d1:d3; p < 0.05
Difference with mean of water 
displacement volume

– –1.92 (11.02%) 2.06 (11.82%) 3.74 (21.46%)

Left
18–50-year-old 20.25 ± 4.45 e1 17.87 ± 4.06 e2 20.54 ± 5.44 24.44 ± 5.55 e3 e1:e2, e1:e3; p < 0.05
Difference with mean of water 
displacement volume

– –2.38 (11.75%) 0.29 (1.43%) 4.19 (20.69%)

51–70-year-old 16.32 ± 4.58 f1 15.06 ± 4.74 18.63 ± 5.18 f2 20.56 ± 6.47 f3 f1:f2, f1:f3; p < 0.05
Difference with mean of water 
displacement volume

– –1.26 (7.72%) 2.31 (14.15%) 4.24 (25.98%)
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The mean density of testicular tissues was lower 
in 18–50-year-old men than in 51–70-year-old men  
(1.04 ± 0.02 g/mL and 1.06 ± 0.03 g/mL, respectively, 
p < 0.05). The tissue density of right (1.04 ± 0.03 g/mL)  
and left (1.04 ± 0.02 g/mL) testes was lower in 
18–50-year-old men in comparison with the density 
of testicular tissues in 51–70-year-old men  (1.06 ± 
± 0.03 g/L and 1.06 ± 0.03 g, respectively, p < 0.05). 
In the same age group, the tissue density of the right 
and left testes was identical (p > 0.05; Fig. 3).

DISCUSSION
The male fecundity begins to decline in the late 

thirties, or in the forties. This decline may be the con-
sequence of an associated decline in semen quality. 
Age-related decrease evidences in semen volume, 
total sperm count, motility and proportion of sperm 
with normal [1].

Kelvin et al. [8] measured the size of left and right 
testes of 18–64-year-old men and calculated their vol-

ume. They estimated that the volume of right testes 
was lower than that of the left testes in patients aged 
18–20 and 41–50 years. Also, the volume of right 
testes was higher in the patients of 51–64-year-old 
men group than in 18–50-year-old men. The volume 
of left testes was lower in the patients of 51–64-year- 
-old group than in 41–50-year-old men [8]. Results of 
our investigation showed that the water displacement 
volume of the right testes was insignificantly higher 
than that of the left testes in the both investigated 
age groups. Also, the volume of right and left testes 
was significantly higher in 18–50-year-old men in 
comparison with 51–70-year-old men. Our results 
coincident with the results reported by Kothari and 
Gupta [9] and Tijani et al. [16] indicating that the vol-
ume of fertile men testes doesn’t decline significantly 
with patient age. 

Hsieh et al. [4], Mbaeri et al. [11] and Sakamoto et 
al. [13] compared volumes of patients’ testes calcu-
lated using three formulas with water displacement 
volume. They estimated that the formula of Lambert is 
the optimal in clinical practice [4, 11, 13]. The results 
of our investigation contradict the proposition of 
these authors. Our obtained data show that the em-
piric formula of Lambert is completely unsuitable for 
the calculation of testicular volume. We ascertained 
that the prolate spheroid formula is most suitable 
for calculation of testes volume for 18–50-year-old 
men and prolate ellipsoid formula is most suitable for 
calculation of testes volume for 51–70-year-old men.

The density of testicular tissues varies with age. 
Johnson et al. [6] estimated that the testicular tu-
nic weight increased, and the parenchyma weight 
decreased with age. Kothari and Gupta [9] predicat-
ed that ageing leads to a thickening of the tunica 
propria, inter-tubular fibrosis and progressive hya-
linisation and atrophy of some tubules. The results 
of our investigation showed that mean density and 
density of testicular tissues of the left and right tes-
tes was significantly lower in 18–50-year-old men 
than in 51–70-year-old men. According to the data 
of the above-mentioned authors, the density of the 
tissues increases with age due to the proliferation of 
connective tissue and weight loss of parenchyma in 
the testes.

CONCLUSIONS
1. The mean size and the size of right and left tes-

tes decreased with age. The length and height 
decreased significantly. 
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Figure 2. The testicular weight in 18–70-year-old men (mean  
± standard deviation).
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Figure 3. The density of testicular tissues in 18–70-year-old men 
(mean ± standard deviation).
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2. The water displacement volume’s and weight’s 
mean and the volume and weight of right and 
left testes decreased with age significantly. 

3. The mean testicular tissues density and the den-
sity of the right and left testes increased signifi-
cantly with age.

4. The prolate spheroid formula was most suit-
able for calculation of testicular volume for 
18–50-year-old men and prolate ellipsoid formula 
was most suitable for calculation of testicular 
volume for 51–70-year-old men.
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Histomorphometric evaluation of tibial 
subchondral bone after moderate running  
in male and female Wistar rats
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Background: Exercise has been shown to be beneficial to the skeleton, in both 
humans and animals. This study was done to test the sex-related difference in 
the risk of osteoarthritis (OA) of the knee joint and also on the subchondral bone 
after moderate running exercise. 
Materials and methods: Forty male and female Wistar rats were randomly as-
signed to four equal groups (2 male and 2 female groups) in the same condition. 
Ten animals of each sex were selected as control groups, while running exercises 
were performed in remaining 20 male and female rats, using a motor treadmill to 
motivate rats to run daily distances of 1 km at 5 days/week within 6 weeks. On day 
43, all animals were sacrificed and the knee articular cartilage and also histomor-
phometric parameters of subchondral bone and mid shaft of tibia were evaluated. 
Results: Results showed mild OA in both male and female runner groups. Results 
in male runner rats were significantly lesser than that in female runners. On the 
other hand, the difference in female runner group showed significant changes in 
comparison with other groups in histomorphometric parameters in tibia. 
Conclusions: Obtained results showed that the development of knee OA and 
subchondral bone changes may be related to the sex differences. Although there was 
no synovitis in male runners, female runner group showed mild hyperaemia dropsy 
with a moderate synovitis in this region. (Folia Morphol 2021; 80, 1: 127–132)

Key words: histomorphometry, running, subchondral bone, tibia, rat

INTRODUCTION
According to human [7] and animal [12] studies, 

exercise and mechanical loading are beneficial to 
the skeleton. Despite the obvious effects of high 
mechanical loading on the skeleton, the capacity of 
skeleton to maintain the exercise-induced bone gain 
remains unknown [27].

Based on multiple studies with experimental mod-
els, increased mechanical loading or physical activity 
triggers bone formation and growth and has positive 
effects on the skeleton [9, 14, 29]. Studies show that 

running exercise increases cortical and cancellous 
tibial bone mass in aged female rats [2]. 

The articular cartilage health is dependent on the 
mechanical features of its subchondral bone. It has 
been shown that bone changes are associated with 
osteoarthritis (OA) [25]. The architecture of subchondral 
metaphyseal bone is not uniform. The organisation 
of trabecular sheets is in a way that they can transfer 
stress from the overlying layers of articular cartilage, 
subchondral plate, and calcified cartilage to metaphy-
seal cortices [15, 18]. 
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In this study, we aimed to evaluate the effects of 
moderate running exercise on the subchondral bone 
of tibia in the knee joint, histological assessment 
and grading of the synovial membrane changes and 
to conduct a histomorphometric assessment of the 
mid-shaft of tibia. 

MATERIALS AND METHODS
All procedures involving the experimental use of 

animals were approved by the Animal Ethics Com-
mittee, a branch of the Research Council of the Vet-
erinary School in Shahid Bahonar University, Kerman 
Province, Iran.

Forty adult male and female Wistar rats (9–10 
weeks of age) with no significant difference in their 
body weight (251.59 ± 12.31 g) were randomly di-
vided into four equal groups. All rats were allowed  
a 5-day adaptation period in a room with controlled con-
ditions (temperature 22–25°C and humidity 60–70%)  
before starting the experiment [28]. Ten animals of 
each sex were selected as male and female control 
groups while running exercises were performed in 
remaining 20 male and female rats for 6 weeks on  
a motor-driven rodent treadmill (Model T510, DRI Co., 
Taiyuan, Taiwan), speed of 20 m/min with inclination of 
18° for 60 minutes each day on 5 days of every week. 

During the exercise period, all animals were fed  
a standard diet (Javaneh Khorasan Co., Iran). 

On day 43, all control and runner rats were 
sacrificed by overdose injection of pentobarbital so-
dium (100 mg/100 g body weight, intraperitoneal 
injection). The body weight was recorded. Then whole 
of both knee joints were taken and fixed in 10% buff-
ered formaldehyde for 1 day and then was placed in 
a new solution of 10% buffered formaldehyde for  
10 days. Decalcification in 10% formic acid solution was  
followed by embedding of the complete knee joints in 
this solution for 50 days. 5 µm thickness serial sections 
of frontal whole left knee joint were prepared in order 
to obtain the thickest cartilage section from the lateral 
condyle of the tibia. Obtained thickest sections of each 
tibia were stained with haematoxylin-eosin method. 
Sections were evaluated using the Mankin’s scheme 
[19]. We only differed safranin-O staining with hae-
matoxylin-eosin method. The histological evaluation 
system for OA was classified into four categories: 
Mankin score of 0, no OA; Mankin scores of 1–5, 
mild OA; scores of 6–10, moderate OA; and scores of 
11–14, severe OA [24]. In order to histological grading 
of synovial layer changes, Krenn et al.’s method was 

used. Based on their results, 0 to 1 corresponds to no 
synovitis, 2 to 4 to a slight synovitis, 5 to 6 to a mod-
erate synovitis, and 7 to 9 to a strong synovitis [16]. 

Histomorphometric analyses were taken on sec-
tions using method described by Renner et al. [26]. 
Thickness from subchondral bone to articular surface 
was measured at the middle of lateral condyle. In 
each section, chondrocyte cells were counted within 
a 120,000 µm2 area including both calcified layer and 
articular surface [26].

All right knee joints were opened and examined 
for gross knee articular surface evaluation. 

On the other hand, the right tibia was dissected 
out. The tibia was cut into two equal parts. Thus, the 
proximal half of tibia was collected. The samples were 
proceeding similar to the left ones. Serial longitudinal 
sections were cut with a rotary microtome and mount-
ed on saline-coated slides glass after preparation of 
histological specimens. Before staining, the sections 
were deparaffinised in 100% xylene and rehydrated 
in graded ethanol [1]. The longitudinal sections of the 
proximal tibia, between medial and lateral intercon-
dyloid spines, and transverse sections of the mid shaft 
of tibia were cut at 5-µm thickness with a microtome. 

Histomorphometric measurements of the cancel-
lous bone of the proximal tibia and the cortical bone 
of the tibial shaft were examined using an Olympus 
light microscope and photomicrographs were taken 
by an attached eyepiece camera (Dino-eye, AM-7023, 
5Mp, Taiwan) on 40× and 100× magnification. Ten 
random fields were selected in each slide.

Histomorphometric parameters were described 
according to the American Society for Bone and Min-
eral Research nomenclature committee [30].

The histomorphometric parameters evaluated for 
cancellous bone were bone volume (BV; the percent-
age of occupied area by calcified bone in relation 
to the total area), ratio of BV to TV which included 
trabecular bone volume (BV/TV), trabecular num-
ber (TbN; number of trabeculae that a line through  
a trabecular compartment would hit per millimetre of 
its length), trabecular thickness (TbTh; the thickness of 
40 complete trabecular bone packet on straight, rod-
like trabecular structures in each section), osteoblast 
surface (ObS/BS; per cent of bone surface occupied by 
osteoblasts and osteoclast surface (OcS/BS; per cent 
of bone surface occupied by osteoclasts) [17, 30].

The histomorphometric parameters evaluated for 
tibial shaft were total tissue area (Tt Ar), marrow cavity 
area (Mc Ar) and cortical bone area (Cb Ar). These pa-
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rameters were chosen based on a previous study [1].  
The results were obtained by using an Olympus light 
microscope and an attached eyepiece digital lens 
(Dino-eye, AM-7023, 5Mp, Taiwan).

statistical analysis

Results were expressed as means ± standard er-
ror using the software SPSS 16 (version 16, Chicago, 
USA). Statistical analysis was carried out using an 
independent T-test and one-way ANOVA. Also the 
Tukey’s test was used for post hoc analysis with sig-
nificance set at p < 0.05.

RESULTS
weight

In the female exercise group, body weight de-
creased markedly, compared to the control group at 
the end of the intervention (Table 1). 

Bone histomorphometry and histopathology

Knee joint: Gross findings. The surface of the 
femoral cartilage was found to be smooth in both 

female and male control groups, whereas in four 
male runner rats, the articular surface was irregular 
after the sixth week. In the female exercise group, 
superficial cartilage irregularities were detected in 
the trochlea and femoral condyles. 

Histological finding

Our findings were indicative of mild OA in both 
female and male exercise groups. The results in male 
runner rats were less significant than those of female 
runners (Table 2). 

Based on the findings, the synovial layer was normal 
in both female and male control groups. Most male 
runner rats in the control group had a normal condition. 

There was no synovitis in male runners. However, 
the synovial joint seemed almost coarse and thick 
in the female runner group, with mild hyperaemia 
dropsy. There was also a moderate synovitis in this 
group (Table 2).

In the female exercise group, OcS/BS% was found 
to be significantly lower than that of the female con-
trol group (Table 3).

Table 1. The changes (mean ± standard error) of weight (g) at 
the first day and end day of the exercise period

Groups First day  
of exercise

End day  
of exercise

Control Male 254.14 ± 18.54 256.2 ± 16.82

Female 248.32 ± 12.32 254.14 ± 14.81

Runner Male 253.32 ± 21.08 241.37 ± 17.03

Female 249.23 ± 16.01a 230.08 ± 17.01b

a, bIn the same row with no common superscript show significant difference (p < 0.05).

Table 3. Bone histomorphometry (mean ± standard error) of cancellous and cortical parts of tibia

Male Female

Control Runner Control Runner

Cancellous part

TbN 6.75 ± 0.75a 10.43 ± 0.75b 7.25 ± 0.63a 19.25 ± 0.75c

TbTh [µm] 43.32 ± 5.47a, b 46.54 ± 4.7a, b 39.41 ± 4.01a 54.93 ± 4.86b

BV/TV [%] 58.32 ± 5.71a 60.3 ± 5.32a 55.43 ± 4.91a 72.83 ± 6.32b

OcS/BS [%] 8.42 ± 0.6a 8.12 ± 0.52a, b 8.51 ± 0.61a 7.82 ± 0.42b

ObS/BS [%] 53.41 ± 5.12a 56.02 ± 4.01a, b 51.07 ± 4.92a 62.41 ± 3.12b

Cortical part

Tt Ar [mm2] 541.48 ± 27.32a, b 558.92 ± 31.27a, b 524.61 ± 19.27a 561.58 ± 23.97b

Mc Ar [mm2] 172.11 ± 10.27a, c 161.92 ± 9.81a 180.01 ± 14.31bc 161.14 ± 9.97a

Cb Ar [mm2] 328.31 ± 24.03a, b 333.12 ± 19.81a, b 312.42 ± 16.81a 348.91 ± 23.14b

The abbreviations are mentioned in material and methods. a,b,c In the same row with no common superscript show significant difference (p < 0.05).

Table 2. Mankin’s histopathology and synovial gradings (mean 
± standard error) of distal extremity of lateral condyle of tibia

Male Female

Control Runner Control Runner

Mankin* 0a 1.02 ± 0.38a 0a 5.12 ± 0.89b

Synovial layer** 0a 0.8 ± 0.36a 0a 5.21 ± 0.32b

a, bIn the same row with no common superscript show significant difference (p < 0.05), 
*0: No osteoarthritis; 1–5: Mild osteoarthritis; 6–10: Moderate osteoarthritis; 11–14: 
Severe osteoarthritis, **0 to 1 corresponds to no synovitis, 2 to 4 to a slight synovitis,  
5 to 6 to a moderate synovitis, and 7 to 9 to a strong synovitis.
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In the female runner group, ObS/BS% showed  
a significant increase compared to the female controls 
(Table 3). 

The trabecular number (TbN) increased significant-
ly in both female and male exercise groups, compared 
to the controls. On the other hand, the trabecular 
thickness (Tt Ar) difference between female runner 
and control rats was significant (Table 3).

The BV/TV ratio was higher in male and female ex-
ercise groups, compared to the corresponding control 
groups. The difference between female runner rats 
was significant (Table 3).

A greater total tissue area (Tt Ar) and a smaller 
marrow cavity area (Mc Ar) were found in both exer-
cise groups, compared to the controls. The difference 
between the control and runner female groups was 
significant (Table 3). On the other hand, the cortical 
bone area (Cb Ar) was significantly greater in the 
female exercise group in comparison with the corre-
sponding control group (Table 3).

DISCUSSION 
In the present study, moderate-intensity running 

was found to damage the articular cartilage; there-
fore, it is considered a strenuous exercise, especially 
for females. Based on our findings, in moderate-in-
tensity exercise, women experience more cartilage 
changes, compared to men with a similar body 
weight. According to previous research, the cartilage 
volume of normal men is 33% to 42% larger than 
that of normal women, as indicated in radiographic 
analyses [3]. 

Moreover, Jones et al. [13] showed that the knee 
cartilage of men is significantly more than that of 
females. It was concluded that sex differences in car-
tilage development could explain the variations in OA 
of the knee in later stages of life. In addition, Faber et 
al. [6] reported that after adjustments for height and 
body weight, gender differences did not influence 
cartilage volume. Nevertheless, it was reported that 
body and bone size had significant effects on this 
difference, suggesting a direct relationship between 
cartilage volume and bone size [5, 13]. 

Evidence suggests the thicker cartilage of men, 
compared to women [22]. In contrast, no gender-re-
lated effects have been reported after adjustments 
for body weight and tibial head diameter [4]. Some 
significant changes were detected in rats with match-
ing age and body weight; therefore, other parameters 
might explain gender differences 

Previous studies show that running exercise de-
creases fat mass [7, 20]. Our obtained weight results 
were similar to this study.

The main bone function is to bear gravity-induced 
mechanical forces and muscle contraction and to fa-
cilitate efficient body locomotion [23]. In a study by 
Iwamoto et al. [11], to preserve the positive effects of 
exercise (for 8 weeks), continuous exercise was found 
to be necessary. To explain the mechanism through 
which exercise leads to increased bone mass on histo-
morphometry, Yeh et al. [31] showed that suppressed 
bone resorption and improved bone formation might 
be responsible for the positive effects of exercise on 
the cancellous bones of tibia in aged female rats. 
Moreover, Chen et al. [2] showed that exercise leads to 
cortical bone mass accumulation in the tibia of aged 
female rats. Our data demonstrated that moderate 
running exercise resulted in significant increases in 
both cancellous and cortical bone mass (BV/TV and Ct 
Ar, respectively) in a weight-bearing long bone, the 
tibia, in the female rats. The results of OcS/BS and 
ObS/BS percentage in female rats indicated that the 
response of cancellous bone to exercise differs accord-
ing to the magnitude of mechanical loading to the 
bone. There is a threshold in mechanical loading to 
the bones when cancellous bone mass increases, with 
bone formation exceeding bone resorption (Table 3). 
These findings are consistent with the researchers’ 
hypothesis [10, 11]. 

Joint tissues can sustain minimal damage with-
out progressive change. It is known that cumulative 
micro-damage can lead to bone remodelling, stiffen-
ing, and cartilage lesion progression. Peak dynamic 
forces applied at a high rate cause subchondral bone 
remodelling and stiffening [8]. In this study, cortical 
and cancellous bone areas increased significantly 
in the tibia due to exercise. It should be noted that 
exercise duration and intensity were probably ideal 
for increasing cancellous bone mass in our study. Our 
results also demonstrated that the effect of exercise 
in females was more significant than males. 

In a previous study, it was reported that moderate 
running exercise significantly increased cortical and 
cancellous bone mass in tibia [11]; our findings are 
in consistence with this study. This finding might be 
attributed to the position of tibia and mechanical 
loading on the tibia during treadmill running [11, 21]. 
Moreover, Chang et al. [1] showed that the cancellous 
bone response to exercise changes relative to the 
bone mechanical loading. This finding is consistent  
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with a previous study, which indicated the positive 
site-specific effect of treadmill exercise on bone 
mineral density, with predominant weight-bearing  
sites [11].

CONCLUSIONS
Our results showed the moderate exercises are 

more harmful in females than males. Also subchon-
dral bone changes in females may be more visible 
than in males. 
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Background: Synovial cysts are currently classified as degenerative lesions affecting 
the joint capsule or adjacent structures. 
Materials and methods: In our study we describe the results obtained in an im-
munohistochemical study comprising 18 patients with synovial cysts, performed 
to evaluate the pathophysiological role of some inflammatory cytokines such as: 
interleukin (IL)-1β, IL-6 and tumour necrosis factor-alpha (TNF-α). 
Results: Results showed an over-expression of TNF-α, IL-1β and IL-6 which ap-
pears to be involved in the onset and progression of the disease. At the present 
time it is not possible to affirm that these molecules play a direct role also due 
to the absence of further and more specific investigations. The authors therefore 
hypothesize that inhibition of inflammation may have a significant role in the 
pathogenesis and regression of synovial cysts.
Conclusions: Hence, these inflammatory cytokines may be considered potential 
therapeutic targets. The development of synthetic inhibitors of these inflammatory 
factors could lead to a reduction in the intensity of inflammation, thus inhibiting 
the onset and development of the disease. (Folia Morphol 2021; 80, 1: 133–139)

Key words: interleukins 1beta and 6, immunohistochemistry, synovial 
cysts, tumour necrosis factor-alpha

INTRODUCTION 
Synovial cysts (also known as “ganglion”, “synovi-

al ganglion”, “arthrogenic cysts”) are benign neo-for-
mations of the soft tissues which generally originate 
from the joint capsule or tendon sheath and contain 
fluid gelatinous material, usually appearing on the 
back of the wrist. Sometimes these cysts may involve 
neural structures, as in cases of peroneal nerve [1] or 
lumbar roots [11] involvement.

Arthrogenic cysts are cysts that occur at the level 
of the joint capsule. The most frequent location is at 

the wrist. Since the joints are completely wrapped in 
a fibrous tissue (capsule) that favours the movements’ 
fluidity, a thinner capsular wall is responsible for  
a possible traumatic damage and so the cyst may 
develop in the joint. A herniation of the capsule occurs 
and it tends to move towards the superficial tissues and  
to form a revolving structure that we call cysts [4, 5].

The mechanism that gives rise to these cysts is still 
not clear. Synovial cysts are mostly found in young 
athletes or workers who use the wrist and hand joints 
a lot. In many cases synovial cysts are the result of joint 
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inflammation, arthrosis or previous trauma. However, 
the exact role of inflammation in this process has not 
yet been studied in detail. The synovial fluid contains 
inflammatory factors such as cytokines, prostaglan-
dins and proteases. Previous studies have shown that 
angiogenic factors are released during the formation 
of the synovial cysts, suggesting a possible correlation 
between the proliferation of new vessels in synovial 
structures and the chronic inflammatory process that 
induces the progression of synovial cysts [10, 11, 13]. 
However, to date, no previous studies have analysed 
the modulation of the inflammatory process in the 
regression of synovial cysts. It has been shown that in 
the spinal joint tissue the induction of type 2 cyclooxy-
genases (COX-2) and phospholipase A2 stimulates the 
biosynthesis of different inflammatory mediators from 
synovial chondrocytes (chondrocytes from synovial 
joints), such as prostaglandin E2, interleukins (IL-1, 
IL-6, IL-8) and granulocyte-macrophage colony–stim-
ulating factor (GM-CSF) [2]. COX-2 inhibitors have 
been shown to reduce synovitis, leukocyte infiltration 
and synovial hyperplasia in animal models, reducing 
the expression of IL-1β, IL-6 and tumour necrosis fac-
tor-alpha (TNF-α) [7, 8]. Our study is based on previous 
experimental data that support the role played by 
inflammatory cytokines and growth factors in the de-
velopment of arthrogenic synovial cysts. In the light of 
the data reported in the literature we hypothesize that 
inhibition of inflammation may play a significant role 
in the destiny and/or regression of arthrogenic synovial 
cysts. The aim of the present study was to evaluate 
the pathophysiological role of some inflammatory cy-
tokines, such as IL-1β, IL-6 and TNF-α, in tissue samples 
of synovial cysts or tenosynovitis, obtained by surgical 
removal near a wrist joint. The main purpose of this 
was to evaluate the expression levels and localisation 
of inflammatory cytokines by immunohistochemical 
analysis to identify their involvement in the patholo-
gy and to evaluate the possible modulation of these 
factors as a potential therapeutic target.

MATERIALS AND METHODS
Clinical evaluation

Written informed consent concerning the dona-
tion of human tissues was provided by patients prior 
to tissue acquisition, following the protocol for the 
acquisition of human tissues of the Ethical Committee 
of our University Hospitals which approved the study 
protocol. All specimens were acquired according to 
the principles of the Helsinki Declaration. 

Eighteen patients were included in the study, aged 
between 11 and 56 years (11 males and 7 females), 
undergoing surgical treatment for the removal of 
wrist synovial cysts, in the Orthopaedic Unit of the 
S. Andrea Hospital in Rome. Control samples (two 
specimens for each tissue fragment), characterised 
by normal palmar fascia tissues, were collected from 
patients undergoing hand surgery for carpal tunnel 
syndrome. 

Patients with concomitant neoplastic, infectious, 
autoimmune diseases, peripheral vascular disorders 
or who had received anti-inflammatory therapy in 
the 6 months prior to the operation were excluded.

During excision, apart from anaesthesia, no other 
chemical products or pharmaceutical drugs were 
administered to the patients. Samples were fixed in 
formalin and embedded in paraffin to be processed 
for histological staining and immunohistochemistry. 
The sections were subjected to haematoxylin and 
eosin and Masson’s trichromic staining.

Immunohistochemistry

The immunohistochemical analysis was conduct-
ed using the ABC/HRP technique (avidin complexed 
with biotinylated peroxidase) on 4 µm thick paraffin 
sections which were cut using a rotative microtome. 
These sections were deparaffinized and hydrated 
through decreasing ethanol series to distilled wa-
ter, then subjected to microwave irradiation and im-
mersed in citrate buffer (pH = 6) twice for 5 min each 
time. Subsequently, endogenous peroxidase activity 
was quenched using 0.3% hydrogenous peroxide in 
methanol for 30 min. To evaluate the immunolocal-
ization of IL-1β, TNF-α and IL-6, the following anti-
bodies were employed: i) rabbit anti-IL-1β polyclonal 
antibody (1:50, Santa Cruz Biotechnology, Santa Cruz, 
CA, USA); ii) mouse anti-TNF-α monoclonal antibody 
(1:100, Santa Cruz Biotechnology, Santa Cruz, CA, 
USA); iii) rabbit anti-IL-6 polyclonal antibody (1:200; 
Santa Cruz Biotechnology, Santa Cruz, CA, USA). In-
cubation with the primary antibodies was performed 
overnight at 4oC. Optimal antibody dilution and in-
cubation times were assessed in preliminary exper-
iments. As negative control, the primary antibodies 
were omitted. After exposure to the primary antibod-
ies all slides were rinsed twice in phosphate buffer  
(pH = 7.4) and incubated for 1 hour with the appro-
priate secondary biotinylated antibody at the final 
dilution of 1:200. The secondary biotinylated antibod-
ies against rabbit and mouse immunoglobulins were 
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the immunohistochemical technique. Immunohisto-
chemical experiments have made it possible to visu-
alise the distribution and localization of the cytokines 
analysed in the tissue samples obtained by surgical 
removal from patients with arthrogenic synovial cysts 
(Table 1). Through haematoxylin/eosin staining it was 
possible to detect, in the pathological tissues, the 
myo-fibroblastic proliferation site (Fig. A1–A3), not 
present in the control tissue (Fig. A4). In the patho-
logical tissue (Fig. A1–A3) a thickening of fibroblasts 
and myo-fibroblasts was visible with areas of com-
plete cellular overlapping. This tissue morphology 
is not present in normal tissue (Fig. A4), in which 
only connective tissue with dispersed fibroblasts and 
small blood vessels can be observed. Figures B1–B3 
describe the immunohistochemical expression of  

Table 1. Expression levels of interleukin-1beta (IL-1β), interle-
ukin-6 (IL-6), tumour necrosis factor-alpha (TNF-α) in synovial 
cysts and control specimens, and respective levels of statisti-
cal significance (t-test)

Synovial cysts (%); 
n = 15

Control specimens (%); 
n = 15

P-value

IL-1β 65.27 ± 12.91 12.61 ± 5.51 < 0.00001

IL-6 60.46 ± 10.70 11.66 ± 4.96 < 0.00001

TNF-α 61.80 ± 10.22 13.13 ± 5.81 < 0.00001

The results were considered as statistically significant when p-value < 0.05.

Figure A. Photomicrograph  
of histological preparations  
obtained by the haematoxylin/ 
/eosin staining method;  
A1–A3. Proliferation myofi-
broblast nodules (asterisks) 
obtained by surgical removal 
from a patient with synovial 
cyst (10×); A4. Normal  
palmar band consisting  
exclusively of connective tissue  
with fibroblasts and blood  
vessels (10×).

purchased from Abcam (biotinylated goat anti-mouse 
antibody and biotinylated goat anti-rabbit antibody). 
The slides were then incubated with peroxidase-con-
jugated avidin (Vector Laboratories, Burlingame, CA, 
USA, Vectastain Elite ABC kit Standard*PK 6-100) 
for 30 min. Slides were washed in phosphate buffer  
(pH = 7.4) and treated with 0.05% 3,3-diaminobenzi-
dine (DAB) and 0.1% H2O2. Finally, sections were coun-
terstained with Mayer’s haematoxylin and dehydrated 
rapidly. The staining assessment was made by three 
experts. The intensity of the immune reaction was 
assessed microdensitometrically using an IAS 2000 
image analyser (Delta Sistemi, Rome, Italy) connected 
via a TV camera to the microscope. Twelve 100 µm2 
areas were delineated in each section by measuring 
the diaphragm. The system was calibrated taking the 
background obtained in sections exposed to non-im-
mune serum as zero.

statistical analysis

Statistical analysis was performed with the Stu-
dent’s t-test, using the GraphPad Prism (La Jolla, 
CA). A p-value < 0.05 was considered for statistical 
significance.

RESULTS
The histopathological alterations caused by hu-

man arthrogenic synovial cysts were evaluated using 
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IL-1β in pathological samples, demonstrating positive 
reactions in the cytoplasm of myo-fibroblastic cells 
and in the extracellular matrix. IL-1β is complete-
ly absent in the extracellular matrix of the palmar 
control fascia specimens (Fig. B4). Moreover, this 
pro-inflammatory cytokine is highly expressed at the 

level of the capillary endothelium, near the synovial 
cysts. IL-6 is appreciable in extracellular matrix, both 
in proliferating myo-fibroblasts and in fibroblasts at 
the level of proliferative nodules in patients affected 
by arthrogenic synovial cysts (Fig. C1). In the normal 
tissue of palmar fascia IL-6 appears to be completely 

Figure C. Photomicrographs 
of the immunohistochemical 
reaction for the cytokine 
interleukin-6 (IL-6); C1–C3. 
Pathological tissue in which 
IL-6 is expressed at the level of 
proliferative nodules (asterisks: 
C1, C2, C3, 20×); C4. Control 
tissue (10×).

Figure B. Photomicrographs  
of the immunohistochemical 
reaction for the inflammatory  
cytokine interleukin-1beta (IL-1β);  
B1–B3. Pathological tissue in 
which IL-1β is present in the 
extracellular matrix and in the 
cytoplasm of fibroblasts and 
myofibroblasts and in the en-
dothelium of capillaries (B1, B2, 
20×; B3, 40×). Myofibroblasts 
nodules (asterisks); B4. Control 
tissue (20×).
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absent at the level of the loose connective tissue, 
but moderately present in the endothelial cells of the 
blood vessels and in the fibroblasts scattered in the 
connective tissue (Fig. C2). Unlike the other cytokines, 
IL-6 shows an appreciable localisation in normal fi-
broblasts (Fig. C1) and a more evident cytoplasmic 
localisation in the pathological ones (Fig. C2). This 
cytokine appears to be involved in the inflammatory 
process that leads to the activation of the fibrotic 
process. Therefore, IL-6 appears to be synthesized 
in response to transforming growth factor-beta1 
(TGF-β1) and acts by enhancing the proliferation and 
differentiation of fibroblasts into myo-fibroblasts with 
deposition of amorphous substance in association 
with TGF-β1. TNF-α is expressed in the extracellular 
matrix of the myo-fibroblastic tissue at the prolifer-
ation site observed in patients with synovial cysts 
(Fig. D1). TNF-α is present in pathological myo-fi-
broblasts and in capillary endothelial cells (Fig. D1). 
In the loose connective tissue of the normal palmar 
fascia this inflammatory factor is however moder-
ately positive in the cytoplasm of fibroblastic cells 
and in the extracellular matrix (Fig. D2). This growth 
factor is also strongly expressed in the cytoplasm of 
secreting sweat glands (Fig. D2) in the dermis near 
the pathological proliferative nodules.

DISCUSSION
Arthrogenic synovial cysts are benignly progress-

ing fibro-proliferative disorders which often lead to 
severe functional damage. The lack of knowledge 
related to the aetiopathogenesis of the disease has 
meant that a specific therapy is not currently avail-
able until now. Therefore, it is difficult to prevent 
its onset or to avoid its recurrence after surgical ex-
cision. The absence of valid therapeutic targets has 
led to the development of empirical therapies, such 
as local injection of steroids [9]. Inflammation plays 
a fundamental role in the onset of fibrosis and this 
finding is confirmed by the presence of proinflam-
matory cytokines [17]. In physiological conditions 
of wound healing or tissue repair activation of the 
fibrotic process occurs. During this process fibro-
blastic cells may differentiate into myo-fibroblasts, 
because their contractile activity is essential for tissue 
remodelling. The formation of myo-fibroblasts, con-
trolled by a variety of growth factors and numerous 
mechanical stimuli, leads to an excessive deposition 
of extracellular matrix. Their action ends when the 
tissue is completely repaired or reabsorbed. In some 
pathological conditions the contractile activity of 
myo-fibroblasts persists and leads to tissue defor-
mation [16]. IL-1β, an important pro-inflammatory 

Figure D. Microphotographs 
of the immunohistochemical 
reaction for the proinflamma-
tory cytokine tumour necrosis 
factor-alpha (TNF-α) expressed 
in pathological myofibroblasts 
and in capillary endothelial cells 
(D1, D2, D3, 20×). Myofibro-
blasts nodules (asterisks);  
D4. Control tissue (20×).
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cytokine, is involved in “in vitro” fibroblastic prolifer-
ation through the induction of the expression of tran-
scriptional factors such as c-fos, c-jun and c-myc [6].  
The excessive expression of IL-1β alone could be re-
sponsible for the local fibroblastic proliferation seen 
in the active phase of the disease. IL-1β seems to 
have an important function in the activation and 
feeding of the inflammatory process, inducing the 
synthesis of other cytokines such as IL-6 and IL-2, 
interferons or chemokines, which are able to attract 
macrophages and granulocytes towards the site of 
inflammation. It seems probable that the mitogen-
ic effect of IL-1β is enhanced by the co-expression 
of other factors such as TGF-β and platelet-derived 
growth factor alpha and beta. The combined expres-
sion of these growth factors are probably responsible 
for fibroblastic proliferation and excessive deposition 
of an amorphous substance and accumulation of 
synovial fluid, a condition typical of the disease. In 
our experiments we also evaluated the level of IL-6 
expression. This cytokine is directly involved in the 
activation of the initial inflammatory process which 
subsequently leads to fibrosis. The pro-inflammatory 
cytokine IL-6 plays an important role in the regulation 
of inflammation and acts in association with TGF-β1, 
thus leading to an increased pro-fibrotic response 
[3, 14]. IL-6 acts by enhancing the TGF-β1 signal by 
increasing endocytosis mediated by non-lipid endo-
somes. This consequence is due to internalisation of 
the TGF-β1 receptors as a result of binding of their 
ligand through endocytosis mediated by caveolin 
lipid vesicles and by non-lipid vesicles, although the 
TGF-β1 signal increases when the receptor endocyto-
sis is mediated by non-lipidic vesicles. Therefore, IL-6 
and TGF-β1 act synergistically, causing an increase 
in the expression of proinflammatory cytokines that 
appear to be the primary cause of the onset of the 
disease. Verjee et al. [15] reported that TNF-α at low 
concentrations induce myo-fibroblastic contraction, 
while at high levels it induces reduction or complete 
inhibition of myo-fibroblastic contraction. It seems 
that the action of TNF-α depends strictly on the TNFR 
receptor type: TNFR2 causes fibroblastic proliferation, 
while TNFR1 activates programmed cell death. TNF-α 
could be considered a possible therapeutic target for 
the treatment of the disease in the primary stages or 
in preventing relapses following surgical removal. In 
our experimental study we found that TNF-α showed  
a greater localisation in pathological fibroblasts. 
Therefore, this factor appears to be directly involved in 

the fibrotic reaction and its action depends exclusively 
on its TNFR2 receptor, which is strongly expressed in 
pathological conditions. Based upon our preliminary 
results, local injections of anti-TNF-α drugs could be 
useful in preventing the progression of the disease 
or avoiding its recurrence after surgical treatment. 
During the involutive phase a high ratio of collagen III  
on collagen I was detected, differently from the nor-
mal physiological condition [12]. 

CONCLUSIONS
These experimental results suggest, therefore,  

a possible application of these pro-inflammatory fac-
tors in identifying the degree of disease progression 
and in the use of some of these markers as prognostic 
factors in the follow-up of patients undergoing sur-
gical resection of synovial cysts. Innovative therapies 
could be characterised by the combined use of specific 
inhibitors of the factors TNF-α, IL-1β and IL-6 and their 
receptors in order to inhibit the progression of the 
disease through inactivation of the fibrotic process.
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Background: Cypermethrin (CYP), a pyrethroid that is globally used in the field and 
house to fight the pests. CYP can induce cellular toxicity and cross the placental 
barrier. N-acetylcysteine (NAC) can fight the prenatal exposure to the inflammation. 
This work aimed to study, for the first time, the effects of NAC on the sensory 
retina of male albino rats exposed prenatally to cypermethrin. 
Materials and methods: Twenty-four sexually mature female albino rats and  
12 male albino rats were allowed for mating and divided equally into the following 
groups: group I (control group): kept without treatment; group II (NAC group): 
received 1 g/kg/day NAC diluted in distilled water orally by gastric tube from the  
7th day of gestation till delivery; group III (CYP group): received 12 mg/kg/day of 
cypermethrin orally by gastric tube from the 7th day of gestation till delivery; group IV  
(CYP and NAC group): received 12 mg/kg/day of cypermethrin and 1 g/kg/day 
of NAC. The ten male offspring of each group were divided into subgroups  
a and b that were sacrificed at the age of 7th and 14th days postnatal, respectively. 
At the end of the experiment, the eye samples were subjected to histological, 
immunohistochemical and morphometric studies. 
Results: Concerning the different previous studies, the sensory retina of CYP 
subgroups showed vacuolation of the inner and outer plexiform layers, dilated 
congested blood vessels, hyalinisation and disorganisation of the photoreceptor 
layer. Also, the expression of collagen IV and caspase 3 (a marker of apoptosis) 
was up-regulated in the CYP subgroups. 
Conclusions: N-acetylcysteine significantly protected the sensory retina from the 
damaging effects of CYP. NAC could be considered as a good protective agent 
against the damaging effect of CYP on the sensory retina. (Folia Morphol 2021; 
80, 1: 140–148)

Key words: cypermethrin N-acetylcysteine rat sensory retina

INTRODUCTION
Pyrethrins are organic compounds, naturally de-

rived from Chrysanthemum cinerariifolium flowers 
[18]. They have a potent insecticidal activity as their 
synthetic analogues which are called pyrethroids [19]. 

Cypermethrin (CYP), a pyrethroid that is globally used 
in the field and house to fight pests [13]. It is capa-
ble to disturb the cellular structure and function of 
pests [1]. CYP induced cellular toxicity may be due to 
reactive oxygen species (ROS) that cause destruction 
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of the cellular proteins, lipids and DNA [8]. CYP can 
cross the placental barrier causing toxic effects on the 
development of albino rats causing several congenital 
malformations and foetal death [10]. Cysteine is the 
basic amino acid for the synthesis of glutathione 
which combats the oxidative stress and the result-
ant free radicles by its antioxidant activity [11]. This 
activity is classified as enzymatic one through the 
promotion of glutathione peroxidase and reductase 
enzymes [14]. Besides this, N-acetylcysteine (NAC) 
has anti-inflammatory properties through inhibition 
of the cyclooxygenase enzyme together with its prod-
ucts as prostaglandins [6]. And so, NAC can fight the 
prenatal exposure to the inflammation preventing the 
occurrence of behavioural and memory alterations on 
the offspring [16]. This allows us to study the role of 
NAC on the retina of prenatally exposed rats to CYP. 

MATERIALS AND METHODS
Materials

Cypermethrin. A trade name to an oily solution 
containing 250 g/L of the active ingredient CYP, it 
was diluted with distilled water to concentration 
levels convenient to be used throughout the whole 
experiment, in which 1 mL of diluted working solution 
contained 12 mg of CYP. 

N-acetylcysteine. A pharmacological preparation 
(Acetylcistein 600 mg, Effervescent Instant Granules, 
SEDICO Pharmaceutical Co., 6 October City-Egypt) 
was diluted with tap water and given to the rats  
orally. 

animals

Twenty-four sexually mature female albino rats 
and 12 male albino rats, weighing between 200 and 
250 g were allowed for laboratory rat chow diet and 
water ad-libitum. 

Every 2 female rats were housed overnight with 
a sexually mature male albino rat for mating; every 
morning, vaginal smears were taken and microscop-
ically examined for the presence of sperms. The de-
tection of sperms in the smears was considered as 
the 1st day of gestation. All experimental procedures 
were performed with the approval of the Research 
Ethics Committee, Faculty of Medicine, Menoufia 
University, Egypt.

Experimental design

The pregnant mothers were divided equally into 
the following groups:

 — Group I (control group): the pregnant rats were fed 
ad libitum and allowed free water supply from the 
7th day of gestation. Ten male offspring were divid-
ed into subgroup Ia and Ib that were sacrificed at 
the age of 7th and 14th days postnatal, respectively;

 — Group II (NAC group): the pregnant rats received  
1 g/kg/day of NAC [3] diluted in distilled water 
orally by gastric tube from the 7th day of gestation 
till delivery. Ten male offspring were divided into 
subgroup IIa and IIb that were sacrificed at the 
age of 7th and 14th days postnatal, respectively;

 — Group III (CYP group): the pregnant rats received 
12 mg/kg/day of CYP [7] orally by gastric tube 
from the 7th day of gestation till delivery. Ten male 
offspring were divided into subgroup IIIa, and IIIb 
that were sacrificed at the age of 7th and 14th days 
postnatal, respectively;

 — Group IV (CYP and NAC group): the pregnant rats 
received 12 mg/kg/day of CYP and 1 g/kg/day of 
NAC diluted in distilled water orally by gastric tube 
from the 7th day of gestation till delivery. Ten male 
offspring were divided into subgroup IVa and IVb 
that were sacrificed at the age of 7th and 14th days 
postnatal, respectively.
At the end of each detected period, the eye sam-

ples were removed from each animal. The eye samples 
were fixed in 10% formol saline and processed to 
prepare 5 µm-thick paraffin sections for use in the 
following histological techniques: 

Histological study

Haematoxylin and eosin stain and toluidine blue 
stain.

Immunohistochemical study

For detection of the immunoreactivity of collagen IV  
and caspase 3, the sections were deparaffinised,  
rehydrated, and after antigen retrieval with 10 mmol/L  
citrate acid solution (pH 6), the specimens were pre-
incubated with goat serum for 5 min and were then 
incubated overnight at 4°C with anti-collagen IV (Ab-
cam, 6586) and anti caspase 3 (Abcam, 2302) (Work-
ing dilution 1:500). The binding was detected using 
biotinylated secondary antibody (goat anti-mouse 
IgG; Sigma Aldrich) for 10 min. The specimens were 
then incubated with streptavidin-peroxidase complex 
for 5 min, followed by incubation with 3,3-diamin-
obenzidinetetrahydrochloride (DAB; Sigma Aldrich) 
for 3 min. Slides were counterstained with haema-
toxylin and mounted.
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Morphometric study

Data were obtained from five different sections 
from each rat of all subgroups and examined using 
image J analyser software, version 1.47 v to deter-
mine:  

 — the colour intensity in toluidine blue-stained sec-
tions;

 — area per cent in collagen IV immune-stained sec-
tions;

 — the number of positive cells in caspase 3 im-
mune-stained sections. 

statistical analysis

Data obtained from the morphometric study was 
subjected to statistical analysis using SPSS software 
version 20 (SPSS, Inc., Chicago, IL, USA). Data were 
presented as mean ± standard deviation. Differenc-
es among the study groups were detected by using 
Mann-Whitney U test. The results were considered 
statistically significant with p value < 0.05 [15].

RESULTS
Histological study
Haematoxylin and eosin (H and E) stain

Haematoxylin and eosin-stained retinal sections 
of the control and NAC groups revealed the same 
histological features of the sensory retina.

The sensory retina of postnatal rats aged 7 days 
from control mothers (control group) consisted of 
the photoreceptor layer, 2 nuclear (outer and inner) 
layers that were separated from each other by the 
outer plexiform layer. Moreover, the inner nuclear 
layer was followed internally by the inner plexiform 
layer then the ganglion cell layer. The nerve fibre layer 
was followed by the inner limiting membrane with 
the developing blood vessels. 

However, the sensory retina of 7 days old post-
natal rats from mothers treated with cypermethrin 
(CYP group) showed vacuolations of inner and outer 
plexiform layers. The nuclear layers showed pyknosis 
of their nuclei, also the blood vessels showed va-
sodilatations and congestion. On the treatment of 
the mothers with cypermethrin and N-acetylcysteine 
(CYP and NAC group), the sensory retina of their  
7 days old postnatal offspring showed preservation 
of normal development and differentiation, so the 
retina appeared more or less normal. The sensory 
retinal layers of postnatal rats aged 14 days from 
control mothers (control group) appeared more dif-
ferentiated than that of the age of 7 days (Fig. 1). 

On the treatment of the mothers with cyperme-
thrin (CYP group), the sensory retina of their 14 days 
postnatal offspring showed hyalinisation and disor-
ganisation of the photoreceptor layer. Also, the vacu-
olations of the plexiform layers and nuclear pyknosis 
of the nuclear layers appeared. On the treatment of 
the mothers with cypermethrin and N-acetylcysteine 
(CYP and NAC group), the sensory retina of their  
14 days old postnatal offspring showed preservation 
of normal development and differentiation, so the 
sensory retina appeared more or less normal (Fig. 2). 

Toluidine blue stain

The sensory retina of postnatal rats aged  
(7 and 14) days from control mothers (control group) 
showed dark blue staining of its neural cells indicating 
the presence of dense Nissl’s bodies in their cyto-
plasm. The CYP sensory retinae showed a significant 
decrease in the colour intensity as compared to that 
of the control group, while the NAC treated sensory 
retinae showed a significant increase in the colour 
intensity of the toluidine blue stain as compared to 
that of CYP group (Figs. 3, 4). 

Immunohistochemical study

The sensory retina of postnatal rats aged (7 and 
14) days from CYP mothers (CYP group) showed 
significant increase in the percentage of positively 
reacting area for collagen IV as compared to that of 
control group, while the NAC treated sensory retinae 
showed significant decrease in the percentage of 
positively reacting area for collagen IV as compared 
to that of CYP group (Figs. 5, 6). 

The sensory retina of postnatal rats aged (7 and  
14) days from control mothers (control group) showed 
minimal expression of caspase 3. The CYP sensory 
retinae (CYP group) showed significant increase in 
the number of positively immunostaining cells for 
caspase 3 as compared to that of control group, 
while the NAC treated sensory retinae (CYP and NAC 
group) showed significant decrease in the number 
of positively immunostaining cells for caspase 3  
as compared to that of CYP group (Figs. 7, 8). 

DISCUSSION
The postnatal exposure to CYP leads to neuro-

degenerative effects on human and rat [22], so the 
aim of this work was to study for the first time, the 
effect of prenatal exposure to CYP on the develop-
ment of the sensory retina and the possible role of 
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Figure 2. Haematoxylin and eosin stained sensory retinal sections (×400) of 7 and 14 days postnatal offspring of cypermethrin (CYP) and 
cypermethrin and N-acetylcysteine (CYP and NAC) groups. A, B. Sensory retina of 7 and 14 days postnatal offspring of CYP group showing 
vacuolations (black star) of plexiform layers, pyknosis (red arrow) of nuclear layers, vasodilatation and congestion of the blood vessels (black 
arrow). Moreover, hyalinization and disorganisation (red star) are present in the photoreceptor layer; C, D. Sensory retina of 7 and 14 days 
postnatal offspring of CYP and NAC group showing preservation of normal development and differentiation.

Figure 1. Haematoxylin and eosin stained sensory retinal sections (×400) of 7 and 14 days postnatal offspring of control group: the sensory 
retina of 7 (A) and 14 (B) days postnatal offspring of (control) group showing photoreceptor layer (ph), outer nuclear layer (ONL), outer plex-
iform layer (OPL), inner nuclear (INL), inner plexiform layer (IPL), ganglionic cell layer (GCL), nerve fibre layer (NFL) and inner limiting mem-
brane (ILM). Also, the normal blood vessels (arrowhead) are present on the inner limiting membrane. 

A B
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Figure 3. Representative toluidine blue-stained sensory retina (×1000) of all experimental groups; A, B. Dark blue staining of Nissl’s bodies 
in retinal neural cells of control group; C, D. Significant decrease (p value < 0.05) in colour intensity of the sections of cypermethrin (CYP) 
group as compared to control group; E, F. Significant increase (p value < 0.05) in colour intensity of the sections of CYP and N-acetylcysteine 
(NAC) group as compared to CYP group.

Figure 4. Regarding the colour intensity of toluidine blue staining, the cypermethrin (CYP) group showing a significant decrease (#p value < 0.05)  
as compared to the control group while the CYP and N-acetylcysteine (NAC) group showing a significant increase (*p value < 0.05) as com-
pared to CYP group.
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Figure 5. Representative collagen IV immunostained sensory retina (×400) of all experimental groups; A, B. Normal expression of collagen IV  
in retinal blood vessels of (control) group; C, D. Significant up-regulation (p value < 0.05) in percentage of collagen IV immunoreacting area in 
retinae of cypermethrin (CYP) group as compared to those of control group; E, F. Significant down-regulation (p value < 0.05) in percentage 
of collagen IV immunoreacting area in retinae of CYP and N-acetylcysteine (NAC) group as compared to CYP group.

Figure 6. Regarding the expression of collagen IV immunostaining, the cypermethrin (CYP) group showing a significant increase (#p value < 0.05)  
as compared to the control group while the CYP and N-acetylcysteine (NAC) group showing a significant decrease (*p value < 0.05) as com-
pared to CYP group.
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Figure 7. Representative caspase 3 immunostained sensory retina (×400) of all experimental groups. The retinae of control group showing 
negative (A) and minimal (B) expression of caspase 3; C, D. Significant increase (p value < 0.05) in number of caspase 3 immunopositive 
cells in retinae of cypermethrin (CYP) group as compared to those of control group; E, F. Significant decrease (p value < 0.05) in number of 
caspase 3 immunopositive cells in retinae of CYP and N-acetylcysteine (NAC) group as compared to those of CYP group.

Figure 8. Regarding the expression of caspase 3 immunostaining, the cypermethrin (CYP) group showing a significant increase (#p value < 0.05)  
as compared to the control group, however, the CYP and N-acetylcysteine (NAC) group showing downregulation of caspase 3 expression  
(*p value < 0.05) compared to CYP group.

A B

C D

E F

140

120

100

80

60

40

20

0

–20

*

4

N
um

be
r 

of
 c

as
pa

se
 3

 p
os

iti
ve

 c
el

ls

NACControl CYP CYP and NAC

7 days 14 days

2 99.2 59.2 8.4 8 50109

#

*

#



147

N. Mohey Issa, M.A. Al-Gholam, Effect of N-acetylcysteine on the retina exposed to cypermethrin prenatally

NAC. The sensory retina of 7 days old postnatal rats 
from mothers treated with cypermethrin (CYP group) 
showed vacuolations of inner and outer plexiform 
layers. The nuclear layers showed pyknosis of their 
nuclei, also the blood vessels showed vasodilata-
tions and congestion. Moreover, the sensory retina of  
14 days postnatal rats from mothers treated with CYP 
showed hyalinisation and disorganisation of the pho-
toreceptor layer. These degenerative changes were 
explained by the toxic effect on the retinal blood 
vessels causing retinal hypoxia. Hypoxia-induced re-
active changes in glial cells (responsible for retinal 
vasculature development), which, in turn, result in 
an imbalance of pro-angiogenic and anti-angiogenic 
factors leading to retinal degeneration during vas-
cular development and migration of blood vessels in 
the neural retina [17]. Massengill et al. [12] explained 
the retinal degeneration by the occurrence of the 
inflammation. The inflammation was mediated by 
the accumulation of cyclic guanosine monophos-
phate causing the opening of calcium channels in 
the rod cells and subsequent rod cell death which 
was followed by the degeneration of other retinal 
layers [9]. Our results also showed a concomitant 
significant decrease in the intensity of the toluidine 
blue-stained retinae (CYP group) as compared to the 
control group. The reduced intensity was explained 
by the loss of Nissl’s bodies (basophilic ribosomal 
ribonucleic acid substances) as reported by Ajibade 
et al. [2] which added that neuronal degeneration 
followed by defective protein synthesis and loss of 
neuronal function. Our immunohistochemical results 
showed a significant increase in the expression of 
collagen IV in the sensory retina of the CYP group 
as compared to the control group denoting the ne-
ovascularisation (proliferation and abnormal organi-
zation) of retinal blood vessels, as reported by Dorrell 
et al. [5]. The retinal neovascularisation was owed 
to two factors (hypoperfusion and inflammation), 
but the inflammatory process might precede the 
ischaemia [21]. The inflammatory cytokines (IL-1β,  
IL-6, IL-8 and TNF-α) were claimed to cause endothe-
lial proliferation and pathologic angiogenesis [4]. 
Also, the sensory retina of the CYP group showed  
a significant increase in the number of caspase 3 im-
mune-positive cells as compared to that of the control 
group, this explained that the retinal neuro-degener-
ation occurred through caspase-dependent apoptotic 
mechanism stimulated by the oxidative stress [23]. 
NAC allowed significant protection of the sensory 

retina of the CYP and NAC group by preventing the 
neural degeneration and pathological apoptosis with 
the preservation of its Nissl’s bodies. Moreover, NAC 
allowed normal development of retinal blood vessels 
preventing neovascularisation. The protective role of 
NAC could be explained by acting as a glutathione 
precursor (cysteine is required for endogenous antiox-
idant glutathione production), down regulator of the 
expression of several inflammatory cytokines genes 
and microglia proliferation inhibitor [20]. 

CONCLUSIONS
The prenatal exposure of the rats to CYP led to 

damage to their sensory retina and the use of NAC 
as a protective agent resulted in the preservation of 
the normal structure of the sensory retina.

The experiment was conducted at Human Anato-
my and Embryology Department, Faculty of Medicine, 
Menoufia University.

REFERENCES
1. Abdul-Hamid M, Moustafa N, Asran AA, et al. Cyperme-

thrin-induced histopathological, ultrastructural and bio-
chemical changes in liver of albino rats: The protective role 
of propolis and curcumin. Beni-Suef Univ J Basic Appl Sci. 
2017; 6(2): 160–173, doi: 10.1016/j.bjbas.2017.03.002.

2. Ajibade AJ, Adenowo TK, Fegemilehin ME, et al. Some 
histological observations on the cerebellar cortex of adult 
Wistar rats following quinine administration. Sci Focus. 
2006; 11(2): 97–100.

3. Berry A, Bellisario V, Panetta P, et al. Administration of the 
antioxidant N-acetyl-cysteine in pregnant mice has long-
term positive effects on metabolic and behavioral endpoints 
of male and female offspring prenatally exposed to a high-
fat diet. Front Behav Neurosci. 2018; 12: 48, doi: 10.3389/
fnbeh.2018.00048, indexed in Pubmed: 29599711.

4. Curnow SJ, Murray PI. Inflammatory mediators of uveitis: 
cytokines and chemokines. Curr Opin Ophthalmol. 2006; 
17(6): 532–537, doi: 10.1097/ICU.0b013e32801094b5, 
indexed in Pubmed: 17065921.

5. Dorrell MI, Aguilar E, Friedlander M. Retinal vascular devel-
opment is mediated by endothelial filopodia, a preexisting 
astrocytic template and specific R-cadherin adhesion. 
Invest Ophthalmol Vis Sci. 2002; 43: 3500–3510.

6. Farshid AA, Tamaddonfard E, Yahyaee F. Effects of histidine 
and N-acetylcysteine on diclofenac-induced anti-inflam-
matory response in acute inflammation in rats. Indian  
J Exp Biol. 2010; 48(11): 1136–1142, indexed in Pubmed: 
21117455.

7. Huang C, Li X. Maternal cypermethrin exposure during 
the perinatal period impairs testicular development in 
C57BL male offspring. PLoS One. 2014; 9(5): e96781, 
doi: 10.1371/journal.pone.0096781, indexed in Pubmed: 
24810582.

8. Huang F, Liu Q, Xie S, et al. Cypermethrin induces mac-
rophages death through cell cycle arrest and oxidative 

http://dx.doi.org/10.1016/j.bjbas.2017.03.002
http://dx.doi.org/10.3389/fnbeh.2018.00048
http://dx.doi.org/10.3389/fnbeh.2018.00048
https://www.ncbi.nlm.nih.gov/pubmed/29599711
http://dx.doi.org/10.1097/ICU.0b013e32801094b5
https://www.ncbi.nlm.nih.gov/pubmed/17065921
https://www.ncbi.nlm.nih.gov/pubmed/21117455
http://dx.doi.org/10.1371/journal.pone.0096781
https://www.ncbi.nlm.nih.gov/pubmed/24810582


148

Folia Morphol., 2021, Vol. 80, No. 1

stress-mediated JNK/ERK signaling regulated apoptosis. 
Int J Mol Sci. 2016; 17(6), doi: 10.3390/ijms17060885, 
indexed in Pubmed: 27322250.

9. Luodan A, Zou T, He J, et al. Rescue of retinal degeneration 
in rd1 mice by intravitreally injected metformin. Front Mol 
Neurosci. 2019; 12: 102, doi: 10.3389/fnmol.2019.00102, 
indexed in Pubmed: 31080404.

10. Madu EP. Teratogenic and embryotoxic effects of orally 
administered cypermethrin in pregnant albino rats. J Tox-
icol Environ Health Sci. 2015; 7(7): 60–67, doi: 10.5897/
jtehs2015.0336.

11. Massaad CA, Klann E. Reactive oxygen species in the 
regulation of synaptic plasticity and memory. Antioxid 
Redox Signal. 2011; 14(10): 2013–2054, doi: 10.1089/
ars.2010.3208, indexed in Pubmed: 20649473.

12. Massengill MT, Ahmed CM, Lewin AS, et al. Neuroinflam-
mation in retinitis pigmentosa, diabetic retinopathy, and 
age-related macular degeneration: a minireview. Adv Exp 
Med Biol. 2018; 1074: 185–191, doi: 10.1007/978-3-319-
75402-4_23, indexed in Pubmed: 29721943.

13. Molavi M, Razi M, Cheraghi H, et al. Protective effect of 
vitamin E on cypermethrin-induced follicular atresia in rat 
ovary: Evidence for energy dependent mechanism. Vet Res 
Forum. 2016; 7(2): 125–132.

14. Monks TJ, Ghersi-Egea JF, Philbert M, et al. Symposium 
overview: the role of glutathione in neuroprotection and 
neurotoxicity. Toxicol Sci. 1999; 51(2): 161–177, doi: 
10.1093/toxsci/51.2.161, indexed in Pubmed: 10543018.

15. Mould RF. Introductory Medical Statistics. Adam Hilger, 
Bristol, Philadelphia, USA 1999: 22–126.

16. Phensy A, Duzdabanian HE, Brewer S, et al. Antioxidant 
Treatment with N-acetyl Cysteine Prevents the Develop-
ment of Cognitive and Social Behavioral Deficits that Result 

from Perinatal Ketamine Treatment. Front Behav Neurosci. 
2017; 11: 106, doi: 10.3389/fnbeh.2017.00106, indexed 
in Pubmed: 28634445.

17. Pinilla I, Fernández-Sánchez L, Segura F, et al. Long time 
remodeling during retinal degeneration evaluated by 
optical coherence tomography, immunocytochemistry 
and fundus autofluorescence. Exp Eye Res. 2016; 150: 
122–134, doi: 10.1016/j.exer.2015.10.012.

18. Saka WA, Akhigbe RE, Azeez OM, et al. Effects of Py-
rethroid Insecticide Exposure on Haematological and 
Haemostatic Profiles in Rats. Pak J Biol Sci. 2011; 14(22): 
1024–1027, doi: 10.3923/pjbs.2011.1024.1027.

19. Sankar P, Telang AG, Manimaran A. Protective effect of 
curcumin on cypermethrin-induced oxidative stress in 
Wistar rats. Exp Toxicol Pathol. 2012; 64(5): 487–493, doi: 
10.1016/j.etp.2010.11.003, indexed in Pubmed: 21130633.

20. Santos P, Herrmann AP, Elisabetsky E, et al. Anxiolytic prop-
erties of compounds that counteract oxidative stress, neu-
roinflammation, and glutamatergic dysfunction: a review. 
Braz J Psychiatry. 2019; 41(2): 168–178, doi: 10.1590/1516-
4446-2018-0005, indexed in Pubmed: 30328963.

21. Sapieha P, Hamel D, Shao Z, et al. Proliferative retinop-
athies: angiogenesis that blinds. Int J Biochem Cell Biol. 
2010; 42(1): 5–12, doi: 10.1016/j.biocel.2009.10.006, 
indexed in Pubmed: 19836461.

22. Wang Y, Zhang Y, Ji L, et al. Prenatal and postnatal ex-
posure to organophosphate pesticides and childhood 
neurodevelopment in Shandong, China. Environ Int. 2017; 
108: 119–126, doi: 10.1016/j.envint.2017.08.010, indexed 
in Pubmed: 28843140.

23. Wu J, Gorman A, Zhou X, et al. Involvement of caspase-3 in 
photoreceptor cell apoptosis induced by in vivo blue light 
exposure. Invest Ophthalmol Vis Sci. 2002; 43: 3349–3354.

http://dx.doi.org/10.3390/ijms17060885
https://www.ncbi.nlm.nih.gov/pubmed/27322250
http://dx.doi.org/10.3389/fnmol.2019.00102
https://www.ncbi.nlm.nih.gov/pubmed/31080404
http://dx.doi.org/10.5897/jtehs2015.0336
http://dx.doi.org/10.5897/jtehs2015.0336
http://dx.doi.org/10.1089/ars.2010.3208
http://dx.doi.org/10.1089/ars.2010.3208
https://www.ncbi.nlm.nih.gov/pubmed/20649473
http://dx.doi.org/10.1007/978-3-319-75402-4_23
http://dx.doi.org/10.1007/978-3-319-75402-4_23
https://www.ncbi.nlm.nih.gov/pubmed/29721943
http://dx.doi.org/10.1093/toxsci/51.2.161
https://www.ncbi.nlm.nih.gov/pubmed/10543018
http://dx.doi.org/10.3389/fnbeh.2017.00106
https://www.ncbi.nlm.nih.gov/pubmed/28634445
http://dx.doi.org/10.1016/j.exer.2015.10.012
http://dx.doi.org/10.3923/pjbs.2011.1024.1027
http://dx.doi.org/10.1016/j.etp.2010.11.003
https://www.ncbi.nlm.nih.gov/pubmed/21130633
http://dx.doi.org/10.1590/1516-4446-2018-0005
http://dx.doi.org/10.1590/1516-4446-2018-0005
https://www.ncbi.nlm.nih.gov/pubmed/30328963
http://dx.doi.org/10.1016/j.biocel.2009.10.006
https://www.ncbi.nlm.nih.gov/pubmed/19836461
http://dx.doi.org/10.1016/j.envint.2017.08.010
https://www.ncbi.nlm.nih.gov/pubmed/28843140


Folia Morphol. 
Vol. 80, No. 1, pp. 149–157

DOI: 10.5603/FM.a2020.0034
Copyright © 2021 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

149

Address for correspondence: Dr. K.A.J. Faddladdeen, Biology Department, Faculty of Science, King Abdulaziz University, Jeddah, Saudi Arabia, 
e- mail: kfaddladdeen@kau.edu.sa

Ameliorating effect of pomegranate peel  
extract supplement against type 1  
diabetes-induced hepatic changes in the rat: 
biochemical, morphological and  
ultrastructural microscopic studies 
K.A.J. Faddladdeen

Biology Department, Faculty of Science, King Abdulaziz University, Jeddah, Saudi Arabia 

[Received: 16 December 2019; Accepted: 2 March 2020]

Background: Diabetes mellitus could result from disorders in insulin secretion or 
receptors mainly characterised by hyperglycaemia. Natural antioxidants including 
pomegranate are traditionally used as hypoglycaemic agents. The present research 
was designed to evaluate the possible therapeutic role of pomegranate peel ex-
tract (PPE) against type 1 diabetic-induced hepatic biochemical and histological 
alteration.
Materials and methods: Adult male Wistar rats (n = 48) were sorted into four 
groups: G1: control group, G2: normal rats received PPE, G3: streptozotocin 
(STZ)-diabetic rats, received IP STZ (55 mg/kg body weight), and G4: diabetic rats 
post-treated with PPE (200 mg/kg body weight/day). Effectiveness of PPE was 
assessed by measuring serum glucose, liver enzymes, and morphological features 
of liver tissue using light and electron microscopy. 
Results: Histological examination showed degenerative necrotic changes in 
diabetic rat liver which were improved by post-treatment with PPE. Biochemical 
results confirmed microscopic morphological and ultrastructural findings. 
Conclusions: Pomegranate peel extract was found to have a moderate therapeu-
tic effect against hepatic alterations in male rats. It could be advised for diabetic 
patients suffering from early alterations of liver functions. (Folia Morphol 2021; 
80, 1: 149–157)

Key words: pomegranate peel extract, therapeutic, streptozotocin, liver, 
diabetes, liver enzymes, ultrastructure

INTRODUCTION
Diabetes is a challenging clinical condition with 

many drastic complications on body organs [15, 49] 
including the liver [46]. Hyperglycaemia is the main 
feature of diabetes mellitus [20]. It has many impacts 
on the structure and function of many organs [32, 
51] including the liver [2, 44]. Hepatocytes are well-

known to be involved in the metabolism of different 
nutrients including carbohydrate [34].

Transmission electron microscopy (TEM) is used to 
give subcellular details of cells and define cell orga-
nelles involved in protein synthesis, energy production 
and lysosomal functions that can undergo alteration 
upon exposure to oxidative stress [31]. Researches 
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regarding hepatocyte alteration in diseases and ther-
apeutic modulation were found in the literature [26].

Alteration of mitochondrial electron transport 
chain which may be reflected in mitochondrial ultra-
structure and their energy production was reported 
[6]. Pomegranate is a famous fruit highly rich in anti-
oxidants [9, 24] and its products were used as natural 
remedies for many diabetic oxidative-stress-induced 
lesions including liver [33]. This study showed that 
pomegranate juice significantly reduced hepatocyte 
lipid peroxidation and oxidative stress in type 2 di-
abetic rats through improving antioxidant status in 
liver tissue. Therapeutic uses of pomegranate were 
reviewed, and it was proved to be effective against 
many diseases such as dental infection, cardiovascular 
disease, and diabetes [23].

A study was done [28] that proved its effective role 
in the amelioration of diabetic induced nephropathy 
in the rat.

The previous study by the author showed that 
pomegranate peel extract (PPE) provided a prophylac-
tic effect against diabetes-induced changes in rat liver 
[17]. Diabetes was reported to induce oxidative stress 
leading to tissue damage and this mostly occurs via 
alteration in mitochondria [14]. Thus, in the present 
study electron microscopy was used to confirm light 
microscopic morphological finding and describe mi-
tochondrial and other organelles changes in the liver 
of diabetic rats besides demonstrating the therapeutic 
anti-diabetic effect of PPE together with confirming 
biochemical assay of liver enzymes alteration.

Ethical approval

This study was conducted according to guidelines 
and protocols approved by the ethical committee for 
animal care and use in King Fahd Medical Research 
Centre (KFMRC), King Abdulaziz University (KAU), Jed-
dah, Saudi Arabia, which are in accordance with the 
guidelines of the Canadian Council on Animal Care.

MATERIALS AND METHODS
Drugs and chemicals

Pomegranate fresh fruits were obtained from Taif 
region (Al Bustan farm), Saudi Arabia. Methanol was 
purchased from Sigma-Aldrich, Chemie GmbH, Ger-
many. Streptozotocin (STZ) was obtained from Sig-
ma-Aldrich Corp, St. Louis, MO, USA. Mouse alanine 
transaminase (ALT) ELISA Kit was obtained from Geno 
Technology, Inc. (USA). Rat total alkaline phosphatase 
(ALP) ELISA Kit as well as rat aspartate aminotrans-

ferase (AST) ELISA Kit were purchased from My Bio-
Source, Inc., California, San Diego (USA). 

animals

Adult (3 months old) male Wistar rats (n = 48) 
with an average body weight of 200–250 g were 
obtained from animal house (animal care unit in 
KFMRC, KAU, Jeddah, Saudi Arabia) according to the 
guidelines for animal research approved by the Unit 
of Biomedical Ethics Research Committee, Faculty of 
Medicine, King Abdulaziz University. Rats were divid-
ed into four groups (12 rats per cage) and allowed 
to adapt to lab conditions for 1 week, temperature 
23oC and 22 Co humidity with 12 h/12 h light/dark 
cycle. They were fed with normal standard diet and 
water ad libitum. 

Methods

PPE preparation. Air-dried peel was prepared 
from fresh pomegranate (Punica granatum). Dried 
peels (50 g) was pulverized and extracted for 24 h 
using 500 mL absolute methanol using ULTRA-TUR-
RAX disperser (T50 basic IKA-Werke, Germany). The 
resulted extract was filtered and evaporated using 
rotary evaporation (Rotavap, BUCHI, Switzerland). 
The extract was kept at 20oC. 

Diabetes induction. STZ (55 mg/kg body weight) 
was dissolved in 0.05 M citrate buffer (1 mL) at pH 4.5 
and injected immediately after preparation through 
intraperitoneal route to fasting rats. Glucose (5%) 
was given in drinking water to overcome STZ induced 
hypoglycaemia.

Three days later, blood glucose from fasted rats 
was taken from tail vein then measured using glucom-
eter. Animals having blood glucose ranged from 300 
to 500 mg/dL were chosen as a model for type 1 dia-
betes and included in the experimental procedure [8]. 

Animal grouping and study design. The experi-
mental procedure last for 12 consecutive weeks where 
rats were divided into four groups: G1 — served as 
the control; G2 — rats received an oral dose of PPE 
(200 mg/kg body weight/day); G3 — STZ-diabetic 
rats, G4 — diabetic rats administrated PPE in a similar 
dose to G2. The following parameters were recorded.

Body weight. The body weight of all animal 
groups was recorded at the end of the experiment 
before sacrificing and was statically analysed. 

Blood glucose. For evaluation of treatment re-
sponse fasting glucose level was measured weekly 
all through the experiment using a blood glucometer 
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(ACCU-CHEK; Roche Mannheim, Germany). Blood glu-
cose levels measured for all groups at the end of the 
experiment and were subjected to statistical analysis.

Biochemical study for liver enzymes. Blood sam-
ples were collected from the retro-orbital venous 
plexus lightly anesthetized animals before animal 
sacrifice. Serum was obtained by centrifugation at 
4oC, 3000 rpm for 10 min then stored at –20oC for liver 
enzyme (ALT, AST, ALP) analysis [40]. The analysis was 
done in Mansour Scientific Foundation for Research 
and Development, Jeddah, Saudi Arabia.  

Tissue processing for morphological and  
ultrastructural microscopic features. The rats 
were anesthetised lightly by diethyl ether inhalation  
(1 mL in soaked cotton pellets) and the abdominal cav-
ity was incised at the midline. The liver was removed  
and samples from the large lobe (2 × 2 mm) were 
fixed either in 10% neutral buffered formalin or in 
3% glutaraldehyde in phosphate buffer pH 7.4 at 
4°C. Routine processing for light paraffin sections 
and electron microscopy was carried out in highly 
specialised lab in KAU hospital and electron micros-
copy unit. Paraffin sections are stained by haema-
toxylin and eosin (H&E) while semi-thin sections 
(0.5–1 mm) were stained with 1% toluidine blue for 
general orientation using light microscope. Ultrathin 
sections (60 nm thick) were done by ultra-tome then 
processed for staining using 2% uranyl acetate and 
lead citrate [37]. Photographing of ultrathin stained 
sections was done using a TEM (80 kV, JEM-100 
Cx11, JEOL) in an Electron Microscopic Unit, Assuit 
University, Egypt.

statistical analysis 

Statistical analysis using IBM SPSS Statistics ver. 
20.0 was applied to evaluate and test the hypothesis. 
The results were presented as means ± standard de-
viations (SD). One-way analysis of variance (ANOVA) 
was used to find the significant differences between 

the four groups’ means followed by a post hoc test, 
Tukey HSD for multiple comparisons. Results were 
considered statistically significant when p < 0.05.

RESULTS
Body weight changes

Table 1 showed the body weight of G3 (STZ) was 
decreased significantly (p < 0.01) as compared with 
G1 (control) and G2 (PPE). The rats in G4 (STZ + PPE) 
showed an increased in body weight as compared 
with G3. PPE did not alter body weight of control 
rats. However, it was observed that the decrease in 
body weight in the diabetic rat was restored by PPE 
administration.

Fasting blood glucose alteration

Table 1 showed that fasting blood glucose (FBG) of 
G3 was increased significantly (p < 0.01) as compared 
with control G1 and G2. The rats in G4 showed a de-
crease in FBG as compared with G3. PPE was found to 
lower blood glucose of diabetic rats but insignificantly 
compared with control. PPE, on the other hand, did 
not alter the blood glucose of control animals. 

Liver enzymes (ALT, AST, ALP) serum levels alteration

Table 1 showed the liver enzymes level in G3 was 
increased significantly (p < 0.01) as compared with 
control G1 and G2. The rats in G4 showed decreased 
in liver enzymes as compared with G3. Liver enzymes 
were assayed in this study to demonstrate any hepat-
ocyte cell injury or necrosis that may lead to the 
release of enzymes into blood circulation. 

Histopathological study

Effects of type 1 diabetes and PEE treatment 
on the morphology of liver tissue using light 
microscopy

Figure 1 shows photographs from the light mi-
croscopic examination of paraffin (H&E stain) rat 

Table 1. Effects of streptozotocin (STZ) and pomegranate peel extract (PPE) on body weight, blood glucose, and liver enzymes in rats

G1 (control) G2 (PPE) G3 (STZ) G4 (STZ + PPE)

Body weight [g] 276.379 ± 21.92 259.4444 ± 28.58 202.1667 ± 3.85a 227.8283 ± 13.72

Blood glucose [mg/dL] 91.89394 ± 3.54 97.12963 ± 4.72 464.9583 ± 26.45a 392.8485 ± 9.67b

Alanine aminotransferase [U/L] 23.16667 ± 7.34 26.83333 ± 7.67 56.5 ± 7.65a 41.83333 ± 6.62b

Aspartate aminotransferase [U/L] 54.33333 ± 12.23 54.66667 ± 9.30 154.8333 ± 26.62a 78 ± 15.52b

Alkaline phosphatase [U/L] 100.5 ± 14.68 80.66667 ± 9.45 209.5 ± 54.70a 146.6667 ± 9.83b

The number of animals was 12 for each group; all values are expressed as means ± standard deviation. aSignificance versus G1 (control); bSignificance versus G3 (STZ); p < 0.05
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liver sections from control group 1 rats (Fig. 1A), PPE 
extract group (Fig. 1B), diabetic STZ group (Fig. 1C) 
and diabetic STZ + PPE group (Fig. 1D). 

In Figure 1A hepatocytes were found to be ar-
ranged radially around the central vein. Cells had 
rounded central vesicular nuclei and showed an aci-
dophilic cytoplasm. Thin-walled blood sinusoids were 
observed between hepatocyte cell cords. They were 
lined by flat endothelial cells. Occasionally, Kupffer 
cells nuclei could be seen in some sinusoids. Figure 1B 
showed no alteration of normal structure. In Figure 1C  
the liver showed scattered apoptotic hepatocytes 
(smaller in size than normal cells and having deeply 
stained acidophilic cytoplasm and small dark nuclei). 
Some samples showed necrotic cells with ill-defined 
outlines. In Figure 1D marked improvement was ob-
served where the liver showed nearly normal radially 
arranged hepatocytes around the central vein. Blood 
sinusoidal spaces and their Kupffer cells also looked 
like that of control animals.

Effects of type 1 diabetes and PEE treatment on 
the morphology of liver tissue using electron 
microscopy

Semithin sections (toluidine blue stain). The 
technique of semithin sectioning provided more de-
tailed features of liver parenchyma. In control ani-
mals, hepatocytes with polyhedral shapes are normal-
ly arranged around the central vein were observed. 
The cells have vesicular nuclei with prominent one or 
two nucleoli. Blood sinusoids between hepatocytes 
are lined by endothelial and Kupffer cells (Fig. 2A).

In Figure 2B no alteration was observed. Alterations 
by STZ-induced diabetes were shown in Figure 2C;  
marked damage to central vein endothelial cell lining 
was observed. Hepatocytes appeared shrunken. Their 
nuclei looked smaller, darker and degenerated.

Blood sinusoids were dilated. Nearby hepatocytes 
showed necrosis leaving empty spaces. 

In Figure 2D hepatocytes showed normal rounded 
central nuclei and prominent nucleoli; the cytoplasm 

Figure 1. Photomicrographs of transverse sections of rat liver. Magnified power (1000×) stained by H&E to show: A. G1: control. Part of cen-
tral vein (CV) with intact endothelial lining (dotted arrows). Hepatocytes cell cords with rounded vesicular nuclei (black arrows) and slightly 
basophilic cytoplasm. Blood sinusoids are of normal appearance (white arrows); B. G2: pomegranate peel extract (PPE). No alteration in liver 
histology, CV is lined by intact endothelium (dotted arrow). Normal hepatocytes with normal nuclei (black arrows) and blood sinusoids (white 
arrows); C. G3: streptozotocin (STZ) diabetes. Showing damage to CV endothelial cell lining (dotted arrows). Hepatocytes are shrunken with 
their nuclei looked smaller darker and degenerated (black arrows) all are features of apoptosis. Many hepatocytes are lost leaving necrotic 
regions (stars); D. G4: STZ + PPE. Liver parenchyma with both hepatocytes (black arrows) and blood sinusoids (white arrows) looked normal 
and similar to control.

A B

C D
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of some cells dark stained granules. Blood sinusoids 
between the cells were thin. 

Ultra-structural changes in rat hepatocytes. 
The ultra-structural study was used to confirm what 
was seen by light microscopy as it showed cell orga-
nelles’ changes in all experimental groups compared 
to control.

Electron microscopy micrographs from control 
liver (Fig. 3A, B) showed that hepatocytes have  
a normal population of mitochondria, rough endo-
plasmic reticulum and glycogen granules with few 
fat globules. The nuclei showed a euchromatic ap-
pearance.

Blood sinusoids are lined by normal Kupffer cells. 
In Figure 3C there was no alteration in ultrastruc-

ture features of hepatocytes. 
In Figure 3D, E electron microscopic photographs 

of diabetic rat hepatocytes showed enlarged nuclei, 
which is called karyomegaly. Binucleated hepatocytes 
with double nuclei were observed. Hepatocyte cyto-
plasm showed focal regions of organelle degenera-
tion, few swollen mitochondria, lipid droplets, and 

dark lysosomal bodies. In Figure 3F where diabetic 
rats were treated with PPE, ultrastructure features 
of hepatocytes showed absence of changes seen in 
treated diabetic group. The nucleus was normal. The 
cytoplasm contained rough endoplasmic reticulum 
beside numerous normal mitochondria. Smooth en-
doplasmic reticulum beside few cytoplasm vacuoles 
was observed. 

DISCUSSION
The liver is considered the largest important or-

gan that deals with metabolic processing of many 
nutrient materials including carbohydrate beside 
toxin and drug detoxification in both normal and 
diseased conditions [19]. Diabetes is associated with 
the increased process of oxidative stress induced by 
hyperglycaemia [11]. The increased free radicles in 
oxidative stress damaged many organs including the 
liver [30, 50].

Light microscopic examination in the present 
study showed alteration in diabetic rat liver in the 
form of disordered hepatic cords, appearance of 

Figure 2. Photomicrographs of semithin sections from rat liver. Magnified power (1000×) stained by toluidine blue to show: A. G1: control. 
Notice the normal hepatocyte with their central rounded vesicular nuclei with prominent nucleoli (black arrows). Thin wall blood sinusoids 
with blood cells could be seen among hepatic cell cords (white arrows); B. G2: pomegranate peel extract (PPE). Showing also normal hepato-
cytes with rounded vesicular nuclei (black arrows). Blood sinusoids showed prominent Kupffer cell nuclei (white arrow); C. G3: streptozotocin 
(STZ). Marked damage to central vein (CV) endothelial cell lining (dotted arrows). Apoptotic hepatocytes are shrunken with their nuclei looked 
smaller, darker and degenerated (black arrows). Blood sinusoidal lumina are dilated (white arrow). Many hepatocytes are lost leaving necrotic 
regions (stars); D. G4: STZ + PPE. Showing hepatocytes with normal rounded central nuclei and prominent nucleoli (black arrows). The cyto-
plasm of some cells showed dark stained granules. Blood sinusoids between the cells are thin (white arrows).

A B

C D
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scattered apoptotic cells, dilation in central vein and 
sinusoids, damaged lining of central veins. Similar 
results were reported by Aboonabi et al. [1], Al-Attar 
et al. [5], and Rodríguez et al. [38]. STZ-cytotoxicity 
on pancreatic islet β-cells resulting in hyperglycaemic 
status that interferes with cellular metabolic oxidative 
mechanisms [35]. Animal diabetic models exhibit 
high oxidative stress due to chronic hyperglycaemia 

that results in depletion of the antioxidant defence 
system and promotes de novo generation of free 
radicals [29].

In the present study, semithin sections beside ultra-
structural features of normal rat hepatocytes reflected 
what was seen in H&E stained paraffin. In electron 
microscopy micrographs the central vesicular nuclei 
appeared euchromatic where chromatin was seen 

Figure 3. Electron micrographs of ultrathin sections from hepatocytes showing: G1: control; A. Low magnification (3600×) to show hepat-
ocyte and part of nearby sinusoids lined by Kupffer cells (white arrow). Hepatocytes nucleus (N), mitochondria (M), rough endoplasmic 
reticulum (white arrows). Smooth endoplasmic as small vesicles (dotted arrows); B. Higher magnification (5800×) to show details of hepat-
ocyte organelles and nucleus; C. G2: pomegranate peel extract (PPE). Showing binucleated hepatocyte (N) with prominent nucleoli (n). The 
cytoplasm showed numerous mitochondria (M), rough endoplasmic reticulum (white dotted arrows) and few small dense lysosomal bodies 
(black arrows) (5800×); D, E. G3: streptozotocin (STZ). Showing hepatocytes from diabetic rat liver; D. Hepatocytes with enlarged nuclei — 
karyomegaly (N). Focal area of cell organelle degeneration. Cytoplasm contains few swollen mitochondria (M), lipid droplets (white arrows), 
dark lysosomal dense bodies (dotted arrows) (5800×); E. Binucleated hepatocytes with double nuclei (N). One showed peripherally located 
nucleolus (n). Cytoplasm showed regions of organelle degeneration (white stars). Lysosomal bodies (dotted arrows) and mitochondria (M) 
(3600×); F. G4: STZ + PPE. Showing absence of changes seen in pomegranate treated diabetic group (STZ + PPE), the nucleus is normal (N).  
The cytoplasm contains rough endoplasmic reticulum (white arrows) numerous normal mitochondria (M). Few vacuoles (black arrows).  
Notice, regions of smooth endoplasmic reticulum (SER) (5800×).

A

B

C

D

E

F
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dispersed in the nucleoplasm with prominent nuclei. 
Such appearance indicated normal cellular activity [3]. 
On the other hand, hepatocytes from diabetic rats 
showed altered ultrastructure in the form of nuclear 
chromatin condensation (heterochromatic appear-
ance), loss chromatin condensation (heterochromatic 
appearance), loss and damage to rough endoplasmic 
reticulum which appeared as electron-lucent regions 
with reticulated appearance. There was also a de-
creased mitochondria population. A similar observa-
tion was seen in many cases of hepatocyte cell injury 
in toxic conditions [11]. In diabetic status, similar 
ultrastructure alterations of hepatocytes in case of al-
loxan-induced diabetes in rat liver were described [26].

Loss of endoplasmic reticulum and decreased mi-
tochondria population in hepatocytes of STZ-induced 
type 2 diabetes were also reported [7]. Also, Farid et 
al. [18] described disorganisation and degenerative 
changes in hepatocyte cytoplasmic organelles of di-
abetic rats.

Mitochondria integrity is critical for cellular 
health. In the present study, hepatocyte mitochondria 
showed a marked decrease in G3 diabetic rats. The de-
crease in mitochondria may affect energy production 
with subsequent derangement of functional activity. 
Hyperglycaemia was reported to cause damage to 
mitochondrial structure and function in tubular and 
mesangial cells of the diabetic rat kidney [14].

In a study done by Chang et al. [13], hyperglycae-
mia was found to affect mitochondrial replication 
and fusion needed to face nutrient depletion [13]. 
Hyperglycaemia was reported to increase Ca2+ with-
in mitochondria and this may cellular function [10]. 
Mitochondrial integrity and function were affected 
in the case of hepatic insulin resistance [39].

Accumulation of lipid droplets and lysosomal bod-
ies in hepatocytes of the diabetic rats was demon-
strated in this study at the level of electron microsco-
py. Similar observations were reported using HepG2 
cells and were attributed to alteration of enzymes 
(inducible kinase) involved in the process of lipogen-
esis [36, 45]. Hyperlipidaemia associated with type 2 
diabetes mellitus results in lipid deposition in different 
tissue including the liver [25, 42]. Steatosis or hepatic 
liver accumulation of lipids was also described in 
detail in the rat model [12].

Dense bodies observed in rat hepatocytes of G3: 
diabetic rats were most probably lysosomal structures 
that were previously described and associated with 
hepatocellular autophagy in alloxan-induced diabetes 

in male mice [27]. The increase in the lysosomal struc-
ture was attributed to oxidative stress and increased 
free radical formation in diabetic status [21, 43]. 

In animals receiving PEE, hepatocytes showed the 
absence of changes induced by diabetes and looked 
similar to those of control. 

Ultrastructure features of rat hepatocytes showed 
less features of necrosis, apoptosis, Bioactivities of 
pomegranate peel extract as an antioxidant was re-
ported by Akhtar et al. [4]. It was used for the protec-
tion of many organs as in case diabetic nephropathic 
changes [28] and was used to antagonise oxidative 
stress induced by diabetes [16]. Diabetic rats were giv-
en extracts of pomegranate peel (Punica granatum) 
showed improved diabetic status [41]. The effect was 
reported by the authors to be via increasing antiox-
idants enzymes that antagonise oxidative stress of 
diabetic status.

Hepatic steatosis in diabetic patients was reported 
to be prevented by ellagic acid, the active ingredient 
of pomegranate [48]. Most previous researches re-
gard pomegranate products deal with preventive ac-
tivities against diabetic induced hepatic changes [22]. 
This study, however, proved its potential therapeutic 
effect against diabetic changes in liver parenchyma 

However, an updated review about the health 
benefit of pomegranate products including PPE was 
done by Vučić et al. [47] who reported that more 
investigations have to be done to clarify the mecha-
nism of its antidiabetic action before use as a therapy. 

CONCLUSIONS 
It could be concluded that morphological features 

of liver tissue using both light and ultrastructural mi-
croscopic studies provided an idea concerning cellular 
and subcellular changes in case of diabetes compared 
to control. Mitochondrial alteration observed here 
confirmed that diabetic changes are due to oxidative 
stress, which explained the improvement occurred via 
administration of PPE; the natural supplement that 
proved to possess high antioxidant activity. Further 
studies on the same samples are running to confirm 
this mechanism. More work must be done via clinical 
trials to evaluate its beneficial effect in controlling di-
abetic hyperglycaemia and its complication especially 
hepatic in humans. 
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Background: Colon cancer is considered to be the third most common cancer 
worldwide. At diagnosis of colon cancer, 3.7–11% developed bone metastasis. 
Diet based strategies are important for prevention and treatment of colon cancer. 
This study investigated the effect of vitamin B17 on a DMH induced rat model 
of colon cancer. 
Materials and methods: Eighty young adult male albino rats were divided into 
five groups: group I (control group), group II (vitamin B17), group III (colon 
cancer), group IV (protected) and group V (treated). Distal colon sections were 
prepared for light and scanning electron microscopic examination. Lumbar ver-
tebrae specimens were prepared for light microscopic study. Morphometric and 
statistical analysis were done. 
Results: In comparison with the control, both colon cancer and treated groups 
showed invasion of the colonic tissue by pleomorphic branching colonic glands 
of variable shapes and sizes lined with dysplastic elongated hyperchromatic nuclei 
with frequent mitotic figures or stratified multi-layered crowded nuclei with an 
extremely significant (p < 0.0001) reduction of goblet cell number when compared 
to the control together with major pathological bone changes were observed in 
colon cancer and the treated groups. 
Conclusions: While the protected group showed impressive improvement of all 
previously mentioned diameters. (Folia Morphol 2021; 80, 1: 158–169)

Key words: colon cancer rat, vitamin B17

INTRODUCTION 
Colon cancer is often found in patients aged 50 

years or older. However, recent interest in Egyptian 
colon cancer has been raised when epidemiologi-
cal studies revealed a high incidence of this disease 
among young Egyptian population aged between 30 
and 35 years [14]. The aetiology of colon cancer is 
multifactorial, including genetic, environmental and 
dietary factors [2]. At diagnosis of colon cancer, 3.7– 
–11% developed bone metastasis [12]. Animal models 
are good ways to study the disease development. In 
addition, these models allow for studying the pre-

vention of colon cancer [7]. Currently, experimental 
models use 1,2-dimethylhydrazine (DMH) which is  
a potent colon carcinogen and the most widely used 
colon cancer inducer. DMH causes oxidative stress by 
methylating the molecules of colonic epithelial cells [5].  
Colon cancer is considered to be a preventable dis-
ease [17, 25].

Vitamin B17, commonly known as Laetrile or 
Amygdalin, is claimed to be a potential natural chemo- 
therapeutic agent found particularly in the seeds of 
common fruits such as apricots, peaches and apples [9].  
The anti-neoplastic effect of vitamin B17 is attribut-
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ed to its ability to induce apoptosis in tumour cells. 
It is also claimed to reduce the mitotic activity of 
these cells [18]. It would be therefore worthwhile to 
experimentally induce a rat model of colon cancer 
and study the possible role of vitamin B17 whether 
protective or curative. 

MATERIALS AND METHODS
dMh. A product of Sigma-Aldrich (Munich, Ger-

many), was available in the form of white powder. 
It was dissolved in 1 mM EDTA-Normal saline. It was 
given to the rat by intra-peritoneal injection (IP) at 
a dose of 20 mg/kg/body weight once weekly for  
5 consecutive weeks [23].

Vitamin B17. It was obtained online from (IHerb, 
California) in the form of capsules. The container 
served 100 capsules, each capsule served 100 mg 
Apricot seed extract (vitamin B17; Amygdalin). It was 
given at a dose of 300 mg/kg bodyweight daily by 
oral tube [24]. 

Eighty young adult male albino rats, weighing 
between 160 and 180 g were obtained from Theo-
dor Bilharz Institute’s animal house, El-Warraq, Giza, 
Egypt. They were fed standard diet. Ethical approval 
was obtained from the animal house of Theodor 
Bilharz Institute. Animals were divided into five main 
groups:  

 — Group I (control group): this group consisted of 
10 male albino rats; they were subdivided into 
subgroup Ia: consisted of 5 rats; they were kept 
without any treatment until the end of the study; 
subgroup Ib: consisted of 5 rats, they received  
1 mM EDTA intra-peritoneal once weekly until the 
end of the study;

 — Group II (vitamin B17 group): consisted of 10 rats, 
they received the calculated dose of vitamin B17 
orally daily for 5 weeks;

 — Group III (colon cancer [CC] induced group): con-
sisted of 20 rats, received the calculated dose of 
DMH IP once weekly for 5 weeks;

 — Group IV (protected group): consisted of 20 rats; 
received first the calculated dose of vitamin B17 
orally daily for 5 weeks then colon cancer was 
induced for the following 5 weeks;

 — Group V (treated group): consisted of 20 rats; 
colon cancer was induced first with DMH injection 
by the dose mentioned above for 5 weeks, and 
then received the calculated dose of vitamin B17 
for 5 consecutive weeks.
All rats were then sacrificed after 10 weeks.

Clinical assessment

Initial and final weights were recorded [11]; blood 
samples were taken for assessment of carcino-embry-
onic antigen (CEA) levels [12, 26].

Light microscopic study

A small piece of the distal colon and lumbar ver-
tebrae (cleaned of all soft tissue) were fixed for 24 
hours in 10% neutral buffered formalin then dehy-
drated in ascending grades of alcohol, cleared and 
embedded in paraffin. After deparaffinizing, the 3–5 
microns thick tissue sections were cut by microtome 
and were subjected to: haematoxylin and eosin (H&E) 
staining for routine histological examination, Masson 
trichome staining (for colon sections) for detection 
of collagen fibre deposition, toluidine blue (for bone 
sections) for assessment of bone mineralisation and 
immunohistochemical stains for colon sections (Ki-67 
[marker of proliferation and detecting the mitotic 
activity], cytokeratin 20 [CK20 for detecting adeno-
carcinoma arising from epithelia that normally con-
tain this protein], vascular endothelial growth factor 
[VEGF for detecting angiogenesis], and Caudal Type 
Homeobox 2 [CDx2 protein involved in the prolifer-
ation and differentiation of intestinal epithelial cells 
via regulation of intestine-specific gene transcription 
with a tumour suppressor role]). 

Scanning electron microscopic (SEM) study 

Samples from distal colon were subjected to 
post-fixation in 2% osmium tetroxide for 2 hours. They 
were then washed in distilled water for 5 minutes and 
passed through a series of graded acetones to achieve 
dehydration. Critical point drying was carried out with 
liquid carbon dioxide. The specimens were mounted 
on aluminium slabs using silver conductive paint and 
gold palladium sputter coating was achieved using  
a Polaron E5100 sputter coating instrument. The bi-
opsies were examined by a SEM (JEOL JSM35) at an 
acceleration voltage of 20 kV at electron microscopy 
unit at Faculty of Medicine, Tanta University [14].

Morphometric study

Haematoxylin and eosin stain (colon sections): 
goblet cells number and Mitotic index, H&E stain 
(bone sections): number of bone resorption pits, 
Masson trichome stain: percentage of surface area 
of collagen fibre deposition, toluidine blue stain: 
colour intensity and immune-stains: percentage of 
Ki-67 immuno-positive nuclei, percentage of CK20 
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immuno-positive nuclei, area percentage of VEGF 
and percentage of surface area of CDx2 positive im-
mune-staining in all groups by using image analyser 
software (Image J analyser version 1.43o8, National 
Institutes of Health, USA and Digimizer version 4.3.5, 
MedCalc software). This was done in the Anatomy 
and Embryology Department, Menoufia University.

statistical analysis 

Statistical analysis was performed for the initial 
and final weights, CEA and for the morphometric 
results. Results were collected, tabulated and statisti-
cally analysed by statistical package for social science 
(SPSS) version 20 on IBM compatible computer. Results 
were expressed as mean (X) ± standard deviation 
(SD). Student t-test (a test for significance comparing 
two groups) was performed [6]. A value of p < 0.05 
was considered significant. Ten rats were used for 
each [15].

RESULTS
General results

Both CC induced group and the treated group 
showed decreased physical activity when compared 
to the control group. 20% and 30% mortality was 
recorded for the CC induced group and the treated 
group, respectively.

Body weight

Figure 1 shows the body weight changes among 
the studied groups. Both CC induced group and the 
treated group showed significant (p < 0.001) de-
crease in their final body weight when compared 
to their initial ones. The protected group showed 
a non-significant decrease (p > 0.05) in their final 
weight when compared to their initial one. 

Biochemical results

Figure 2 shows the CEA level among the studied 
groups. Compared to the control group, animals of 
the CC induced group showed a statistically significant 
increase (p < 0.001) in their CEA level. The protected 
group showed a non-significant increase (p > 0.05) in 
its level. The treated one showed a significant increase 
(p < 0.001) in the serum CEA concentration.

Histological results

All sections of both control and vitamin B17 groups 
showed nearly similar histological features with no 
statistically significant differences between them.

Light microscopic study

H&E stain

Colon sections. The colonic tissue of control group 
consisted of: the innermost layer is the mucosa, under-
neath there is the submucosa, followed by the mus-
cularis propria and finally, the outermost layer — the 
adventitia. The structure of these layers varies, in differ-
ent regions of the digestive system, depending on their 
function. The mucosa showed parallel straight crypts 
(colonic glands or acini) extending to the muscularis 
mucosa and separated by the lamina propria. The lining 
epithelium was composed of principle simple columnar 
epithelial cells with oval vesicular nuclei and mucous se-
creting goblet flask-shaped cells with basal dense nuclei. 
CC induced group (group III) showed disrupted mucosal 

Figure 1. Mean initial and final body weight of all rats (in grams); 
*, **Significant increase (p < 0.05 and p < 0.001, respectively) 
from the initial body weight; ♦♦Significant decrease (p < 0.001) 
from the initial body weight.

300

250

200

150

100

50

0

Groups

W
eig

ht
 [g

]

* **

¨ ¨ ¨ ¨

I IIIII IV V

Initial weight

Final weight

Figure 2. Mean serum carcino-embryonic antigen (CEA) concen-
tration in all groups (ng/mL); **Significant increase compared with 
the control group (p < 0.0001); ••Significant decrease compared 
with the colon cancer induced group (p < 0.0001); ◦◦Significant 
increase compared with the protected group (p < 0.0001).

Control

B17

Colon cancer

Protected

Treated

4

3

2

1

0

Groups

C
EA

 [
ng

/m
L]

** °°

··

I IIIII IV V



161

W. Badr El-Kholy et al., Effect of vitamin B17 on colon cancer model

continuity with abnormal sloughing and extrusion of the 
necrotic debris into the colonic lumen, invasion of the 
colonic tissue by pleomorphic branching colonic glands 
of variable shapes and sizes. The abnormal glands were 
lined with dysplastic elongated hyperchromatic nuclei 
with an extremely significant (p < 0.0001) increase in 
the number of mitotic figures or stratified multi-lay-
ered crowded nuclei with an extremely significant  
(p < 0.0001) reduction of goblet cell number when 
compared to the control. Group IV showed preserva-
tion of the normal colonic architecture of the mucosa 
which appeared with preserved continuity. Most of 
the lining epithelial cells appeared with oval vesicu-
lar euchromatic nuclei; however, few lining epithelial 
cells showed mild to moderate dysplasia with elon-
gated hyperchromatic nuclei. Some disruption of the 
muscularis mucosa with congested blood vessels in 
the sub-mucosa was evident. This group showed an 
extremely significant (p < 0.0001) decrease in the 
mitotic index and an extremely significant increase  
(p < 0.0001) in the goblet cell percentage when com-
pared to the CC group. Group V showed more or less 
distorted colonic architecture with extensive sloughing 
of the abnormal mucosa into the lumen. The lining ep-
ithelial cells showed elongated hyperchromatic nuclei 
and a non-significant decrease in number of mitotic 
figures when compared to CC group. An extremely 
significant (p < 0.0001) reduction of goblet cell num-
ber was clearly evident. The muscularis mucosa layer 
was disrupted and the submucosa showed congested 
dilated blood vessel (Figs. 3–6).

Lumbar vertebra sections. The bone tissue con-
trol group showed regular well-organised parallel 
arrangement of the bone lamellae. The osteocytes 
within the bone matrix were resident inside their 
lacunae. The bone marrow space was filled with 
haematopoietic cells and scattered adipocytes. CC 
induced group showed an extremely significant in-
crease (p < 0.0001) in bone resorption pits in the 
vicinity of multi-nucleated osteoclasts. The osteocytes 
appeared with wide lacunae. The bone lamellae lost 
their parallel well-organised arrangement with areas 
of sub-periosteal bone necrosis. The bone marrow 
spaces were widened and invaded by tumour cell 
nests with signet ring cells. The protected group re-
vealed more or less preserved parallel arrangement of 
bone lamellae with an extremely significant decrease  
(p < 0.0001) in number of bone resorption pits com-
pared to the CC group, together with presence of 
several multi-nucleated osteoclasts. The treated group 

showed tumour cell nests invading the bone marrow 
space and surrounding the destructed trabecular bone 
that showed a non-significant decrease (p > 0.05) of 
bone resorption pits number compared to CC group, 
with multi-nucleated osteoclasts (Figs. 7, 8).

special stains

Masson trichome stain. When compared with 
the control group, CC induced group showed an 
extremely significant increase (p < 0.0001) in the 
surface area percentage of collagen fibre deposition. 
The protected group showed an extremely significant 
decrease (p < 0.0001) in the same percentage when 
compared to the CC group. When compared to the CC 
group, the treated group showed no statistically sig-
nificant difference (p > 0.05) of the same percentage. 
When compared to the protected group, the treat-
ed group showed an extremely significant increase  
(p < 0.0001) in this percentage (Fig. 9).

Figure 3. Mean Goblet cells percentage in all groups; **Significant 
decrease compared with the control group (p < 0.0001);  
••Significant increase compared with the colon cancer induced 
group (p < 0.0001); ◦◦Significant decrease compared with the  
protected group (p < 0.0001).

Figure 4. Mean mitotic index in all groups; **Significant increase 
compared with the control group (p < 0.0001); ••Significant  
decrease compared with the colon cancer induced group  
(p < 0.0001); ◦◦Significant increase compared with the protected 
group (p < 0.0001). Mitotic index = Number of mitotic  
figures × 100 / Number of all evaluated cells.
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Toluidine blue stain. When compared with the 
control group, CC group showed an extremely sig-
nificant decrease (p < 0.0001) in the toluidine blue 
colour intensity. The protected group showed a very 
significant increase (p < 0.001) in the same percentage 
when compared to the CC induced group. The treated 
group showed a non-significant decrease (p > 0.05) 
in toluidine blue colour intensity when compared to 
the CC group, while showed an extremely significant 
decrease (p < 0.0001) in toluidine blue colour inten-
sity when compared to the protected group (Fig. 10).

Immuno-stains. Control group showed nega-
tive immune-staining for Ki-67, VEGF, mild positive 
immune-staining for CK20 and marked positive im-
mune-staining for CDx2. CC group showed strong 
positive immune-staining for Ki-67, VEGF and CK20, 

while showed negative immune-staining for CDx2. 
The protected group showed mild to moderate posi-
tive reactions for all immune-stains. The treated group 
showed marked positive immune-reaction for Ki-67, 
VEGF and CK20, while showed negative reaction to 
CDx2 (Figs. 11, 12).

SEM study

The control group revealed that the colonic surface 
mucosa was composed of rounded to oval well-ar-
ranged cryptal units. Each unit was covered with 
concentrically arranged epithelial cells with a central 
rounded lumen. The crypts were well-delineated by 
furrows. The cryptal units were loaded with mucous 
secretion. The CC group showed total loss of the epi-
thelial cells covering the crypts. Moreover, necrotic areas 

Figure 5. A photomicrograph of colon 
section in all experimental groups (H&E, 
×40); A. Control group: mucosa (M) 
with parallel colonic crypts (encircled), 
submucosa (Sm) and musculosa (Ms); 
B, C. Colon cancer induced group: 
disrupted mucosal continuity (curved 
arrows) with abnormal sloughed tissue 
extruded into the lumen (thin arrow);  
C. Severely distorted colonic architec-
ture with complete morphological loss 
of the mucosa and submucosa (arrows). 
Necrotic debris filling the colonic lumen 
(N); D. Protected group: preservation 
of normal mucosal continuity (M). The 
submucosa (Sm) and musculosa (Ms) 
layers appear more or less normal;  
E. Treated group: more or less distorted 
architecture. The mucosa and sub-mu-
cosa are infiltrated by irregular crowded 
colonic glands (asterisks). Sloughing 
of the crypts into the colonic lumen 
(encircled).
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Figure 6. A photomicrograph of colon 
section in all groups (H&E, ×400);  
A. Control group: normal parallel colonic 
glands lined by simple columnar epithe-
lial cells with oval vesicular nucleus (ar-
rows) and mucous secreting goblet cells 
(G) with basal flat nuclei. Lamina propria 
(LP). Muscularis mucosa (bracket). 
Submucosa (Sm); B, C, D. Colon cancer 
group: the atypical crypts lined with 
epithelial cells with elongated crowded 
hyperchromatic nuclei (arrows); C. Atyp-
ical colonic glands (encircled) invading 
the muscularis mucosa layer (double 
headed arrows) reaching the submu-
cosa (Sm). Some nuclei show frequent 
mitotic figures (thin arrow); D. Abnormal 
pleomorphic colonic gland (thin arrow) 
lined with stratified multi-layered hyper-
chromatic crowded nuclei invading the 
musculosa layer (asterisks); E. Protected 
group: the majority of the crypts appear 
more or less normal. One abnormal 
shape crypt (curved arrow). Disrupted 
muscularis mucosa layer (double head-
ed arrow). Asymmetrical appearance 
of muscularis mucosa (brackets). 
Congested dilated blood vessel in the 
submucosa (asterisk); F. Treated group: 
abnormal glands (encircled) invading 
a disorganised muscularis mucosa 
layer (double headed arrow). The lining 
epithelial cells possess either elongated 
hyperchromatic nuclei (curved arrows) 
or frequent mitotic figures (thin arrows). 
Congested dilated blood vessel in the 
submucosa (asterisk).

of the surface mucosa were clearly evident. The surface 
mucosa was depleted of mucous secretion. The pro-
tected group showed more or less normal crypt units 
bathed with mucous secretion with preserved both 
covering epithelium and central lumen. However, some 
sections showed few abnormal crypts which lost their 
covering epithelium. The cryptal units of the treated 
group showed loss of their covering epithelium, others 
showed obliteration of the central lumen. Necrotic are-
as of the surface mucosa were clearly evident (Fig. 13).

DISCUSSION
With the increasing incidence of colon cancer 

worldwide with its very high morbidity and mortality 
rates and poor prognosis, several attempts were done 
to convert it to a preventable disease [5, 11]. Vitamin 
B17 (Amygdalin), as a natural substance, may have 

anti-inflammatory and anti-cancerous effects. The 
role of vitamin B17 in treating colon cancer is still 
a matter of controversy. In this study, the elevated 
serum CEA levels of the colon cancer induced group 
judged the occurrence of colon cancer which was 
further supported by the highly significant reduction 
in the final body weight of this group when compared 
to the initial one. Furthermore, colon cancer was ev-
idenced by the major pathological lesions affecting 
the colon; this was in accordance with Moharib et al. 
[15]. In the current work, the earliest hallmark for co-
lon cancer was the presence of hyperplastic aberrant 
crypt foci which are abnormal crypts diverging from 
the normal shape. This was in agreement with Youssef 
et al. [28]. Hyperplasia of the crypts was further evi-
denced in this study by the SEM results that showed 
hyperplastic elevated crypts’ epithelial covering. This 
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was supported by Paulsen et al. [20]. Sanganna and 
Kulkarni [21] stated that hyperplasia might be due 
to the oxidative stress involved in the process of tu-
mour development. This mechanism might explain 
the highly significant increase in the mitotic index 
of this group when compared to control as shown 
in our results. Furthermore, in the present work, the 
CC induced group showed intense positive immuno-
reaction for Ki-67 which might prove the enhanced 
proliferative activity. All degrees of dysplasia have 
been reached; mild, moderate and severe dysplasia 
with finally the anaplasia or the carcinoma stage. This 
was in agreement with Jucaa et al. [11] who used the 
same methodology for completion of experimental 
carcinogenesis by DMH. Colon cancer group in this 

Figure 7. A photomicrograph of lumbar 
vertebrae section in all groups (H&E, 
×400); A. Control group: regular 
well-organised parallel arrangement 
of the bone lamallea (double headed 
arrows). Osteocytes inside their lacunae 
(thin arrows). The bone marrow spaces 
can be seen with large vacuolated adi-
pocytes (asterisk) and haematopoietic 
cells (curved arrow); B. Colon cancer 
group: multinucleated osteoclasts (thick 
arrows) at the site of bone scalloping 
(curved arrow). Osteocytes with wide 
lacunae (thin arrows). Invasion of the 
bone marrow spaces by tumour cell nest 
with signet ring cells (notched arrows); 
C. Protected group: more or less pre-
served arrangement of the bone lamellae 
(double headed arrows). Multi-nucleated 
osteoclasts (thick arrows). Widening of 
the osteocytes’ lacunae (thin arrows);  
D. Treated group: distorted arrangement 
of the bone lamellae (double headed 
arrows). Tumour cell nests (encircled) 
invading destructed bone trabeculae  
(asterisks). Multi-nucleated osteoclast 
(thick arrows). Area of bone necrosis (N).

Figure 8. Mean number of bone resorption pits; **Significant in-
crease compared with the control group (p < 0.0001);  
••Significant decrease compared with the colon cancer induced 
group (p < 0.0001); ◦◦Significant increase compared with  
the protected group (p < 0.0001).
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study showed strong positive immune-reaction for 
CK20; which emphasized reaching the adenocarci-
noma stage; this was in accordance with Nabil et al. 
[16]. In the present study, CC induced group showed 
a highly significant decrease in the number of Gob-
let cells or their complete absence. This was further 
evidenced by our SEM study which revealed absence 
of the mucous secretion in this group. In this study, 
CC group showed a highly significant increase in 
the percentage of collagen fibre deposition. Fibrosis 
might suggest the presence of chronic inflammation, 
thus chronic exposure of fibroblasts to inflammato-
ry mediators may drive their transition to activated 
myofibroblasts with consequent abnormal collagen 
production. Colon cancer induced group showed 
highly significant decrease in the percentage of CDx2 
positively stained surface area; this was in agree-

ment with Sangeetha and Nalini [22]. In the current 
study, angiogenesis (formation of new capillaries 
from pre-existing blood vessels) as one of the most 
leading factors to develop bone metastasis has been 
proved as CC group showed strong positive expres-
sion of VEGF. Lumbar spine was the site of choice to 
assess the possibility of bone metastasis. This was 
in accordance with Jimi et al. [10], who postulated 
that the lumbar spine, followed by the pelvis were 
the most common sites of bone metastasis in colon 
cancer (62.16–55.40%, respectively). Cassar et al. [3] 
attributed vertebral metastasis from colon cancer to  
a vertebral venous plexus named Baston’s plexus 
which was considered to be the main source of 
spreading. In the present study, bone metastasis 
was evident due to presence of multiple osteolytic 
lesions and resorption pits. Increased activity of the 

Figure 9. Photomicrographs of Masson 
trichome stained colon sections of all 
groups (×400); A. Control group: mini-
mal amount of collagen fibre deposition 
(arrows); B. Colon cancer induced 
group: large amount of collagen fibre 
deposition (arrows and asterisks); 
C. Protected group: small amount of 
collagen deposition (thick and thin ar-
rows); D. Treated group: large amount 
of collagen fibre deposition (arrows and 
asterisks); E. Foote notes: **Significant 
increase compared with the control 
group (p < 0.0001); ••Significant  
decrease compared with the CC group 
(p < 0.0001); ◦◦Significant increase 
compared with the protected group  
(p < 0.0001).

50

40

30

20

10

0

Groups

C
ol

la
ge

n 
ar

ea
 [

%
] ** °°

··

I IIIII IV V

Control
B17
Colon cancer
Protected
Treated



166

Folia Morphol., 2021, Vol. 80, No. 1

osteoclasts revealed the presence of osteolytic type of 
bone metastasis. This was in accordance with Macedo 
et al. [13]. The presence of tumour cell nests inside 
the bone marrow cavity emphasized the metastasis. 
These results were in line with Vatandoust et al. [27] 
who reported that signet ring cell stage of colon can-
cer had a high rate of bone osteolytic metastasis. In 
the current work, when compared to the CC group, 
the protected group showed nearly normal physical 
activity, average food intake, a non-significant differ-
ence between their final body weight and their initial 
one. No deaths occurred among this group, marvel-
lous regenerative changes proved by the significant 
improvement in serum CEA level and the impressive 
improvement of the disrupted histology that ap-
peared very close to reach the normal appearance. 

On the contrary, the treated group did not show any 
impressive improvement compared with CC induced 
and protected groups. The present study showed 
significant decrease in collagen fibre deposition of 
the protected group when compared to the treated 
one. This might suggest the anti-fibrotic action of 
vitamin B17. This could be explained as vitamin B17 
caused regression of inflammation with subsequent 
regressed fibrosis. This was in accordance with Bot-
tinger and Bitzer [1] who reported that vitamin B17 
might enhance serum butyrate concentration which 
caused suppression of pro-fibrotic cytokine trans-
forming growth factor beta 1 (TGF-β1). Moreover, 
Guo et al. [8] studied the effect of amygdalin in sup-
pressing kidney fibroblast proliferation and TGF-β1 
secretion in the lymphocytes and thus was able to 

Figure 10. Photomicrographs of tolu-
idine blue stained lumbar vertebral 
sections of all groups (×400); A. Control 
group: dark blue staining of the bone 
sections; B. Colon cancer group: faint 
blue staining of the bone sections;  
C. Protected group: average blue stain-
ing of the bone sections; D. Treated 
group: pale blue staining of the bone 
sections; E. Foote notes: **Significant 
decrease compared with the control 
group (p < 0.0001); •Significant  
increase compared with the colon  
cancer induced group (p < 0.05);  
◦◦Significant decrease compared with 
the protected group (p < 0.0001).
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significantly postpone the process of renal interstitial 

fibrosis, which further proved the anti-fibrotic effect 

of Amygdalin. Furthermore, they hypothesized that 

the mechanisms which might be involved include 

increasing the secretion of type I collagenase, inhib-

iting kidney fibroblast proliferation, accelerating ap-

optosis and suppressing type I collagen synthesis. In 

the present study, the protected group showed mild 

positive immunoreaction for Ki-67 which might prove 

the inhibition of proliferative activity. This finding was 

in agreement with Park et al. [19]. The mechanisms 

of vitamin B17 in defeating cancer cells were uncer-

tain; however, Cassiem and De-Kock [4] performed  

a very recent study on vitamin B17’s anti-cancer role. 

Being selective for destructing cancer cells which lack 

rhodanese enzyme, vitamin B17 exerts its anti-oxidant 

Figure 11. Photomicrographs of im-
muno-stained colon sections of all 
groups (×400); Control and vitamin 
B17 groups: negative immune-staining 
for Ki-67, CK20, VEGF and positive for 
CDx2. CC induced group: strong positive 
immune-staining for Ki-67, CK20, VEGF 
and negative for CDx2; Protected group: 
mild to moderate immune-reaction for 
all immune-stains; Treated group: strong 
positive immune-staining for Ki-67, CK20 
and VEGF, but negative reaction to CDx2 
immuno-stain; S — stain; G — group; 
rest abbreviations — see text.
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Figure 12. Mean area percentage of immune-positive nuclei (%)  
in all groups: **Significant increase (p < 0.0001) compared with 
the control group (for Ki-67, CK20 and VEGF) and significant  
decrease (p < 0.0001) compared with the control group for CDx2; 
••Significant decrease compared with the colon cancer group for 
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cancer group for CDx2 (p < 0.0001); ◦◦Significant increase from 
compared with the protected group for Ki-67, CK20 and VEGF and 
significant decrease from protected group for CDx2 (p < 0.0001); 
abbreviations — see text.
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action. Normal cells do have the rhodanese enzyme 
which neutralizes vitamin B17 converting it to a harm-
less compound; thiocyanate. Meanwhile, cancer cells 
lack rhodanese enzyme, so cyanide radical is liberated. 
Moreover, Song and Xu [24] added that Amygdalin 
could significantly increase polyhydroxyalkanoates 
that induced human peripheral blood T lymphocyte 
proliferation with secretion of interleukin 2 and in-
terferon gamma, and then inhibiting the secretion of 
TGF-β1, therefore enhancing the immune function. 
In the current work, treatment of colon cancer with 
vitamin B17 did not either induce improvement or 
reversal of the pathological changes that occurred. 
This might be due to the progressive and irreversi-
ble uncontrolled progressive cancer cell division and 

bone metastasis. Ki-67, CK20 and VEGF all showed 
intense positive immunostaining when compared to 
the control group.

CONCLUSIONS
Our findings revealed that daily intake of vitamin 

B17 may play an important role as a chemo-preven-
tive, anti-cancer, anti-inflammatory, anti-fibrotic and 
anti-oxidant agent. Furthermore, this study proved 
the uselessness of vitamin B17 in curing colon cancer.
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Figure 13. Scanning electron micro-
graphs of colon sections of all groups 
(SEM, ×350); A. Control group: rounded 
to oval crypt units (encircled) covered 
with concentrically arranged epithelial 
cells, each unit is demarcated by a 
furrow (thick arrow) with a lumen at the 
centre (asterisk). Mucous secretion can 
be noticed (thin arrows); B. Colon can-
cer induced group: elevated crypt units 
with hyperplasia (arrows); C. Colon can-
cer group: crypts with narrowed slit like 
lumen (thick arrows); others show wide 
crypt lumen with total loss of the cells 
covering the crypts (thin arrows).  
A necrotic area can be observed (asterisk);  
D. Protected group: some crypts appear 
more or less normal (curved arrows); 
others show complete loss of their 
covering cells (thick arrow); E. Treated 
group: crypts with obliterated lumen 
(curved arrows); others show total 
loss of their covering epithelium (thick 
arrow). A large necrotic area can be 
noticed (asterisk).
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Background: There is no previously reported information on the applied anatomy 
and clinical significance of the maxillofacial and mandibular regions of the barking 
deer and sambar deer. 
Materials and methods: Therefore, the present study was designed to provide some 
important clinical landmarks related to tracking of the infraorbital, mental and man-
dibular nerves with its clinical implications in regional anaesthesia in both the species. 
Results: In the present study, the distance between the most lateral bulging of the 
facial tuberosity to the infraorbital foramen and from the latter to the root of the 
alveolar tooth directly ventral to it was found to be 2.65 ± 0.01 cm and 0.90 ±  
± 0.02 cm in males; 2.75 ± 0.01 cm, 1.11 ± 0.01 cm in females of barking deer and  
4.57 ± 0.01 cm and 1.83 ± 0.02 cm in males; 4.52 ± 0.02 cm and 1.76 ± 0.02 cm in  
females of sambar deer. The infraorbital foramen was small, elliptical and was located 
at the level of first superior premolar teeth in barking deer and sambar deer. The 
facial tuberosity was located above the third superior premolar teeth in the barking 
deer but was located at the level of the first superior molar teeth in sambar deer. 
The distance between the lateral alveolar root of the third inferior incisor tooth to 
the mental foramen was 2.84 ± 0.01 cm in males, 2.78 ± 0.01 cm in females of 
barking deer and 3.04 ± 0.02 cm in males, 2.96 ± 0.01 cm in females of sambar 
deer which is an important landmark for achieving the location of the mental foramen 
nerve for the regional nerve block in both the species. The mandible of both the 
species showed oval-shaped mental foramen with unossified mandibular symphysis. 
Conclusions: The present study revealed that most of the parameters showed  
a statistically significant difference between the sexes in barking deer and sambar 
deer; however, from the practical point of view, these differences were meager. 
The results were discussed with regard to their clinical applications in various 
regional anaesthesia performed in maxillofacial and mandibular regions of both 
the species. (Folia Morphol 2021; 80, 1: 170–176)

Key words: barking deer, sambar deer, infraorbital, mental, mandibular, 
nerve, regional anaesthesia

https://orcid.org/0000-0001-6929-675X
https://orcid.org/0000-0003-4039-0157


171

K. Keneisenuo et al., Applied anatomy of the head region of barking deer and sambar deer

INTRODUCTION
The barking deer (Muntiacus muntjak) is a cervid 

species deer native to South and Southeast Asia that 
has been listed as ‘least concern’ on the International 
Union for the Conservation of Nature (IUCN) red list 
[32]. They are relatively small tropical deer that have 
a solitary lifestyle [21] and wide natural distribution, 
ranging throughout the large parts of South-east Asia 
[24]. The males have short antlers protruding from 
long body hair-covered pedicles above the eyes, while 
females have small bony knobs. Males have preorbital 
glands which are larger than in females [2] and they 
use these glands to mark the ground [1, 3].

The sambar deer (Rusa unicolor) is a large deer of 
cervid species native to the Indian subcontinent, South-
ern China and Southeast Asia, that has been listed as 
‘vulnerable’ by the IUCN red list since 2008 due to 
decrease in their population year by year [20, 33]. The 
males have rugged antlers having simple brow tines 
along with forked beams at its tip and are dropped an-
nually. The barking and sambar deer are protected under 
Schedule III of the Indian Wildlife Protection Act, 1972.

The regional anatomy is the important branch of 
anatomy that deals with the form and relationships 
of various anatomic structures present in a specific 
area. It is one of the major foundations of clinical and 
surgical practice as it enables the clinician/surgeon 
to visualise the details of the structures relevant to 
the case at hand [12]. The knowledge of the regional 
anatomy of the head is crucial due to the presence 
of the vital organs and structures such as the brain, 
tongue, eye, ears, nose, lips, horn and skull. Due to 
the presence of these structures, the function of the 
head is to coordinate the body, deglutition, olfaction 
and defence [12]. Numerous investigations have been 
done on the regional anatomy of the head region of 
the domestic and wild animals including ox, horse, 
sheep, goat, dog, pig and camel [4–6, 12, 15, 26, 28].

The relationship and forms of all organs that are 
located in a particular area are directly concerned 
with regional anatomy helping the clinician as well as 
surgeon to visualise details of the structures relevant 
to the case at hand and form one of the important 
foundations for clinical and surgical practice [12]. It 
has been reported previously that the infraorbital 
nerve and mental nerve pass from the infraorbital 
foramen and mental foramen, respectively [13, 14]. 
In an emergency situation that requires surgical inter-
vention, it is very easy to locate this region as a topo-
graphical landmark for quick and easy anaesthesia 

to block the infraorbital and mental nerve. Knowing 
the topographic and morphometric anatomy of the 
infraorbital and mental foramen provides simplicity 
in veterinary surgery during an emergency [12, 27]. 

There is no previously reported information on 
the applied anatomy and clinical significance of the 
maxillofacial and mandibular region of barking deer 
and sambar deer. Therefore, the present study has been 
carried out to provide information on some clinically 
important parameters and landmarks on the maxillo-
facial and mandibular region in both the species. Thus, 
the results shown in this study will aid the clinicians 
in the implication of regional anaesthesia in the max-
illofacial and mandibular regions in both the species.

MATERIALS AND METHODS
The study was conducted on the maxillofacial and 

mandibular regions of eight adult barking deer and 
sambar deer of either sex. The skull samples were 
collected from the Aizawl Zoological park, Aizawl, Mi-
zoram after taking official permission from the Prin-
cipal Chief Conservator of Forest and Chief Wildlife 
Warden, Government of Mizoram, Aizawl vide letter 
no. A. 33011/5/2017-CWLW/91 dated 15.03.2019. 
After collection, the samples were processed by the 
hot water maceration technique. The present study 
was carried out in the Department of Veterinary Anat-
omy and Histology, College of Veterinary Sciences 
and Animal Husbandry, Selesih, Aizawl, Mizoram and 
Interpretation Centre, Aizawl Zoological Park, Aizawl, 
Mizoram. The radiograph of the mandible was car-
ried out by the Siemens X-Ray machine (500 mA) at 
Diagnostic Division Radiology and Imaging, Mizoram 
Health Care, Aizawl, Mizoram.

Altogether a total of eleven measurements were 
taken in the upper jaw and mandibles of both the 
species by using digital vernier calliper (Resolution 
0.01 mm or 0.0005 inches: Accuracy ± 0.03 mm) 
and the results were expressed as mean ± standard 
deviation (SD). The parameters taken in maxillofacial 
and mandibular regions are delineated below and 
revealed in Figures 1–3.
A. Facial tuberosity to the infraorbital foramen: 

It was measured from the level of most lateral 
bulging of facial tuberosity to mid-level of the 
infraorbital foramen.

B. Infraorbital foramen to root of alveolar tooth: It 
was measured from the mid-level of the infraor-
bital foramen to the alveolar root of the superior 
first premolar tooth.
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C. Lateral alveolar root to mental foramen: It was 
measured from the lateral extent of the alveolar 
root of the third inferior incisor tooth to the 
mental foramen.

D. Mental foramen to the caudal mandibular border: 
It was measured from the level of the mental 
foramen to caudal border of the ramus of the 
mandible.

E. Mandibular length: It was measured from the 
level of the rostral extremity of the alveolar root 
of the central inferior incisor tooth to the trans-
versal plane at the level of the caudal border of 
the mandible.

F. Mandibular foramen to the horizontal plane at 
the level of the ventral margin of the mandible: 
It was measured from the ventral limit of the 
mandibular foramen to the horizontal plane at 
the level of the ventral margin of the mandible.

G. Caudal border of the mandible to below mandib-
ular foramen: It was measured from the caudal 
most border of the mandible to the vertical line 
produced by a description of measurement of 
mandibular foramen to the ventral margin of 
the mandible.

H. Condylar process to the height of mandible: It 
was measured from the condylar process to the 
maximum height of the mandible.

I. Maximum mandibular height: It was measured 
from the highest level of the coronoid process 
perpendicularly to the ventral mandibular margin 
of the mandible.

J. Condylar process to the ventral margin of the 
mandible.

K. Mandibular angle to mandibular foramen: It was 
measured from the extreme caudal border of 
angle of the mandible to mandibular foramen.

statistical analysis

All the above parameters of the maxillofacial 
and mandibular regions of barking deer and sambar 
deer were obtained. All the measurements obtained 
were analysed by routine statistical analysis [30] 
and Student “t” test by the Statistical Package 
for the Social Sciences (IBM, SPSS, 20.0 version) 
programme.

RESULTS
The infraorbital foramen, mandibular foramen and 

mental foramen on the medial and lateral surface of 
the maxillofacial and mandibular regions are shown 

Figure 1. Lateral view of the skull of sambar deer showing facial 
tuberosity to infraorbital foramen (A) and infraorbital foramen to 
root of the superior first premolar tooth (B).

Figure 2. Lateral view of the mandible of sambar deer showing 
measurements; lateral alveolar root of inferior third incisor tooth 
to mental foramen (C), mental foramen to the caudal mandibular 
border (D) and mandibular length (E).

Figure 3. Medial view of mandible of sambar deer showing meas-
urements; mandibular foramen to the horizontal plane at the level of 
the ventral margin of the mandible (F), below mandibular foramen 
to caudal mandibular border (G), maximum height of mandible to 
the condylar process (H), maximum mandibular height (I), condylar 
process to the ventral margin of the mandible (J) and mandibular 
foramen to the border of mandibular angle (K).
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in Figures 4, 5. The measurement points taken to de-
termine the topographic and morphometric location 
of the mental foramen are shown in Figures 2, 3.  
In the present study, the infraorbital foramen was 
small, elliptical and was located at the level of first 
superior premolar tooth in barking deer and sambar 
deer (Figs. 1, 4). The alveolar border of mandible 
presented 6 alveoli for the 3 superior premolar and 
3 superior molar teeth. The facial tuberosity was 
located dorsally to the third superior premolar tooth 
in barking deer but was at the first superior molar 
tooth in sambar deer. The preorbital fossa was wide 
and deep in both the species with upper canine teeth 
on the maxilla. The mandible of both the species 
showed oval mental foramen with unossified man-
dibular symphysis. The results of the measurements 
are listed in Table 1.

The present study revealed that all the obtained 
parameters differed statistically significantly (p < 0.01 
and p < 0.05) between the males and females of 
barking deer and sambar deer respectively; however, 
from the practical point of view, these differences 
were meager.

DISCUSSION
In the present study, facial tuberosity of barking 

deer was located above the third superior premolar 
tooth which has also been reported in ox [13], chital 
[18] and blackbuck [9], while it was located at the 
level of first superior molar tooth in sambar deer. 
However, the facial tuberosity of the Madras Red 
sheep was prominent and placed at the level of 5th 
cheek tooth (second superior molar tooth) [31]. The 
distance between the most lateral bulging of the 

Table 1. The measurements of the maxillofacial and mandibular region in barking deer and sambar deer in centimetres  
(mean ± standard deviation)

Parameters# Barking deer P Sambar deer P

Male Female Male Female

A 2.65 ± 0.01 2.75 ± 0.01 < 0.01** 4.57 ± 0.01 4.52 ± 0.02 < 0.05*

B 0.90 ± 0.02 1.11 ± 0.01 < 0.01** 1.83 ± 0.02 1.76 ± 0.02 < 0.01**

C 2.84 ± 0.01 2.78 ± 0.01 < 0.01** 3.04 ± 0.02 2.96 ± 0.01 < 0.01**

D 12.87 ± 0.01 14.46 ± 0.02 < 0.01** 23.66 ± 0.01 23.59 ± 0.01 < 0.01**

E 15.77 ± 0.01 17.27 ± 0.02 < 0.01** 28.10 ± 0.01 27.96 ± 0.01 < 0.01**

F 2.49 ± 0.01 2.39 ± 0.02 < 0.01** 5.17 ± 0.01 5.10 ± 0.02 < 0.01**

G 2.15 ± 0.01 2.09 ± 0.01 < 0.01** 3.80 ± 0.01 3.71 ± 0.01 < 0.01**

H 2.89 ± 0.01 2.79 ± 0.01 < 0.01** 5.29 ± 0.01 5.21 ± 0.01 < 0.01**

I 7.88 ± 0.01 7.78 ± 0.02 < 0.01** 15.96 ± 0.01 15.78 ± 0.02 < 0.01**

J 4.89 ± 0.01 4.39 ± 0.01 < 0.01** 10.60 ± 0.01 10.50 ± 0.01 < 0.01**

K 2.49 ± 0.03 2.39 ± 0.02 < 0.01** 5.16 ± 0.02 5.11 ± 0.01 < 0.01**

#As mentioned in alphabetical order in materials and method. Level of significance at 5%; *Significant (p < 0.05); **Highly significant (p < 0.01).

Figure 4. Lateral view of the skull of barking deer showing facial 
tuberosity (A); root of the superior first premolar tooth (B) and  
infraorbital foramen (C).

Figure 5. Mediolateral radiographical view of the mandible of bark-
ing deer showing mandibular foramen (A), mandibular foramen (B), 
mental foramen (C) and root of the lateral alveolar tooth (D). 
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facial tuberosity to the infraorbital foramen and from 
the latter to the root of the alveolar tooth directly ven-
tral to it was 2.65 ± 0.01 cm and 0.90 ± 0.02 cm in 
males; 2.75 ± 0.01 cm, 1.11 ± 0.01 cm in females of 
barking deer and 4.57 ± 0.01 cm and 1.83 ± 0.02 cm  
in males; 4.52 ± 0.02 cm and 1.76 ± 0.02 cm in fe-
males of sambar deer (Table 1). However, the same pa-
rameter was reported as 1.6–1.8 cm and 1.3–1.6 cm  
in West African Dwarf goats [26]; 2.06 ± 0.14 cm 
and 1.13 ± 0.11 cm in Gwembe Valley dwarf goat 
[17]; 2.8 cm and 2.5 cm in Iranian native cattle [23]; 
1.85 ± 0.14 cm and 1.75 ± 0.19 cm in black Bengal 
goat [34] and 2.37 ± 0.00 cm and 0.72 ± 0.00 cm 
in blackbuck [10]. The infraorbital nerve block can be 
achieved extraorally by injecting anaesthetic drugs 
approximately 1 cm in barking deer and 1.8 cm in 
sambar deer above the root of the first superior pre-
molar tooth in the infraorbital foramen. The infraor-
bital nerve block is used in the surgical interventions 
related to the upper lip, nose and skin supplied by 
the infraorbital nerve.

The above-recorded parameters were of clinical 
importance because the facial tuberosity is remark-
able even in live animals providing a clear guide for 
tracking the infraorbital nerve and its desensitisation 
during the manipulations in the skin of the upper lip, 
nostril and face at the level of the foramen. The in-
fraorbital foramen was small, elliptical and located at 
the level of the first superior premolar tooth in bark-
ing deer and sambar deer which was also reported 
in chital [18] and blackbuck [9]. However, the same 
foramen was located dorsal to the second premolar 
in red Sokoto (Maradi) goats [25]. 

The distance between the lateral alveolar root of 
the third inferior incisor tooth to the mental foramen 
was 2.84 ± 0.01 cm in males, 2.78 ± 0.01 cm in fe-
males of barking deer and 3.04 ± 0.02 cm in males, 
2.96 ± 0.01 cm in females of sambar deer (Fig. 2, 
Table 1) which is an important landmark for achiev-
ing the location of the mental foramen nerve for the 
regional nerve block in both the species, whereas it 
was 1.6 ± 0.22 cm in West African Dwarf goat [26]; 
2.0 ± 0.3 cm in red Sokoto (Maradi) goats [25]; 
2.45 ± 0.00 cm in blackbuck [8]; 9.22 ± 0.05 cm 
in dromedary camel [5] and 3.57 ± 0.04 cm in local 
pig of Mizoram [6]. The mental nerve block can be 
achieved extraorally by injecting anaesthetic drugs 
approximately 2.8 cm in barking deer and 3 cm in of 
sambar deer from the lateral extent of the alveolar 
root of inferior third incisor tooth into the mental 

foramen. The mental nerve block is useful for desen-
sitizing the lower lip during its surgical interventions.

The distance from the mental foramen to caudal 
border of the ramus of the mandible was 12.87 ± 
± 0.01 cm in males, 14.46 ± 0.02 cm in females of 
barking deer and 23.66 ± 0.01 cm in males, 23.59 ± 
± 0.01 cm in females of sambar deer, while the same 
parameters were 13.43 ± 0.08 cm in blackbuck [8]; 
11.69 ± 0.40 cm in black Bengal goat [34]; 13.74 ± 
± 0.18 cm in Mehraban sheep [16]; 9.26 ± 0.49 cm 
in Gwembe Valley Dwarf goat [17]; 32.12 ± 0.16 in 
dromedary camel [5]; 15.23 ± 1.46 cm in Barbados 
black belly sheep [22]; 11.8 ± 0.89 cm in black Bengal 
goat [29], 12.38 ± 1.52 cm in Abaza goats [11] and 
18.47 ± 0.01 cm in local pig of Mizoram [6].

The length and height of the mandible was  
15.77 ± 0.01 cm, 7.88 ± 0.01 cm in males and 17.27 ±  
± 0.02 cm, 7.78 ± 0.02 cm in females of barking  
deer; and 28.10 ± 0.01, 15.96 ± 0.01 cm in males and  
27.96 ± 0.01 cm, 15.78 ± 0.02 cm in females of sambar  
deer, respectively. The same mandibular parameters 
were 12.00 ± 0.89 cm, 6.90 ± 1.09 cm for West Afri-
can Dwarf goats [26]; 11.24 ± 0.52 cm, 6.64 ± 0.44 cm  
in Gwembe Valley Dwarf goat [17]; 16.53 ± 0.12 cm, 
10.69 ± 0.02 cm in blackbuck [7]; 42.98 ± 0.62 cm, 
22.58 ± 0.28 cm in dromedary camel [5] and 25.02 ± 
± 0.09, 10.54 ± 0.07 cm in local pig of Mizoram [6].

The distance between the condylar process to 
the height of the mandible, condylar process to the 
ventral margin of the mandible was 2.89 ± 0.01 cm, 
4.89 ± 0.01 cm in males and 2.79 ± 0.01 cm, 4.39 ±  
± 0.01 cm in females of barking deer; and 5.29 ±  
± 0.01 cm, 10.60 ± 0.01 cm in males and 5.21 ±  
± 0.01 cm, 10.50 ± 0.01 cm in females of sambar deer. 
However, the same parameter has been reported to 
be 3.09 ±  0.00 cm, 7.57 ± 0.02 cm in blackbuck [7].

The distance between the vertical line drawn 
downward from the caudal border of the mandible 
(I) and the vertical line drawn from the mandibular 
foramen downwards (F) was (G) 2.15 ± 0.01 cm in 
males, 2.09 ± 0.01 cm in females of barking deer and 
3.80 ± 0.01 cm in males, 3.71 ± 0.01 cm in females 
of sambar deer (Fig. 3). However, the same parameter 
was observed as 1.85 ± 0.01 cm in blackbuck [7].

The mandibular nerve block is used to anesthetise 
the mandibular nerve during the clinical examinations 
and surgical procedures involving the alveoli and 
teeth of the lower jaw in animals [19]. The distances 
from the mandibular foramen to the ventral margin 
of the mandible, caudal border of mandible to the 



175

K. Keneisenuo et al., Applied anatomy of the head region of barking deer and sambar deer

level of mandibular foramen, mandibular foramen to 
the border of mandibular angle were 2.49 ± 0.01 cm,  
2.15 ± 0.01 cm, 2.49 ± 0.03 cm in males; 2.39 ±  
± 0.02 cm, 2.09 ± 0.01 cm, 2.39 ± 0.02 cm in females 
of barking deer and 5.17 ± 0.01 cm, 3.80 ± 0.01 cm,  
5.16 ± 0.02 cm in males; 5.10 ± 0.02 cm, 3.71 ± 0.0 cm,  
5.11 ± 0.01 cm in females of sambar deer (Fig. 3). 
Whereas, the same parameters were recorded as 
4.18 ± 0.01 cm, 1.36 ± 0.01 cm, 3.07 ± 0.00 cm 
in blackbuck [8]; 8.84 ± 0.08 cm, 5.88 ± 0.05 cm,  
8.29 ± 0.07 cm in dromedary camel [5] and 4.56 ±  
± 0.01 cm, 3.81 ± 0.00 cm, 4.84 ± 0.00 cm in local 
pig of Mizoram [6]. Equivalent figures for West Af-
rican dwarf goats of Nigeria were 1.57 ± 0.44 cm, 
2.58 ± 0.34 cm for the caudal border of the mandible 
to below mandibular foramen and the mandibular 
foramen to the ventral margin of the mandible [26]. 
In horse and dogs, the distance between the mandib-
ular foramen and the ventral margin of the mandible 
was 3 cm and 1.5 to 2 cm, respectively [15]. The 
mandibular nerve is useful during the treatment of 
the injuries related to the lower incisors and premolar 
tooth, i.e. dental extraction, tumours etc. An extraoral 
mandibular nerve block can be achieved by injecting 
anaesthetic drugs approximately 2.5 cm in barking 
deer and 5.0 cm in sambar deer from the horizontal 
plane at the level of the ventral margin of the man-
dible to the ventral limit of the mandibular foramen.

CONCLUSIONS
It is concluded that the measurements obtained 

from the present study will be useful for the surgeons 
to locate the site for infiltration of the anaesthetic 
drugs for the nerves of maxillofacial and mandibular 
regions and can aid the veterinary practitioners in 
treating the head injuries related to both the species. 
Further, it will be very useful in the future endeavours 
involving applied research works leading towards the 
massive improvement in the livestock sector of the in-
ternational economy as well as conservation of wildlife.
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Background: The purpose of this study was to provide a description of gross 
middle ear morphology in water buffaloes, augmented with additional data on 
the osseous structures of middle ear derived from cone-beam computed tomo-
graphy (CBCT).
Materials and methods: Skulls of 10 young adult male water buffaloes were 
used to examine their middle ears. 
Results: Anatomical features noted included the presence of tympanic cells in 
the tympanic bulla, the location of malleus head and neck, and all of incus in the 
dorsal epitympanic recess, the oval tympanic membrane, absence of a prominent 
notch on the articular surface of malleus, positional variations of the lateral process 
of malleus relative to the muscular process and muscular process relative to the 
rostral process of malleus, absence of complete coverage of the articular facet 
of malleus head by incus body, and presence of the lenticular process of incus. 
In CBCT images, the osseous part of external acoustic meatus, the petrous part 
of temporal bone and the details of the ossicles were seen, except for stapes.
Conclusions: Although tympanic membrane, malleus and stapes of water buffa-
loes are similar to those of ox, the incus of water buffaloes is more similar to that 
of goats. The heaviest ossicles among the ruminants studied belonged to water 
buffaloes; the mean length of malleus head and neck, total length and width of 
incus body as well as length of stapes head were greatest in water buffaloes too. 
The auditory ossicles of water buffaloes show ‘transitional type’ morphological 
characteristics. These features suggest a relatively wide frequency range of hearing, 
but not one biased towards especially low or especially high frequencies. (Folia 
Morphol 2021; 80, 1: 177–185)

Key words: anatomy, auditory ossicles, cone-beam computed 
tomography, middle ear, morphometry, water buffalo
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INTRODUCTION 
The middle ear cavity is an irregular space within the 

temporal bone that is filled with air. It contains the mal-
leus, incus, and stapes, which form a chain and serve 
to convey vibrations from the tympanic membrane 
(TM) across the cavity to the internal ear [11]. Many 
studies on the middle ear have been conducted from 
morphological, functional, and surgical viewpoints, 
with physiological experiments typically having been 
performed on relatively small laboratory animals such 
as gerbils, guinea pigs and cats. There is considerable 
variation in middle ear architecture among the many 
species studied [7, 15, 20, 21]. Body size, phylogeny, 
style of life, ecology, and acoustic environment can all 
be reflected in aspects of ear morphology [29]. 

Recently, there has been more interest in the mid-
dle ear of larger animals such as sheep and pig, which 
potentially represent better models of the human 
middle ear [18, 28]. However, the gross morphology of 
middle ear of ox, sheep, and goat is not described or 
illustrated in any detail in most veterinary anatomical 
textbooks, atlases and dissection guides [5, 8, 14, 24, 
25, 32]. Only Getty [11], in his veterinary anatomical 
textbook, included detailed comparative descriptions 
of this area, but did not present any schematic pic-
tures and photographs. There are a few descriptive 
anatomical accounts of sheep and ox ears [4, 34, 35], 
but there remains much to be clarified regarding the 
comparative anatomy of ruminant auditory systems. 

Cone-beam computed tomography (CBCT) acquires 
data volumetrically, providing accurate, three-dimen-
sional (3D) radiographic imaging which is ideal for 
the assessment of osseous structures of the maxillo-
facial region at sub-millimeter resolution [17]. This has 
proved to be an excellent technology for the identifica-
tion and description of the normal anatomy of middle 
ear structures in veterinary research [31]. CT studies 
on the normal anatomy of middle ear structures have 
been conducted in sheep [33], and horses [3]. 

Water buffaloes (Bubalus bubalis) are placed in 
the family Bovidae, within the order Artiodactyla. 
Some archeological evidence suggests that water 
buffaloes were first domesticated in Iran and mi-
grated to southern Europe from this region [23]. The 
Khuzestan ecotype of Iranian water buffaloes are 
likely to be the biggest buffalo breed in the world 
[22], the morphological appearance of which differs 
from that of Mediterranean water buffaloes [23]. 
No description of the middle ear of water buffaloes 
seems to have been published. The goals of this study 

were, therefore, (1) to provide a detailed description 
of the middle ear of water buffaloes, (2) to determine 
the similarities and differences between water buf-
faloes ears and those of other ruminants, and (3) to 
describe the osseous structures of the middle ear of 
water buffaloes using CBCT. 

MATERIALS AND METHODS 
Skulls of 10 young adult male water buffaloes, 

without any external abnormality or pathology, were 
collected from a local slaughterhouse in Ahvaz, south-
west Iran. The age of animals, as estimated from the 
eruption of teeth [9], ranged between 2 to 3 years. The 
animals’ live weight (316–383 kg) was estimated based 
on carcass weight (190–230 kg). There was no need 
of approval from the Local Ethical Committee as the 
animal skulls were collected from the slaughterhouse. 
The maceration of skull and the dissection of tympanic 
cavity were performed according to the procedures of 
Nummela [27], and Martonos et al. [19], respectively. 
Afterwards, the following measurements for separated 
auditory ossicles were taken according to Martonos 
et al. [19]. Malleus: total length (TL), length of the 
manubrium (LM), head diameter (HD), and head and 
neck length (HNL). Incus: total length (TL), body width 
(BW), length of short crus (LSC), and length of long 
crus (LLC). Stapes: total length (TL), head length (HL), 
and thickness of crura at the middle (TCM). All varia-
bles were measured three times by a single researcher 
using a digital calliper (150 mm, Mitutoyo, Japan) 
and presented as means and standard deviations. The 
masses of ossicles were measured to an accuracy of 
0.001 g on laboratory scales (A&D Company, MA 3000, 
Japan). Photographs of the ossicles were taken under 
a stereomicroscope (Nikon, SMZ800, Japan) using  
a Canon digital camera (G9, Tokyo, Japan). 

Cone-beam CT images were acquired using New 
Tom VGi scanner (New Tom GRsrl; Verona, Italy) with 
a field of view 12 cm × 8 cm at a 0.15 mm voxel 
resolution with the scanning parameter of 110 kVp, 
9.18 mA (for left side) and 7.33 mA (for right side), 
and 5.4 seconds exposure time. CBCT data were eval-
uated in the dorsal and sagittal planes by an expert 
maxillofacial radiologist. 

RESULTS 
tympanic membrane

The mean and standard deviation of rostrocaudal 
and dorsoventral dimensions of TM were 11.66 ±  
± 0.63 mm and 9.12 ± 0.12 mm, respectively. The TM 
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was made up of two major parts, the pars flaccida (PF) 
and pars tensa (PT). The PF, an irregular triangle, was 
small and extended from the surrounding parts of the 
tympanic incisures of squamous temporal bone to the 
lateral process of malleus (Fig. 1B). The shape of PT 
was a regular oval. The medial surface of TM appeared 
to be irregularly concavo-convex. The entire length 
of manubrium was embedded in PT. The manubrium 
almost in its middle was very strongly attached to the 
medial surface of PT (Fig. 1A, B).

The epitympanic recess housed the head and neck 
of malleus, and all of the incus (Fig. 1A). The ventral 
part of middle ear cavity was divided into tympanic 
cells (see Fig. 5A).

Auditory ossicles

The morphometric data obtained from the ossicles 
are presented in Tables 1 and 2. 

Malleus head. Caudally, the head was slightly 
convex and its edges rounded and somewhat pressed 
(Fig. 2A, C) and there was a small, shallow fossa just 
rostral to the root of the lamina on the lateral surface 
of head (Fig. 2A, C). The head had a concave facet 
on its caudomedial aspect for articulation with incus. 
The facet was divided by a shallow notch into dorsal 
and ventral parts (Fig. 2B). 

Malleus neck. The curved neck was not very dis-
tinct below the head (Fig. 2A, B). The well-developed 
lamina was thin and irregularly triangular in shape: it 
originated from the dorsolateral surface of neck and 
extended rostrally, dorsally and laterally. The rostral 
process was a delicate projection in continuity with 
lamina, and was lateral to the large muscular pro-
cess (Fig. 2A). The rostral process was attached by  
a ligament to the wall of tympanic cavity (not shown). 
There was a very distinct shallow fossa caudal to the 
muscular process on the mediodorsal side (Fig. 2B). 
The medial surface of neck, just rostral to the mus-
cular process, was crossed by chorda tympani branch 
of facial nerve (Fig. 1A). The muscular process was  
a very well-developed and prominent spur which arose 
medially from the distal part of the neck (Fig. 1A, 2B). 

Malleus manubrium. The manubrium had four 
sides. The lateral edge of manubrium was convex. 
It was attached to TM, whereas the medial edge of 
the manubrium was free. The rostrodorsal surface of 
the manubrium was slightly concave longitudinally 

Table 1. Means (mm) ± standard deviations of the ossicles 
(water buffaloes) 

Malleus TL ML HNL HD

11.07 ± 0.46 6.54 ± 0.6 5.73 ± 0.29 3.17 ± 0.4

Stapes TL BL HL TMB

3.6 ± 0.57 2.7 ± 1.27 1.44 ± 0.33 0.7 ± 0.16

Incus TL LCL SCL BW

5.74 ± 0.88 2.78 ± 0.16 2.74 ± 0.18 3.3 ± 0.22

TL — total length; ML — malleus length; HNL — head and neck length; HD — head 
diameter; BW — body width; HL — head length; BL — body length; TMB — thickness 
in the middle of bone; LCL — long crus length; SCL — short crus length

Figure 1. Medial aspect of right ossicles and tympanic membrane in  
water buffaloes (in situ); A. B. 1 — pars tensa; 2 — chorda tympani  
nerve; 3 — manubrium; 4 — muscular process; 5 — epitympanic 
recess; 6 — malleus head; 7 — incus body; 8 — long process; 
9 — lenticular process; 10 — short process; 11 — tympanic cell; 
12 — tympanic ring; 13 — pars flaccida; *Scale = 5 mm.

A

B
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Table 2. Comparison of mean masses (mg) ± standard deviations of the ossicles (water buffaloes) with those obtained in various 
ruminates

Malleus Incus Stapes

Present study 0.050 ± 0.030 0.048 ± 0.008 0.006 ± 0.001

Ox [11] 
[27]

0.032 ± 0.006 
0.022

0.030 ± 0.005
0.026

0.005 ± 0.0005
0.002

Sheep [11] 
[27]

0.008 ± 0.001
0.007

0.008 ± 0.001
0.055

0.001 ± 0.0003

Goat [11] 0.010 ± 0.001 0.008 ± 0.001 0.001 ± 0.0004

Dromedary camel [21] 0.039 ± 0.080 0.030 ± 0.003 0.004 ± 0.0004

Bactrian camel [2] 
[27]

0.037 ± 0.02 
0.037

0.032 ± 0.008
0.038

0.005 ± 0.0005
0.004

Human [12] 
[27]

0.023 ± 0.002
0.028 

0.025 ± 0.002
0.033 

0.003 ± 0.0006
0.002 

Figure 2. The left malleus; A. Lateral view (*Scale = 5 mm);  
B, C. Medial view (*Scale = 1 mm) (water buffaloes); 1 — head; 
2 — neck; 3 — lamina; 4 — rostral process; 5 — manubrium; 
6 — lateral process; 7, 7’ — dorsal and ventral parts of articular 
facet; 8 — extremity; 9 — fossa; 10 — muscular process.

A

B

C
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from body to tip, whereas the caudoventral surface 
was convex. The lateral process was a right-angled 
triangular protuberance which arose from the base 
of the manubrium at the same level as the muscular 
process on the opposite side (Fig. 2A, B). 

The imaginary line extending between the ante-
rior process of malleus and the short process of the 
incus, two points where the ossicles are tethered to 
skull, has been called the ‘anatomical axis’ [16]. The 
manubrium took an intermediate orientation relative 
to the anatomical axis, i.e. between perpendicular 
and parallel (Fig. 1A). 

Incus. The medial surface of body was convex with  
a distinct oval facet (Fig. 3A), while the lateral surface 
was almost smooth (not shown). The shape of the ar-
ticular facet was slightly saddle-shaped and occupied 
virtually the whole width of incus, and was divided by  
a ridge into two facets (Fig. 3B). The long process ex-
tended in a rostroventral direction. The lenticular pro-
cess seemed to ossify with the extremity of long process. 
It was directed mainly caudally and formed a small, 
nodular projection. The pyramidal short process was 
oriented in a caudoventral direction. The incudo-mallear 
joint was easily separable (Fig. 1A).

stapes. The head of stapes was convex. The stapes 
was quadrilateral in shape. The rostral crus of spates 
was slightly inclined rostrally, while the caudal crus 
was almost straight below the level of junction of cau-
dal crus and neck at its caudomedial aspect, there was 
a small but prominent muscular process. The inter-
crural foramen was a regular oval in shape (Fig. 4A).  
Cross-section of the rostral crus was as a narrow sem-
icircle near footplate, but caudal crus was somewhat 

appeared as an irregular c-shaped (Fig. 4C). Footplate 
was an irregular oval in shape (Fig. 4B), its extremities 
extending considerably beyond the limits of insertion 
of crura. However, it extended farther beyond the 
insertion of caudal crus than beyond the rostral crus. 
The well-developed labrum was thick at the extrem-
ities, especially at the caudal extremity. The caudal  
extremity was relatively pointed, whereas the ros-
tral one was rounded when viewed from its vestib-
ular aspect. The center of footplate was relatively 
thin and was slightly concave towards the vestibule  
(Fig. 4A). The footplate was placed in fossa ovalis 
leading to the oval window at its bottom (Fig. 4C). 

CBCt anatomy. Osseous structures of water buf-
faloes middle ear were very well visualized with CBCT. 
The sagittal plane images provided excellent depic-
tions of anatomical structures. No significant anatomic 
variations were noted between right and left sides of 
temporal bone. In the sagittal plane tomogram shown 
in Figure 5A, the body, short and long processes of 
incus, the head, neck, rostral process, and manubri-
um of malleus, incudo-mallear joint, tympanic bulla, 
tympanic cells and epitympanic recess were readily 
identified. In the dorsal plane tomogram shown in 
Figure 5B, the osseous part of external acoustic mea-
tus, the bony rim supporting the tympanic membrane, 
part of the malleus, and the petrous part of temporal 
bone were seen clearly. 

DISCUSSION
tympanic membrane. Although the typical mam-

malian TM has a PT and smaller PF, the outline of PT 
differs among the species, from nearly circular to an 

Figure 3. The left incus (water 
buffaloes); A. Lateral view;  
B. Articular surface; 1 — body; 
2 — long process; 3 — short 
process; 4, 4’ — dorsal and 
ventral parts of articular facet; 
*Scale = 5 mm.
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approximately elongated oval [6]. Like that of the ox, 
the PT of TM in water buffaloes was a regular oval, 
whereas the shape of PT in sheep and goats takes the 
form of a regular circle [11]. The shape of PF is more 
or less rectangular [11] or roughly triangular [35] in 
the ox and irregularly triangular in sheep and goats 
[11], as it was in water buffaloes. The TM is circular 
in one-humped camels [21].  

Like the ox, sheep, dog, cat, and pig [6] the manu-
brium divides PT into asymmetrical dorsal and ventral 
sections in water buffaloes. Puria and Steele [30] hy-
pothesize that a similar asymmetry in cats and humans 
ears could lead to a force differential on the manubri-
um, resulting in a rotation of malleus about its long 
axis. Because such a change in rotatory axis would 
reduce the moment of inertia, they suggest that this 
change in ossicular vibratory mode could improve the 
efficiency of sound transmission at higher frequencies. 

As in the goat and ox [11], the entire length of 
manubrium in water buffaloes was embedded in PT,  

whereas in the sheep part of manubrium was super-
ficially placed over PT [11]. The medial surface of PT 
on its central part was strongly convex in the ox or 
regularly convex in goats and sheep [11]. In water 
buffaloes, it was not convex; it appears to be irregu-
larly concavo-convex.

The size of PF is very variable among mammals; 
out of humans, cats, dogs, the ox, sheep and rodents, 
the biggest PF belongs to the sheep [6]. Although we 
did not measure PF separately in water buffaloes, it is 
likely very similar in size to that of the ox as illustrated 
by Decraemer and Funnell [6]. In short, the TM of 
water buffaloes resembled that of the ox rather than 
those of goats and sheep.

tympanic cavity. The epitympanic recess in wa-
ter buffaloes was occupied by head and neck of 
the malleus, as well as all of the incus, whereas in 
small ruminants the head, neck and rostral process 
of malleus, along with its articulation with incus, are 
all situated in the recess [11]. In the ox only the head 

Figure 4. The left stapes (water buffaloes); A. Dorsal surface 
(*Scale = 5 mm); B. Vestibular surface of footplate (*Scale = 1 mm),  
C. Cross-section of crura; 1 — muscular process; 2 — footplate; 
3 — caudal crus; 4 — rostral crus; 5 — intercrural foramen;  
6 — head; 7 — rostral extremity; 8 — caudal extremity.
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of malleus and part of the incus [11] or the head of 
malleus and incus [4] are housed in the recess. In 
Bactrian camels, the malleus head and main part of 
incus are located in the recess [2].

The cellular divisions of the bullar cavity in water 
buffaloes resemble what has been described in the 
ox [1, 35]. This is not the case in other domestic 
ruminant species in veterinary anatomical textbooks 
[11, 25] nor in Bactrian camels [2]. According to 
Fleischer [10] and Plestilova et al. [29], similar bony 
septa which divide the middle ear cavities of several 
types of mammals are expected to change the reso-
nance properties of such cavities, but experimental 
data are lacking. 

Morphometry of ossicles. Differences in ossi-
cle size in animals correlate with variations in their 
auditory range [13, 27]. Nummela [27] found that 
although there is a correlation between skull mass 
and ossicular mass among mammals in general; the 
ossicular mass cannot be reliably predicted from skull 
mass in mammals with large skulls. There are very 
few morphometric studies documented for ossicles 
of ruminants. Mohammadpour [21] reported masses 

and other measurements of the different parts and 
process of the ossicles in the ox, sheep, goat, and 
dromedary camel. Bai et al. [2] weighed all ossicles 
and measured malleus head and length of stapes 
in Bactrian camels. Nummela [27] reported average 
masses of ossicles in various mammals including Bac-
trian camels, cattle and sheep.

According to Table 2, the heaviest ossicles be-
longed to water buffaloes although it is not the larg-
est animal among the reported animals. The mean 
values for HNL of malleus, TL and BW of incus, as 
well as HL stapes, were all greatest in water buffaloes 
among the other ruminants. However, the mean val-
ues of BL and TL of stapes were greatest in dromedary 
and Bactrian camels, respectively (Table 3). In the ox, 
the long crus was almost twice the length of short 
crus, whereas in the sheep the long crus was nearly 
three times longer than the short crus. The two crura 
of goats were almost equal in length [11], like water 
buffaloes, while high frequency hearing is limited by 
middle ear size and in particular ossicular mass [13].

Malleus head. Unlike small ruminants [11], caudal-
ly the malleus head is smoothly convex in the ox [11],  

Figure 5. Sagittal (A) and dorsal 
(B) planes tomogram created 
by cone-beam computed tomo-
graphy of right temporal bone 
(water buffaloes); 1 — tympanic 
cavity; 2 — tympanic cell; 3 — 
manubrium; 4 — long process 
of incus; 5 — short process of 
incus; 6 — incus body; 7 — epi- 
tympanic recess; 8 — incus-mal- 
leus joint; 9 — malleus head;  
10 — malleus neck; 11 — rostral  
process of malleus; 12 — facial 
and vestibulocochlear nerves; 
13 — petrosal part of temporal 
bone; 14 — external acoustic 
meatus; 15 — tympanic rim.

Table 3. Comparison of means (mm) ± standard deviations of the ossicles (water buffaloes) with those obtained in various ruminates

Present study Ox Sheep Goat Dromedary camel Bactrian camel [2] Human [26]

Malleus TL
ML
HNL
HD

11.07 ± 0.46
6.54 ± 0.60
5.73 ± 0.20
3.17 ± 0.40

11.26 ± 0.61
7.32 ± 0.13
3.17 ± 0.40
1.76 ± 0.08

8.28 ± 0.39
5.56 ± 0.31
2.60 ± 0.21
1.26 ± 0.16 

8.40 ± 0.41
5.10 ± 0.55
2.60 ± 0.21
2.18 ± 0.32

10.25 ± 0.54
7.60 ± 0.46
2.72 ± 0.17 
3.25 ± 0.17 

–
–
–

1.60 ± 0.20

7.15 ± 0.31
4.22 ± 0.35
4.85 ± 0.29
2.36 ± 0.21

Incus TL
BW

5.74 ± 0.88
3.30 ± 0.22

6.20 ± 0.38
2.92 ± 0.28

3.22 ± 0.13 
2.08 ± 0.08

3.10 ± 0.10
2.14 ± 0.15

4.84 ± 0.20
3.04 ± 0.15 

–
–

3.14 ± 0.19
–

Stapes TL
HL
BL

3.60 ± 0.57
1.44 ± 0.33
2.70 ± 1.27

3.60 ± 0.57
1.42 ± 0.05
2.57 ± 0.09

2.72 ± 0.20
1.26 ± 0.11
2.08 ± 0.08

2.27 ± 0.20
1.07 ± 0.09
2.02 ± 0.05

4.12 ± 0.35 
1.35 ± 0.17
3.25 ± 0.37

4.30 ± 0.60
–
–

3.12 ± 0.21
–

2.68 ± 0.27

Note: The author did not record the related parameters which are empty in Bactrian camel and human. TL — total length; ML — malleus length; HNL — head and neck length; HD — head 
diameter; BW — body width; HL — head length; BL — body length. The parameters are based on millimeters (mm).
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as it was in water buffaloes. Wilkie [35] also reported 
that malleus head has very pronounced features in 
the flatness of head caudally. 

Unlike the ox and water buffalo, the notch on the 
articular surface of head is very prominent in goat 
and sheep [11], which is the most striking difference 
among the mallei of these animals. 

The articular surface of malleus head was covered 
by the incus body completely in the ox [11], while it 
was covered partly in goat and sheep [11], as it was 
in water buffaloes. 

Malleus neck. As in the ox [11, 35], the curved 
neck was not very distinct in water buffaloes, whereas 
in the sheep the neck was the thickest part [11].

Malleus processes. The best-developed muscular 
process belonged to one-humped camels [11], followed 
by the ox and small ruminants [11, 21]. The process 
of water buffaloes resembled the ox in this respect. 

The rostral process arises from the medial and just 
rostral to the muscular process in small ruminants, 
whereas the rostral process arises medially form the 
neck at the same level as at which the muscular pro-
cess arises in the ox [11], as it was in water buffaloes. 

In water buffaloes, the rostral process was attached 
by a ligament to the wall of tympanic cavity. Accord-
ing to Getty [11], the ossicles in domestic animals are 
connected with walls of tympanic cavity by ligaments. 
While in the rodents there is an osseous connection 
between the process and tympanic cavity [20].

Manubrium. In goats [11], the manubrium is 
three-sided, whereas the manubrium of water buffa-
loes was four-sided, like those of ox and sheep [11]. 

As in the goat and ox [11], in water buffaloes the 
entire length of manubrium were embedded in PT, 
whereas in the sheep part of manubrium lies super-
ficially over PT, almost in its middle [11].

The best-developed lateral process belonged to 
one-humped camels [21], followed by the goat, 
sheep, and ox [11]. In water buffaloes, the process 
resembled that of the ox. 

In the goat, the lateral process arises almost at 
the same level as the muscular process [11], whereas 
in the sheep and ox this process arises caudal to the 
muscular process, on the opposite side [11], similar 
to that of water buffaloes.

One of distinguishing features of ossicle morphol-
ogy among mammals is the orientation of the man-
ubrium relative to the anatomical axis, but this has 
not been the focus of attention in the larger domestic 
animals. The manubrium is roughly parallel to the axis 

in many very small mammals, but it is perpendicular in 
humans, rabbits, guinea pigs, and chinchillas [20]. In 
water buffaloes, the manubrium took an intermediate 
position (not perpendicular or parallel).

Incus. Unlike the ox [35] and water buffalo, the 
articular surface of body had a concave depression 
in sheep and goat because of the presence of a high 
ridge on the surface [11]. The incus body of the ox 
[35] and water buffalo were a large, well-developed, 
unlike those of small ruminants [11].

In water buffaloes, the lenticular process was 
located at the extremity of long crus of incus, as in 
goats [11], dromedary [21], and Bactrian camels [2]. 
However, in the sheep and ox the process was absent 
[11] or present [34, 35].

stapes. Like the ox [35], this ossicle was nearly 
rectangular in shape in water buffaloes, whereas it 
is more trapezoidal in sheep [34].

As in the ox [11], the head of stapes in water buf-
faloes was convex, whereas the head was flattened 
in goats [11]. 

The footplate of mammalian stapes was oval or 
bean-shaped, as in man. It is elongated, thus having  
a long and a short axis [10]. As in the ox [35], the shape  
of footplate was an irregular oval in water buffaloes, 
whereas it has a squarer shape in sheep [34] and is 
elliptical in Bactrian camels [2].

CONCLUSIONS 
Although general anatomical characteristics of 

the middle ear structures and the relationship of the 
ossicles in the water buffalo was almost similar to 
those in the ox and small ruminates, several distinctive 
morphologic and morphometric variations of the mid-
dle ear structures are recognized in the water buffalo. 

In general, among the mammals, there seems to 
be correlations between ossicle morphology and the 
frequency that an animal can hear [13, 29]. Therefore, 
although some of morphological characteristics of 
middle ear described here remain of unknown func-
tional significance, the middle ear of water buffaloes 
shows characteristics of the transitional type ear, 
following the terminology of Fleischer [10]. These 
characteristics consist of an enlarged malleus head, 
heavy ossicles, a ligamentous connection of a reduced 
rostral process to the skull, reduction of malleus ante-
rior lamina, the possession of a relatively large incus, 
and oblique manubrial orientation to the anatomical 
axis [20]. Such a transitional type ear leads to the 
prediction of quite a wide frequency range: not es-
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pecially low nor especially high. Water buffaloes, like 
the cattle, belong to the Bovidae family and cattle are 
able to hear a much wider range of sound frequencies 
(16 to 40,000 Hz) than humans (20 to 20,000 Hz). 
This should permit them to hear, in principle, both 
low-frequency rumbles of elephants and the ultrason-
ic screams of flying bats [13]. However, intraspecific 
variations in ossicle morphology among water buf-
faloes and other ruminants remain to be examined.
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Background: This study was conducted to determine the morphometric features 
and to make the three-dimensional (3D) reconstruction of the images obtained by 
computed tomography (CT) of the main long bones (femur, tibia, fibula) in Van 
cats, and to reveal the biometric differences between these measurement values 
of both sexual dimorphism and homotypic variations.
Materials and methods: A total of 16 adult Van cats, 8 male and 8 female, were 
used in the study. The pelvic limb long bones of the cats, which were anesthetized 
with the ketamine-xylazine combination, were scanned with a CT device and their 
images were obtained. These images were converted to a 3D structure by means 
of MIMICS 20.1 (The Materialise Group, Leuven, Belgium) software programme. 
Then, morphometric, volumetric, surface arae measurements of these bones were 
calculated and statistical analyses were performed.
Results: In the analysis, it was observed that right greatest length (GL), left GL, 
right greatest length from caput ossis femoris (GLc), left greatest breadth of the 
distal end (Bd), right volume (V), and left V measurement values of the femur; 
left GL1, right greatest breadth of the proximal end (Bp), right Bd, left Bd, right 
smallest breadth of the diaphysis (SD), right V, left V, and right surface area (SA) 
measurement values of the tibia; right V, left V, right SA, and left SA measurement 
values of the fibula were statistically significantly higher in male cats than in female 
cats (p < 0.05). The volume and surface area measurement values of the femur, 
tibia and fibula of male and female cats were determined as 8.57 ± 1.33 cm3 and 
7.00 ± 0.49 cm3, 64.28 ± 6.72 cm2 and 59.42 ± 4.72 cm2; 7.56 ± 1.28 cm3 and 
6.15 ± 0.52 cm3, 56.89 ± 6.47 cm2 and 52.72 ± 3.15 cm2; 1.10 ± 0.17 cm3  

and 0.83 ± 0.05 cm3, 14.18 ± 1.61 cm2 and 11.95 ± 0.48 cm2, respectively.
Conclusions: The statistical differences between the sexes in terms of the measure-
ment parameters of the femur, tibia and fibula in adult Van cats were determined. 
We believe that these differences can be used in determining morphological 
variations of Van cats. In addition, it is thought that the data obtained from the 
present study would be beneficial to veterinary physicians in the clinical application 
areas in order to evaluate the pathological conditions related to these bones and to 
the studies in the field of zooarchaeology. (Folia Morphol 2021; 80, 1: 186–195)

Key words: computed tomography, femur, fibula, three-dimensional 
reconstruction, tibia, Van cat
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INTRODUCTION
Living around and named after the Van Lake re-

gion of Turkey, Van cats are an attractive breed of do-
mestic cats with their distinctive eye coloration (one 
eye can be yellow and the other can be blue, both 
can be yellow, or both can be blue), soft fur, affection 
for swimming, hunting capabilities, cleanliness, and 
intelligence. In 22 April 2006, Van cats were licensed 
and registered with the communiqué no. 2006/16 
as a breed of domestic cat with all their distinctive 
properties, and are now officially under protection of 
the Republic of Turkey [6]. There are only a handful 
of studies in literature, however, regarding the oste-
ological properties of these cats [46–48].

Known also as “the thigh bone”, femur (os femo-
ris) is the strongest of all the long bones. It usually has  
a cranioventral bearing along the skeletal structure, and 
it plays a significant role during the forward motion of 
the body [14]. Meanwhile, “the ossa cruris” structure  
is another formation of the long bones of the pelvic 
limbs, and consists of the combination of the tibia and 
fibula bones. Tibia is a long, tubular bone and is the 
stronger of the two as it shoulders the weight of the 
body. It is located towards the medial surface of the 
leg, and has joints with the femur at the proximal end 
and with ossa tarsi at the distal end. Located towards 
the lateral surface, the fibula is weaker and does not 
have a joint with femur at the proximal end. On the 
distal end, however, it has a limited amount of contact 
with ossa tarsi [4]. In ruminants, the proximal end of 
the fibula is found in contact with the outer rim of the 
condyles lateralis tibae, and it has a regressed corpus. 
Its distal end, it joins the formation of os malleolare. 
In equidae, the proximal end of the fibula makes  
a joint with tibia, but the distal end only reaches half-
way down the range of tibia where it ends with a pointy 
edge. Sus and carnivore species have a fully developed 
fibula, but it’s separated from tibia with a formation  
known as “spatium interosseum cruris”. This gap, 
which is enclosed with soft tissue, goes almost all the 
way down to the distal edge in Sus species, while it’s 
only limited to the proximal region in carnivores [15].

In recent years, medical imaging systems, com-
puted tomography (CT), and three-dimensional (3D) 
reconstruction software become commonly utilized 
tools when trying to determine the morphological 
properties of the anatomical structures in the skeletal 
systems of animals, particularly those of small, pet 
animals like cats and dogs. These systems are also 
being used to obtain osteometric and volumetric 

measurement results, to evaluate any potential devel-
opmental, metabolic, inflammatory, or degenerative 
anomalies, and to investigate numerous other patho-
logical situations like traumas, dislocations, fractures, 
or neoplasia [26, 45]. Anthropological studies also 
commonly use these methods and 3D modelling in 
tandem to determine the morphological properties 
of long bones and to perform various measurements 
on them [8, 17, 21]. 

Various studies have been performed to deter-
mine the anatomical and osteometrical properties 
of the main long bones of the pelvic limbs (femur, 
tibia, fibula) of different animal species, like mole-rats 
(Spalax leucodon Nordmann) [34], African giant rats 
(Cricetomys gambianus Waterhouse) [27], grasscutter 
rodents (Thryonomys swinderianus, Temminck-1827) 
[29], guinea pigs (Cavia porcellus) [37], feral pigs 
(Sus scrofa) [19], martens (Martes fonia) [3], badgers 
(Meles meles) [32], squirrels (Sciurus vulgaris) [31], 
hedgehogs hedgehog (Erinaceus europaeus L.) [35], 
porcupines (Hystrix Cristata) [49], chinchillas (Chin-
chilla lanigera) [10], lumholtz tree-kangaroo (Dendro-
lagus lumholtzii) [40], Anatolian bobcats (Lynx lynx) 
[30], New Zealand rabbits (Oryctolagus cuniculus) 
[1, 16, 36], marmosets (Callithrix jacchus) [9], brown 
bears (Ursus arctos) [13], deers (Hippocamelus bi-
sulcus) [41], sheeps (Ovis aries) [2], gazelles (Gazella 
subgutturosa) [12], foxes (Vulpes vulpes and Alopex 
lagopus) [24], dogs (Canis lupus familiaris) [28, 43], 
and domestic cats (Felis catus and Felis domestica)  
[5, 16]. No study was found when the existing lit-
erature was searched for long bones of the pelvic 
limbs of Van cats, however. This study was, therefore, 
performed with the aim of creating 3D models of the 
pelvic limb long bones of Van cats using CT scans and 
imaging of different anatomical structures of these 
bones, and to obtain osteometric and volumetric 
measurements and to determine any potential biome-
trical difference in these measured values with regards 
to sexual dimorphism and homotypic variations.

MATERIALS AND METHODS
A total of 16 adult Van cats (8 males and 8 females) 

obtained from Van Yuzuncu Yil University Van Cat Re-
search and Application Centre was used in this study. 
The ages of the cats varied between 3 and 8 years, and 
their live body masses (W) varied between 5810 and 
8050 grams. Ad libitum cat feed and tap water was 
provided to these cats until the day before the study. 
The study received the approval of the Van Yuzuncu Yil 
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University Local Ethical Board for Animal Experimen-
tation (Decision no: 2020/02-27.02.2020). The cats 
included in the study were numbered, and were not 
provided any feed starting the day before the study. An-
aesthetisation of the cats for the scanning process was 
performed using a combination of ketamine (15 mg/kg, 
IM, Ketasol® 10% injectable, İnterhas Veterinary Medi-
cines, Ankara) and xylazine (1–2 mg/kg, IM, Alfazyne®  
2% injectable, Ege – Vet Veterinary Medicines, İzmir).

A 16-section multi-sequential CT device (Somatom 
Sensetion 16; Siemens Medical Solutions, Erlangen, 
Germany) located in Van Yuzuncu Yil University Medical 
Faculty Radiology Department was used to obtain the 
CT scans of the cats. A disposable sheet was placed 
onto the gantry of the device, and the cats were laid 
onto this sheet head-first in prone position (ventral 
decubitus) to achieve symmetry. The device parameters 
for the CT scan were as follows: KV/Effective mAs/Ro-
tation time (sec) 120/120/0.75; gantry rotation period 
420 ms; physical detector collimation, 16 × 0.6 mm; 
section thickness 0.4 mm; final section collimation 
32 × 0.63 mm; feed/rotation 6 mm; Kernel, U90u; 
increment 0.5 mm;  and resolution 512 × 512 pixels. 
Setting of the dosage parameters and the scanning 
process itself were performed on the basis of standard 

protocols established by the literature [18, 39]. The 
images obtained were saved in DICOM format.

These images were then transported to the MIM-
ICS 20.1 (The Materialise Group, Leuven, Belgium) 
software and were reconstructed. Osteometric mea-
surements were then performed on the 3D models of 
the femur, tibia, and fibula bones. The measurement 
points specified in the literature were used during the 
morphometric measurements [44]. Once the morpho-
metric measurements were complete, the surface area 
and volume of each of the bones were calculated. 
The definitions and abbreviations for the measured 
osteometric parameters are presented in Table 1. 
Nomina Anatomica Veterinaria [25] was used as the 
terminology basis throughout the study. Weighing of 
the cats included in the study was performed using  
a digital scale (TESS®, RP-LCD, Çomak Terazi, İstanbul).

statistical analysis

Van cat pelvic limb long bones (femur, tibia, and 
fibula) were modelled in 3D environment based on the 
CT images of the cats obtained as part of study, and 
Shapiro-Wilk test (n < 50) was used to determine if 
the value distribution of the data obtained from these 
models was normal. Since the distribution of the values 

Table 1. Studied parameters and abbreviations (according to Von den Driesch, 1976 [44])

Parameter Abbreviation Definition

Measurement points and abbreviations of the femur in Van cats

1 GL Greatest length: distance between the proximal and the distal end [mm]

2 GLc Greatest length from caput ossis femoris: distance between the caput ossis femoris and the distal end [mm]

3 Bp Greatest breadth of the proximal end [mm]

4 Bd Greatest breadth of the distal end [mm]

5 Dc Greatest depth of the caput ossis femoris [mm]

6 SD Smallest breadth of the diaphysis (Corpus ossis femoris) [mm]

7 V Volume of the femur [cm3]

8 SA Surface area of the femur [cm2]

Measurement points and abbreviations of the tibia in Van cats

1 GL1 Greatest length: distance between the proximal and the distal end [mm]

2 Bp Greatest breadth of the proximal end [mm]

3 Bd Greatest breadth of the distal end [mm]

4 SD Smallest breadth of the diaphysis (Corpus tibiae) [mm]

5 V Volume of the tibia [cm3]

6 SA Surface area of the tibia [cm2]

Measurement points and abbreviations of the fibula in Van cats

1 GL2 Greatest length: distance between the proximal and the distal end [mm]

2 V Volume of the fibula [cm3]

3 SA Surface area of the fibula [cm2]
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weren’t normal in general, a number of non-paramet-
ric tests were performed throughout the rest of the 
study. The defining statistics for the measured prop-
erties in this study are presented as mean, standard 
deviation, and minimum and maximum values. Wil-
coxon test was used to compare the measurements 
for left and right side bones. Comparisons between 
the sexes were performed using Mann-Whitney-U test. 
The correlations between the measurements were in-
vestigated through Spearman Correlation coefficient 
calculations, and were separately performed for each 
sex. Statistical significance threshold was taken as (α) 
5%, and SPSS (IBM SPSS for Windows, Ver.23) package 
software was used for calculations.

RESULTS
The volume and surface area measurements of 

the Van cat pelvic limb femur, tibia, and fibula were 
performed as part of this study. The morphometric 
measurement parameters and 3D reconstructions are 
presented in Figures 1–3 with regards to the meas-
urement point locations on bones. These results were 
then compared in terms of sexual dimorphism and 
homotypic variations, and are presented in Tables 2–7.  
Any statistically significant differences between the 
results (p < 0.05) were recorded.

Table 2 presents the defining statistics for femurs’ 
morphometric measurement results and the compar-
ison of the sexes in terms of homotypic variations. 

Accordingly, right greatest length (GL), left GL, right 
greatest length from caput ossis femoris (GLc), left 
greatest breadth of the distal end (Bd), right volume 
(V), and left V values were found to be higher in 
males in a statistically significant manner, compared 
to females (p < 0.05). When the left and right fe-
mur defining statistics were compared within each  
sex, right smallest breadth of the diaphysis (SD) 

Figure 1. Measurement points from cranial (A), upper medial (B), 
and dorsal (C) of the femur in Van cats; GL — greatest length; 
GLc — greatest length from caput ossis femoris; Bp — greatest 
breadth of the proximal end; Bd — greatest breadth of the distal 
end; Dc — greatest depth of the caput ossis femoris; SD — small-
est breadth of the diaphysis (Corpus ossis femoris).

Figure 2. Measurement points from cranial of the tibia (A), fibula (B),  
and ossa cruris (C) in Van cats; GL1 — greatest length of the 
femur; Bp — greatest breadth of the proximal end; Bd — greatest 
breadth of the distal end; SD — smallest breadth of the diaphysis 
(Corpus tibiae); GL2 — greatest length of the fibula.

Figure 3. Three-dimensional reconstruction of the pelvic limb long 
bones (femur, tibia, fibula) from lateral (A) and medial (B) in Van 
cats (flexion position).
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values were found to be higher than left SD val-
ues in females and the difference was statistically 
significant (p = 0.036). Furthermore, male left Bd 

values were statistically higher than right Bd values  
(p = 0.017). No meaningful difference was determined 
for any other right and left side average femur values  

Table 3. “r” values of Spearman’s rho nonparametric correlations coefficients between the morphometric measurements of the femur 
in Van cats by gender

Female Male

Age 
(A)

Body 
mass (W)

Right 
GL

Left  
GL 

Right 
GLc

Left 
GLc 

Right 
Bp

Left 
Bp

Right 
Bd

Left 
Bd

Right 
Dc

Left 
Dc

Right 
SD

Left  
SD 

Age (A)  0.957** 0.878** 0.878** 0.293 0.830* 0.683 0.683 0.244 –0.244 0.586 0.781* 0.732* 0.586

Body mass (W) 0.390 0.946** 0.946** 0.431 0.898** 0.659 0.659 0.228 –0.156 0.479 0.731* 0.874** 0.683

Right GL –0.098 0.286 0.999** 0.619 0.976** 0.524 0.595 0.429 0.119 0.524 0.738* 0.881** 0.714*

Left GL –0.098 0.357 0.952** 0.619 0.976** 0.524 0.595 0.429 0.119 0.524 0.738* 0.881** 0.714*

Right GLc –0.098 0.286 0.999** 0.952** 0.571 –0.095 0.262 0.310 0.476 0.381 0.405 0.571 0.333

Left GLc 0.244 0.524 0.881** 0.857** 0.881** 0.500 0.643 0.524 0.190 0.571 0.690 0.810* 0.643

Right Bp 0.488 0.643 0.476 0.405 0.476 0.524 0.643 0.143 –0.167 0.429 0.738* 0.595 0.667

Left Bp –0.098 0.429 0.619 0.690 0.619 0.548 0.548 0.167 –0.143 0.833* 0.619 0.405 0.167

Right Bd 0.634 0.333 –0.214 –0.143 –0.214 –0.048 0.595 0.357 0.786* 0.500 0.548 0.286 0.381

Left Bd 0.785* 0.515 0.096 0.108 0.096 0.323 0.802* 0.347 0.886** 0.190 0.238 0.143 0.262

Right Dc 0.488 0.405 –0.190 –0.095 –0.190 0.071 0.452 0.405 0.881** 0.802* 0.738* 0.238 0.095

Left Dc 0.195 0.429 0.048 0.238 0.048 0.000 0.500 0.571 0.714* 0.563 0.571 0.690 0.690

Right SD –0.293 0.500 0.143 0.048 0.143 0.024 0.381 0.214 –0.143 –0.108 –0.190 0.071 0.881**

Left SD 0.049 0.667 0.167 0.071 0.167 0.190 0.714* 0.452 0.333 0.395 0.333 0.286 0.833*

*p < 0.05; **p < 0.01; abbreviations — see Table 1

Table 2. Descriptive statistics and homotypic variations of the biometric parameters of the femur obtained from three-dimensional 
reconstruction of computed tomography images in Van cats

Male Female P*

Parameter Mean ± SD Minimum Maximum Mean ± SD Minimum Maximum

Right GL 108.79 ± 4.81 102.47 117.60 103.44 ± 2.84 100.01 107.30 0.016

Left GL 108.88 ± 5.04 103.07 118.01 103.18 ± 3.02 99.31 107.46 0.016

Right GLc 110.23 ± 5.34 101.55 117.31 103.99 ± 3.24 99.44 110.27 0.021

Left GLc 109.12 ± 5.11 102.36 118.23 104.84 ± 2.79 102.24 110.22 0.059

Right Bp 20.48 ± 0.82 19.14 21.37 19.63 ± 0.95 18.24 20.91 0.059

Left Bp 20.27 ± 1.05 19.13 22.03 19.20 ± 0.98 17.56 20.77 0.066

Right Bd 18.40 ± 0.82 17.08 19.40 18.12 ± 0.94 16.85 19.60 0.462

Left Bd 18.91 ± 0.53 18.11 19.44 18.14 ± 0.59 17.26 18.86 0.021

Right Dc 9.98 ± 0.68 8.93 11.16 9.75 ± 0.57 8.84 10.51 0.529

Left Dc 10.05 ± 0.69 9.31 11.29 9.89 ± 0.54 9.02 10.94 0.793

Right SD 9.35 ± 0.94 8.08 10.62 9.51 ± 0.57 8.88 10.57 0.674

Left SD 9.33 ± 0.85 8.45 10.59 9.22 ± 0.35 8.88 9.91 0.958

Right V 8.57 ± 1.31 6.96 10.57 7.06 ± 0.43 6.55 8.57 0.012

Left V 8.57 ± 1.35 6.94 10.71 6.93 ± 0.55 6.03 8.57 0.012

Right SA 64.15 ± 6.52 50.96 71.02 59.24 ± 4.81 54.42 64.15 0.074

Left SA 64.41 ± 6.92 51.36 71.48 59.59 ± 4.62 55.67 64.41 0.093

*p < 0.05: Mann-Whitney U test; SD — standard deviation; rest abbreviations — see Table 1
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Table 5. “r” values of Spearman’s rho nonparametric correlations coefficients between the morphometric measurements of the tibia in 
Van cats by gender

Female Male

Age (A) Body mass (W) Right GL1 Left GL1 Right Bp Left Bp Right Bd Left Bd Right SD Left SD 

Age (A) 0.957** 0.878** 0.878** 0.781* 0.830* 0.634 0.390 0.830* 0.781*

Body mass (W) 0.390 0.898** 0.922** 0.814* 0.814* 0.707 0.599 0.719* 0.731*

Right GL1 –0.488 0.119 0.952** 0.762* 0.786* 0.595 0.476 0.643 0.571

Left GL1 –0.342 0.262 0.929** 0.690 0.714* 0.619 0.476 0.667 0.571

Right Bp 0.098 0.595 0.476 0.405 0.905** 0.762* 0.429 0.500 0.714*

Left Bp 0.390 0.571 0.167 0.333 0.690 0.476 0.357 0.571 0.810*

Right Bd 0.488 –0.310 –0.786* –0.714* –0.333 0.167 0.357 0.357 0.333

Left Bd 0.098 –0.476 –0.429 –0.405 –0.095 0.286 0.810* 0.238 0.381

Right SD –0.025 0.060 0.431 0.467 0.407 0.192 –0.443 –0.084 0.833*

Left SD 0.537 0.524 –0.024 0.214 0.048 0.167 –0.262 –0.452 0.515

*p < 0.05; **p < 0.01; abbreviations — see Table 1

Table 4. Descriptive statistics and homotypic variations of the biometric parameters of the tibia obtained from three-dimensional  
reconstruction of computed tomography images in Van cats

Parameter Male Female P*

Mean ± SD Minimum Maximum Mean ± SD Minimum Maximum

Right GL1 113.27 ± 4.84 105.43 120.74 108.14 ± 3.06 103.27 112.80 0.059

Left GL1 113.57 ± 5.48 105.09 123.31 107.86 ± 2.97 102.42 110.81 0.036

Right Bp 19.12 ± 0.70 18.17 19.95 18.31 ± 0.54 17.37 19.10 0.021

Left Bp 19.07 ± 0.90 17.41 20.21 18.37 ± 0.33 17.81 18.77 0.052

Right Bd 15.02 ± 0.72 14.34 16.11 13.80 ± 0.61 12.79 14.58 0.006

Left Bd 15.31 ± 0.67 14.33 16.40 13.65 ± 0.61 12.71 14.47 0.001

Right SD 8.16 ± 0.68 7.17 9.16 7.40 ± 0.43 6.89 8.05 0.036

Left SD 7.91 ± 0.79 7.12 9.40 7.58 ± 0.46 6.99 8.08 0.674

Right V 7.55 ± 1.27 6.05 9.50 6.18 ± 0.51 5.36 6.91 0.036

Left V 7.57 ± 1.28 6.02 9.62 6.11 ± 0.53 5.30 7.01 0.021

Right SA 56.84 ± 6.48 42.70 63.21 52.53 ± 2.95 47.49 57.00 0.027

Left SA 56.94 ± 6.46 43.05 62.66 52.91 ± 3.35 47.81 56.94 0.093

*p < 0.05: Mann-Whitney U test; SD — standard deviation; other abbreviations — see Table 1

Table 6. Descriptive statistics and homotypic variations of the biometric parameters of the fibula obtained from three-dimensional 
reconstruction of computed tomography images in Van cats

Parameter Male Female P*

Mean ± SD Minimum Maximum Mean ± SD Minimum Maximum

Right GL2 105.09 ± 5.08 97.92 113.15 100.78 ± 2.32 97.28 103.99 0.074

Left GL2 105.67 ± 6.22 97.33 115.56 100.66 ± 2.64 96.84 104.18 0.074

Right V 1.09 ± 0.16 0.90 1.29 0.83 ± 0.05 0.76 0.90 0.001

Left V 1.10 ± 0.18 0.83 1.30 0.82 ± 0.05 0.73 0.90 0.003

Right SA 14.07 ± 1.60 11.72 15.97 11.95 ± 0.43 11.15 12.60 0.012

Left SA 14.28 ± 1.62 11.77 16.07 11.95 ± 0.53 11.21 12.56 0.012

*p < 0.05: Mann-Whitney U test; SD — standard deviation; other abbreviations — see Table 1
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(p > 0.05). Femur volume was found as 8.57 ± 1.33 cm3  
in males and as 7.00 ± 0.49 cm3 in females on aver-
age, while the surface area was calculated as 64.28 ±  
± 6.72 cm2 for males and as 59.42 ± 4.72 cm2 for 
females, on average.

Table 3 shows the relationship between the mor-
phometric values for femur based on sex. Accordingly, 
female cats have positive correlations between the 
following values (p < 0.05): age and left Bd; right 
GL with left GL, right GLc, and left GLc; left GL with 
right GLc and left GLc; right GLc, and left GLc; right 
greatest breadth of the proximal end (Bp) with left 
Bd and left SD; right Bd with left Bd, right greatest 
depth of the caput ossis femoris (Dc), and left Dc; left 
Bd and right Dc; and finally, right SD and left SD. The 
male cats, on the other hand, were found to have 
positive correlations between the following values  
(p < 0.05): between ‘age and W’ with right GL, left GL,  
left GLc, left Dc, and right SD values; right GL with 
left GL, left GLc, left Dc, right SD, and left SD; left GL 
with left GLc, left Dc, right SD, and left SD; left GLc 
and right SD; right Bp and left Dc; left Bp and right 
Dc; right Bd and left Bd; right Dc and left Dc; and 
finally, right SD and left SD. 

The defining statistics for the morphometric values 
of tibia, and the comparisons in terms of homotypic 
variations, are provided in Table 4. Accordingly, male 
cats were found to have higher left GL1, right Bp, 
right Bd, left Bd, right SD, right V, left V, and light 
surface area (SA) values compared to females, and 
this difference was determined to be statistically sig-
nificant (p < 0.05). No statistical difference in terms 
of measured left and right average tibia values was 
found, however (p > 0.05). Tibia volume was found 
as 7.56 ± 1.28 cm3 on average for males and as for  
6.15 ± 0.52 cm3 females, while its SA was determined 
as 56.89 ± 6.47 cm2 for males and as 52.72 ± 3.15 cm2  
for females, on average.

Table 5 presents the relationships between the 
morphometric values of tibia per sex. Accordingly,  
a positive correlation with 92.9% ratio was deter-
mined between the right GL1 and left GL1 values 
of the female cats, while a positive correlation with 
81% ratio was determined between their right Bd 
and left Bd values (p < 0.05). Meanwhile, negative 
correlations for females between right Bd with right 
GLl and left GL1 values were determined with 78.6% 
and 71.4% ratio, respectively (p < 0.05). For male 
cats, a positive correlation was shown between age 
and W values with right GL1, left GL1, right Bp, left 
Bp, right SD, and left SD values; between right GL1 
with left GL1, right Bp and left Bp values; between 
left GL1 and left Bp values; between right Bp with left 
Bp, right Bd, and left SD values; and between left SD 
with left Bp and right SD values (p < 0.05).

The defining statistics for the morphological val-
ues of fibula per sex and homotypic variations are 
provided in Table 6. Accordingly, male cats were found 
to have a higher left side SA value compared to the 
right side, and the difference was statistically signif-
icant (p = 0.012). No other statistical difference was 
determined between the right and left side tibia aver-
age values per sex (p > 0.05). That being said, right V, 
left V, right SA, and left SA values were found to be 
higher in males compared to females in a statistically 
significant manner (p < 0.05). Fibula average volume 
was determined as 1.10 ± 0.17 cm3 for males and as 
0.83 ± 0.05 cm3 for females, while its surface area 
was determined as 14.18 ± 1.61 cm2 for males and 
as 11.95 ± 0.48 cm2 for females.

Table 7 presents the relationship between the 
measured morphometric values for fibula bones. Ac-
cordingly, a positive correlation in male cats between 
age with W, right GL2 and left GL2 values with 95.7%, 
78.1%, and 87.8% ratio, respectively, while a positive 
correlation was found between W with right GL2 and 
left GL2 values with 83.8% and 92.2% ratios, and be-
tween right GL2 and left GL2 values with 97.6% ratio 
(p < 0.05). Similarly, a positive correlation between 
right GL2 and left GL2 values was determined for 
females with 95.2% as well (p < 0.01).

DISCUSSION
Studies on the morphology of animal bones yield 

important data for a variety of developmental, evo-
lutionary and forensic sciences. Studies on the mor-
phometric and volumetric analyses and morphology 
of the long bones, in particular, are of great help in 

Table 7. “r” values of Spearman’s rho nonparametric correla-
tions coefficients between the morphometric measurements of 
the fibula in Van cats by gender

Female Male

Age (A) Body mass (W) Right GL2 Left GL2

Age (A) 0.957** 0.781* 0.878**

Body mass (W) 0.390 0.838** 0.922**

Right GL2 –0.195 0.333 0.976**

Left GL2 –0.293 0.310 0.952**

**p < 0.01; *p < 0.05; abbreviations — see Table 1
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determining crucial behavioural activities that differ 
among animal species, such as foraging, hunting, 
evading hunters, and migration; as well as their phy-
logeny, allometry and postures. In addition, these 
measurements hold an important place in deter-
mining morphological variations and taxonomic 
classifications among different species of the same 
genus; as well as identifying the differences between 
sexes [5, 23, 38]. For this purpose, many studies have 
been conducted on humans [21, 22, 42] and animals  
[2, 5, 9, 10, 14, 16, 29, 33, 36] that involved obtaining 
osteometric measurements on the long bones of their 
pelvic limbs. In our study, the morphometric, volu-
metric and surface area measurements of the femur, 
tibia, and fibula of adult Van cats were obtained via 
CT scans and 3D modelling, in order to identify the 
differences between the two sexes. According to 
these statistics, the right GL, left GL, right GLc, left 
Bd, right V, and left V values of the femur, the left 
GL1, right Bp, right Bd, left Bd, right SD, right V, left V,  
and right SA values of the tibia, and the right V, left V,  
right SA, and left SA values of the fibula are higher 
in male cats than that of female cats in a statistically 
significant fashion (p < 0.05). Most of the other 
measurements were likewise found to be higher in 
male cats. We can, therefore, surmise that the femur, 
tibia and fibula of the male cats are larger than that 
of the female cats. We think that the larger bones 
of the pelvic limbs in male Van cats are correlates to 
the body mass as well as the bones in thoracic limbs 
according to data obtained from the previous studies 
by Yilmaz [48].

In the study conducted by Pazar and Kahvecioğlu 
[36] on 15 male and 15 female New Zealand rab-
bits, the researchers found no significant difference 
between the morphometric properties on the long 
bones of the right and left pelvic limbs (p > 0.05). In 
the present study, although no statistically significant 
difference was found between the morphometric val-
ues of the right and left tibia and fibula of different 
sexes (p > 0.05), it has been observed that in female 
cats, the femur right SD value is higher than the left 
SD value, and in male cats, the femur left Bd value is 
higher than the right Bd value in a statistically signifi-
cant manner (p < 0.05). These results are thought to 
be important for the evaluation of unilateral studies 
of the pelvic limb long bones in Van cats.

In their study, Boonsri et al. [5] report that 
the GL values of the femur, tibia and fibula of 
cats with the dolichocephalic and mesaticephalic 

skulls are 108.95 ± 5.14 and 95.37 ± 12.39 mm,  
110.12 ± 5.39 mm and 96.88 ± 12.69 mm, and  
101.75 ± 6.01 and 84.53 ± 17.50 mm, respectively. In 
the same study, the measurements of these bones be-
longing to male and female domestic cats were report-
ed to be 103.64 ± 12.80 mm and 101.22 ± 10.74 mm,  
105.65 ± 12.48 mm and 102.07 ± 10.57 mm, and 
94.79 ± 17.13 mm and 93.21 ± 12.07 mm, respec-
tively. In Turkish Van cats, these values in male and 
female cats were, respectively, 108.84 ± 4.93 mm  
and 103.31 ± 2.93 mm, 113.42 ± 5.16 mm and 
108.00 ± 3.02 mm, and 105.38 ± 5.65 mm  
and 100.72 ± 2.48 mm. It is thought that in gen-
eral, the marginal differences among these values 
that are otherwise in compliance with literature, 
and the difference can be attributed to factors such 
as age, length, body weight, breed and measuring 
techniques. In addition, according to these values, 
the Van cats are similar to cats with a dolichoce-
phalic skull shape in terms of pelvic limb long bone 
dimensions.

Studies show that there is a close relation be-
tween age and body weight with the evaluation of 
long bones of the hind legs; or the development of 
these bones, especially from a young age [2, 7, 20]. It 
has also been found that there is a generally positive 
correlation between the morphometric measuring 
parameters of these bones [5]. Our study shows, 
regarding the properties of the femur based on 
sex, that there is a significant positive relationship 
between the age and body mass (W) with right 
GL, left GL, left GLc, left Dc, and right SD values of 
male cats, as well as the age and left Bd values of 
female cats (p < 0.05). On the other hand, while 
there is a positive correlation between body mass 
and morphometric parameters, no significant rela-
tionship could be found (p > 0.05). Regarding the 
measurements of tibia based on sex, while a positive 
relationship between the age and body mass with 
right GL1, left GL1, right Bp, left Bp, right SD, and 
left SD values in male cats was observed, no statisti-
cally significant relationship between age and body 
mass and these values were noted in female cats  
(p > 0.05). Regarding fibula measurements and sex, 
although there was a positive relationship between 
age and body mass (W) with right GL2 and left GL2 
in male cats; there was only a positive relationship 
of 95.2% in right GL2 and left GL2 values in female 
cats (p < 0.01). The correlation between the meas-
urements of femur, tibia, and fibula of male and 
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female cats are provided in the Tables 3, 5, and 7. 
In general, we can interpret that there is a positive 
correlation between age and body mass with the 
measurement values of the long bones in the pelvic 
limbs in Van cats.

Thanks to the recent developments in CT and 
3D reconstruction software, it has become possi-
ble to obtain images of any desired width from an 
anatomical section without any physical harm to 
the animal, and the morphometric, volumetric and 
surface area measurements can now be obtained in  
a fast and efficient way. In this manner, the efficacy of 
the diagnosis and treatment of various pathological 
conditions afflicting the anatomical area of interest 
can also be evaluated [21, 26, 46]. A literature survey 
has shown that, while the volumetric and surface 
area measurements of the long bones of pelvic limbs 
belonging to humans [21], brown bears [13], chin-
chillas [33], guinea pigs [11], and gazelles [12] have 
been obtained using CT and 3D imaging software, no 
information regarding the long bones of pelvic limbs 
of cats could be found in literature in that regard. The 
mean volumetric values of the femur were 8.57 ±  
± 1.33 cm3 in males and 7.00 ± 0.49 cm3 in females; 
while their mean surface areas were 64.28 ± 6.72 cm2 
in males and 59.42 ± 4.72 cm2 in females. The mean 
volumetric values of the tibia were 7.56 ± 1.28 cm3 
in males and 6.15 ± 0.52 cm3 in females; while their 
mean surface areas were 56.89 ± 6.47 cm2 in males 
and 52.72 ± 3.15 cm2 in females. The mean volumet-
ric values of the fibula were 1.10 ± 0.17 cm3 in males 
and 0.83 ± 0.05 cm3 in females; while their mean 
surface areas were 14.18 ± 1.61 cm2 in males and 
11.95 ± 0.48 cm2 in females. The average volume and 
surface area measurement values in pelvic limb long 
bones are higher in male Van cats. It is thought that 
this difference detected between the measurement 
values of these bones may be related to body mass.

CONCLUSIONS
In conclusion, the sex-based differences of the 

measured parameters of the femur, tibia and fibula 
belonging to adult Van cats were detected. We believe 
that the information gathered in this study can be uti-
lised in determining morphological variations and the 
taxonomy of different lineages of Van cats. Moreover, 
this study has hopefully uncovered information that 
will be beneficial to the clinical studies of veterinarians 
that seek to treat Van cats’ pathological conditions of 
the osteological structure, and for zooarchaeologists.
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Background: Tendocalcaneus is a strong tendon that is vital for bipedalism in 
humans. Despite its tremendous strength, the tendocalcaneus is prone to damage 
and degeneration causing mobility problems and pain. Morphometric dimension 
of the tendocalcaneus is of benefit to the surgical repair and reconstruction of the 
damaged tendon. Cadaveric approach provides a realistic method for determining 
tendocalcaneus morphometry and as at present only two cadaveric studies on 
Indian population is available. Thus this study presents data on tendocalcaneus 
morphometry in South Africans of European ancestry using a cadaveric approach. 
Materials and methods: A total of 66 lower limbs (32 left and 34 right legs) 
sourced from 49 male and female cadavers were used. After careful dissection 
of the posterior aspect of leg, the medial and lateral length, distal width, distal 
circumference and proximal width of the tendocalcaneus were measured. 
Results: The data showed a high degree of reproducibility indicating that the 
measurements obtained using cadaveric approach were precise and accurate. 
There was no difference in measurements between the sides. Measurements in 
the males were generally higher than in the females. Strong associations were 
observed between the paired measurements of the medial and lateral tendon 
length and between the distal width and distal circumference.
Conclusions: The data obtained will be useful in predicting tendocalcaneus size 
during the surgical reconstruction of the tendocalcaneus. (Folia Morphol 2021; 
80, 1: 196–203)

Key words: cadavers, European ancestry, Achilles morphometry, tendon, 
South African

INTRODUCTION
Tendocalcaneus (TC) is a strong, whitish and poorly 

vascularized tendon in the posterior compartment of the 
leg where it serves as the insertion, via a conjoint ten-
don, for the gastrocnemius and soleus and sometimes 
the plantaris [9, 10, 33]. The conjoint tendon inserts to 
the supero-posterior aspect of the calcaneal tuberosity 
[31]. With this arrangement, the calf muscles are able 
to plantarflex the foot at the ankle joint thus make the 

TC vital for bipedalism in humans [31]. In addition, the 
TC transmits force from the muscle to the foot bones 
during walking and as such it endures a significant 
strain and stress which may explain the reason for its 
high mechanical strength and flexibility [40, 43, 44]. 
Mechanical strength is also reinforced by the tightly 
packed bundles of collagen fibres in the tendon [13, 25].

The TC is one of the most commonly injured ten-
dons in humans [14, 22, 29, 32, 45]. The most com-
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mon site of rupture is 2–6 cm from its insertion point 
due to the small cross sectional area (CSA) at this re-
gion, its large eccentric loads and reduced vascularity 
[9, 38]. TC rupture is due to a sudden or aggressive 
dorsiflexion of a plantar-flexed foot which then causes 
the sudden displacement of the weight-bearing foot 
with the knee in extension [14]. Most TC injuries are 
related to sport [14, 15, 21] or could be as a result 
of overuse or age-related stiffness that reduces the 
ability of an individual to withstand stress [39, 48]. 
Similarly, spontaneous TC rupture has been reported 
in dialysis and renal transplant patients [42]. Although 
the exact cause remains controversial however calcium 
phosphate build-up and the use of steroid treatment 
in renal failure often cause weakening of tendons  
[5, 28, 42]. Interestingly, there is reduced injury inci-
dence in older individuals unless the tendon is sub-
jected to sudden rapid contractions which can then 
cause the tendon to tear [14, 27, 43]. Age-related 
reduction in collagen content also makes the tendon 
more prone to repetitive tears due to a decrease in the 
mechanical strength of the tendon [35]. Whereas in 
athletes or physically active individuals, the constant 
use of the tendon predisposes them to higher risk of 
injury than in less active individuals [37, 39] because 
the mechanical properties are dependent on the ex-
tent of mechanical strain put on each of the limbs i.e. 
a case of loading versus strength of the tendon [2].

The propensity of TC to damage and the subse-
quent surgical repair or management makes it crucial 
to understand its morphometry in different population 
groups. Only two studies are available on the mor-
phometry of TC using a cadaveric approach and both 
studies utilized cadavers of Indian population [19, 
41]. Data that closely match the TC dimensions in the 
living in different population groups will be of benefit 
to surgical repair and management of tendinopathy. 
The present study assessed the TC morphometry of 
South Africans of European ancestry using a cadaver-
ic approach. Cadavers were utilised as they provide  
a realistic measurement and a better morphological 
description in a three-dimensional [19, 34] compared 
to a highly-subjective two-dimensional ultrasound 
scans [47]. According to Thoirs and Childs [47], image 
acquisition using ultrasound is identified as the major 
contributor to measurement errors of the TC. These 
errors are due to variations in equipment, positioning 
of the subject and stabilisation of the lower limb, 
non-standardized transducer pressure, transducer 
orientation and equipment settings [46, 47].

MATERIALS AND METHODS
Sample population

A total of 34 right (18 female and 16 male) and 32 
left (17 female and 15 male) lower limbs from cadavers 
of South Africans of European ancestry (Table 1) were 
used which were housed in the School of Anatomical 
Sciences at the University of the Witwatersrand, Jo-
hannesburg, South Africa for teaching purposes. Ap-
proval was granted (Ethics Number: W-CJ-140604-1)  
by the Human Research Ethics Committee (Medi-
cal) of the same university. Therefore the study was 
conducted in accordance with the ethical standards. 
From the cadavers available for this study, 17 left and  
17 right limbs (i.e. both limbs) were sourced from the 
same cadavers and the rest were from 32 cadavers. 
The mean age of the female cadavers was 76.9 years 
(range: 53–94 years) and that of the male cadavers 
was 74.6 years (range: 52–93 years) (Table 1). Cadavers 
with any physical scars or deformity on the lower limb 
were excluded from the study. 

anatomical dissection

With the body in the prone position and the lower 
limb in full extension, a longitudinal incision was 
made on the posterior surface of each lower limb 
extending from the popliteal fossa to the inferior 
aspect of the calcaneus bone. The skin was carefully 
reflected to reveal the underlying structures. The 
subcutaneous fascia and fat were also removed. The 
crural fascia was then cut open to expose the muscles 
in the posterior compartment of the leg. At the pop-
liteal fossa, a 2.5 cm transverse incision was made in 
the medial and the lateral direction (perpendicular to 
the longitudinal incision) to allow for adequate space 
to examine the deep structures without compromis-
ing the use of the cadavers for teaching purposes. 
Similarly, at the heel, about 5 cm long incisions were 
made on the medial and lateral sides of the foot (also 
perpendicular to the longitudinal incision). 

Table 1. Demographics of cadavers and distribution of lower 
limbs

Sex Age Side

Mean SD Left Right Total

Female 76.9 11.2 17 18 35

Male 74.6 11.3 15 16 31

      32 34 66

SD — standard deviation
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Measurements

With the knee in full extension and the foot in  
a dorsiflexed position (approximately 90°), modified 
measurements (Fig. 1) previously described by Kumar 
et al. [19] were taken on each limb. Soft tissue within 
the area of the calcaneus and deep to the TC was 
cleared until the superior aspect of the calcaneus was 
visible (Fig. 1C). Similar to Liem et al. [23], Ebeling et 
al. [11] and Kumar et al. [19], the superior aspect of 
the calcaneal tuberosity was used as the reference 
point from which all measurements were taken in 
order to reduce variability in the measurements. Also 
for repeatability, the distal width and circumference 
(Fig. 1B) were measured 2 cm from the reference 
point [11, 23] while the proximal width was deter-
mined at the lowest level of the musculotendinous 
junction of the gastrocnemius [3, 35, 36]. Due to ease 
of access, visibility and without cutting the TC that 
may compromise measuring its actual length, the me-
dial and lateral lengths of the tendon (Fig. 1A) were 
considered to be the actual length of the TC which is 
a slight modification to the measurements by Kumar 
et al. [19]. This modification was used because there 

is a significant variation to the extent or level at which 
the gastrocnemius and the soleus muscles contribute 
to the formation of the TC due to the non-constant 
orientation of the tendon fibrils [7, 9, 10]. 

The measurements used in the present study are 
summarized below: 

 — medial length of the tendon (LOTM) — distance 
from the superior aspect of the calcaneal tuber-
osity to the lowest point of the musculotendinous 
junction of the medial head of the gastrocnemius 
muscle (Metre rule);

 — lateral length of the tendon (LOTL) — distance 
from the superior aspect of the calcaneal tuber-
osity to the lowest point of the musculotendinous 
junction of the lateral head of the gastrocnemius 
muscle (Metre rule);

 — distal width (DW) — measurement taken at a level 
2 cm above the superior aspect of the calcaneal 
tuberosity (Vernier calliper);

 — proximal (PW) width — measurement taken at the 
lowest point on the musculotendinous junction 
of the gastrocnemius muscle (Thread and metre 
rule);

Figure 1. Photographs showing the tendocalcaneus (TC) on the posterior compartment of the left leg and the description of the measured pa-
rameters; A. The dissection revealing the level of the superior aspect of calcaneal tuberosity (SCT) and measurement of the medial length of 
tendon (LOTM; point A’ to B’) and lateral length of tendon (LOTL; point A’ to C’); B. The levels at which measurement for the distal width (DW) 
and distal circumference (DC; 2 cm from the level of SCT) and then the proximal width (PW; lowest level of musculotendinous junction of the 
gastrocnemius) were performed; C. The lateral view of the SCT and a portion of the length of TC; LHG — lateral head of gastrocnemius;  
MHG — medial head of gastrocnemius; Lat — lateral; Prox — proximal; Post — posterior.

A

B

C
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 — distal circumference (DC) — measurement tak-
en at a level 2 cm above the superior aspect of 
the calcaneal tuberosity (around the distal width) 
(Thread and metre rule). The superior aspect of 
the calcaneal tuberosity was used as a reference 
point for the DW and DC (Fig. 1B). 

statistical analyses

An inter-observer reliability test (Lin’s concord-
ance test) was used to determine the level of preci-
sion and accuracy between the measurements [20, 
24]. This test was performed to determine the degree 
of agreement between test and retest measure-
ments. After establishing that the measuring tech-
nique is adequate, data were collected separately 
for male and female groups. Descriptive statistics 
including means and standard deviation was ob-
tained for each measurement. A Student’s t-test was 
used to determine side and sex differences for each 
measurement. In addition, a Pearson’s correlation 
coefficient was used to assess the strength of the 
association between the different dimensions of 
the TC. All statistical analyses were performed using 
SPSS software (version 22.0; IBM, US). Statistical 
difference of 5% was regarded significant for all the 
statistical analyses.

RESULTS
Test of reliability of measurements

The Lin’s concordance correlation coefficient (Pc) 
for all measurements is shown in Table 2. The Pc ranged 
between 0.971 for DW and 0.995 for LOTL, which 
indicates a high degree of reproducibility. The meas-
urement technique is therefore precise and accurate 
based on the result of the Pc. The measurement error 
from subsequent data collected and analysed for the 
current study is considered minimal and acceptable. 

assessment of side difference 

A comparison of mean measurements from both 
sides were made separately for male and female 
samples from cadavers whose both lower limbs were 
dissected. Table 3 shows that there is no statistically 
significant differences between the two sides indi-
cating a lack of side dominance. 

descriptive statistics 

The mean and standard deviation for each meas-
urement of the left and right TC are presented in 
Table 4. The LOTM, LOTL, DC and DW (right leg) of the 

TC displayed sexual dimorphism but not the PW and 
the DW (left leg). 

Correlation analyses 

The associations for the different TC dimensions 
were separated to give clear details about the rela-
tionship between any paired measurements with re-
spect to sex and side. Using the Pearson’s correlation 
coefficients [1], strong associations were observed 
between the paired measurements of LOTL and LOTM  
(R ≥ 0.8) for both sexes and sides. Association be-
tween DC and DW (R ≥ 0.7) was similarly strong except 
for the male left leg. In addition, association between 
DW and PW showed a negative strong association  
(R = –0.7) in the male left leg. Other paired measure-
ments displayed moderate associations (R = 0.4–0.6). 
The association between measurements of the right 
and left TC for both sexes showing only the strong 
and moderate associations is presented in Table 5. 

DISCUSSION
Ultrasound is the most preferred method for di-

agnosing TC rupture and which is also commonly 
utilised in determining the TC morphometry [3, 8, 11, 
17, 35, 36]. There is usually a high variability in the 
TC dimension when measurement is obtained from 
images acquired using ultrasound. This variability is 
due to the non-uniformities of equipment, different 
resolutions of equipment and image acquisition pa-
rameters [46, 47]. For example, Pang and Ying [35] 
observed that the measurement outcome for CSA did 
not correspond with the TC thickness in their study 
on TC morphometry using an ultrasound. They con-
cluded that this was so because the measured CSA 
was more accurate than the TC thickness. Thus the 
approach used (i.e. ultrasound) was implicated as 
the source of errors or variability [35]. This therefore 
means that there is a need to present data on TC 
morphometry that is more precise and accurate. The 
results of the present study showed a high degree 

Table 2. Lin’s concordance correlation of reproducibility

Measurements Pc

LOTM 0.993

LOTL 0.995

DW 0.971

DC 0.990

PW 0.990

LOTM — medial length of tendon; LOTL — lateral length of tendon; DW — distal width; 
DC — distal circumference; PW — proximal width
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Table 3. Comparison between mean measurements of left and right tendocalcaneus

Female Male 

Left Right

t p

  Left Right

t pN Mean SD Mean SD N Mean SD Mean SD

LOTM 10 173.0 22.4 162.4 15.9 1.22 0.24 7 193.4 22.9 191.4 26.0 0.15 0.88

LOTL 10 194.4 23.1 186.3 10.3 1.01 0.33 7 228.5 28.8 220.1 21.2 0.62 0.55

DW 10 12.9 3.8 13.2 3.6 0.18 0.86 7 14.9 2.2 15.6 1.7 0.67 0.52

DC 10 40.3 8.0 40.4 8.1 0.03 0.98 7 45.3 4.2 43.7 4.3 0.71 0.49

PW 10 73.2 9.5 71.3 6.3 0.53 0.61 7 66.1 5.9 73.6 11.6 1.52 0.15

LOTM — medial length of tendon; LOTL — lateral length of tendon; DW — distal width; DC — distal circumference; PW — proximal width; SD — standard deviation

Table 4. Descriptive statistics of measurements of the tendocalcaneus 

Female Male  
t

 
pN Mean SD N Mean SD

Left

LOTM 17 178.4 25.3 15 202.5 20.7 3.04 0.005

LOTL 17 197.0 19.4 15 227.5 24.3 4.04 0.000

DW 17 13.9 3.3 15 15.8 2.1 1.98 0.057*

DC 17 41.2 6.7 15 46.1 4.5 2.42 0.022

PW 17 72.8 9.4 15 71.6 13.7 0.61 0.766*

Right            

LOTM 18 173.4 21.4 16 195.1 22.5 2.88 0.007

LOTL 18 194.7 16.4 16 219.4 18.3 4.17 0.000

DW 18 13.1 2.8 16 15.3 1.9 2.63 0.013

DC 18 38.4 6.5 16 43.2 3.7 2.62 0.013

PW 18 71.2 7.5 16 75.4 13.6 1.12 0.273*

*No significant difference at p ≤ 0.05; LOTM — medial length of tendon; LOTL — lateral length of tendon; DW — distal width; DC — distal circumference; PW — proximal width; SD — 
standard deviation

Table 5. Correlation coefficient between measurements of the left and right tendocalcaneus

 

Female Male

LOTM LOTL DW DC PW LOTM LOTL DW DC PW

Left

LOTM  

LOTL 0.9 0.8

DW 0.4  

DC 0.9   0.6

PW 0.5 0.4   0.4 –0.7

Right                

LOTM  

LOTL 0.8 0.8

DW 0.5 0.5 0.4

DC 0.6 0.6 0.9   0.7

PW   0.6 0.4

LOTM — medial length of tendon; LOTL — lateral length of tendon; DW — distal width; DC — distal circumference; PW — proximal width
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of reproducibility indicating that the measurements 
obtained were precise and accurate. Cadaveric ap-
proach seems to be a more idealistic approach as it 
provides a three-dimensional view of the structure 
from which measurements of different parameters 
and direct observations can be conducted. Only few 
data on the TC morphometry using cadaveric ap-
proach is available (e.g. Kumar et al. [19]); however, 
its benefits have been utilised in similar studies such 
as patella-patellar ligament morphometry [34].

The result of the present study is consistent with 
that obtained for other studies in that the TC dimen-
sions were not significantly different between the 
sides [8]. The base-line morphometric profile of the 
TC is very useful as it has been shown that the ten-
don properties of both TC are asymmetrical [2]. Thus  
a morphometric distinction between a pathological 
and a non-pathological tendon is of paramount impor-
tance in the surgical repair of the TC and post-surgery 
mobility recovery. In addition, the differences in the 
TC morphometry between sides may not be entirely 
pathological but may be as a result of sidedness [2].  
Leg dominance with respect to TC is particularly in-
teresting in that some studies [2, 12, 35] reported 
the left leg as the dominant leg despite the fact that  
a significant number of people are right-sided [26, 35]. 
In the study by Pang and Ying [35], the participants 
were asked to elect a limb to kick a ball. A significant 
number elected the right limb but their elected limb 
was considered non-dominant. This makes sense in 
that the left ankle in right-sided individuals endures 
significant tension while acting as push off during 
certain activities e.g. ball kicking. This also accounts 
for the high prevalence of left TC injuries owing to 
the fact that many individuals are right-sided [26, 35]. 

Several factors, e.g. subjects’ physical activities, 
sex and age, have been suggested to be contributing 
factors to the differences in the TC morphometry  
[2, 34, 35]. Differences in foot types also have a direct 
relationship with the TC morphometry [30] as a thin 
TC is often associated with a flat-arched foot type due 
to the reduced effectiveness of the transfer of force 
from the heel to the forefoot during the propulsion 
phase of walking [18, 49]. Likewise, a thin TC is also 
more prone to rupture and it is more vulnerable to 
developing tendinopathy than a thicker TC [16]. It is 
thus logical to observe morphometric variations in 
measurements taken within any population group 
(e.g. athlete vs. non-athlete) and the variation could 
be more significant between different population 

groups. Despite the differences in approaches used 
(e.g. ultrasound or cadaveric) for TC morphometry, the 
mean values for the distal width in the present study 
is within close range with other ultrasound studies  
[4, 8, 17, 36]. However it differs from Kumar et al. [19] 
and Singhal et al. [41] that measured the tendon near 
their insertions unlike the present the study that took 
measurements at the region where the TC is most 
prone to injury. The mean values also fall within the 
range that were reported for white, non-white or black 
population groups [8, 36]. This consistency could be 
attributed to the superficial position of this section of 
the TC (i.e. distal part) that makes it easy to measure 
when using any of the two approaches. 

Tendon degeneration is common in old age due to  
a reduction in the collagen fibrils but results in an 
increase in tendon fibrils [35]. These two factors con-
tribute to the differences in TC morphometric. The 
reduction in collagen in-turn lowers the mechanical 
strength of tendon making aged individuals to be more 
prone to repetitive tears [6, 16]. As tendon constantly 
remodels in order to repair the repetitive tears, the heal-
ing tendon hypertrophies which could thus introduce 
more variability in the TC dimension across any popu-
lation group. Most cadavers in our facility are aged and 
it is thus a limitation for the present cadaveric study. 

In the present study, strong associations were 
found between the medial and lateral lengths of 
the TC and between the distal width and distal cir-
cumference of the TC of both legs while moderate 
to weak associations were reported for other paired 
measurements in the legs for both sexes. Kumar et al. 
[19] similarly reported weak to moderate associations 
in the TC dimensions in the male cadavers. In the latter 
study, weak associations were reported for paired 
measurements between the tendon length and the 
tendon circumferences (proximal and distal) similar 
to the findings of the present study for the male ca-
davers. There was also a weak association between 
the tendon length and the rest of the measurements 
[19]. Moderate associations were reported between 
proximal and distal widths as well as between distal 
width and distal circumference [19] which are similar 
to the results of the present study. The significant sim-
ilarities between the present findings and the report 
by Kumar et al. [19] further indicates the adequacy of 
a cadaveric method for determining the TC morpho-
metry. Based on the strong associations, it seems that 
the TC length, distal width and distal circumference 
could be dependable factors for predicting the normal 
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size of the TC. This will be of help to surgeons during 
the surgical repairs of the TC. 

CONCLUSIONS
The presented morphometric profiles of the TC us-

ing a cadaveric approach are considered highly accu-
rate suggesting that the measurements obtained may 
closely match that in the living of similar age. Although 
cadaveric approach is faced with numerous limitations 
(e.g. age range owing to cadaveric collection, sample 
size, population group etc.), it still offers a realistic 
approach for morphometric measurements. A more 
comprehensive morphometric data of the TC that 
takes into account the body weight, stature, physical 
activities and pathologies etc. still need to be conduct-
ed as this will be helpful during the surgical repair of 
the tendon. Future studies should also incorporate 
the measurement of CSA of the TC across different 
population groups using histological approach. This 
may shed more light into the associations between 
the tendon length, the TC distal width and distal 
circumference where most TC injuries often occur. 
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Background: The anatomical localisation of the odour glands, which increase activ-
ity during the reproduction period and help goat species to find each other, varies. 
Materials and methods: In our study, the anatomical and histological structures 
of the glands around the horn were examined in the Gurcu and Abaza goats, 
which are native breeds. In this study a total of 12 Abaza and Gurcu goat heads 
were used. 
Results: The area between the two horns and area at the back of the horns were 
shaved to remove all hair. The distance between the horns of both goat breeds 
was measured using an electronic calliper. The mean distance between the horns 
of the Abaza goats was determined as 36.80 ± 8.62 mm while this distance 
was 39.63 ± 4.10 mm for the Gurcu goats. Gland tissue that could not be seen 
anatomically under the skin was examined histologically. For the histological 
examination, skin samples were taken from the anterior, middle, right posterior 
and left posterior of the area between the two horns of both breeds. Crossman 
triple staining and haematoxylin and eosin staining were applied to the samples. 
Conclusions: Glandula intercornualis was found to be slightly caudal between 
the horns in both breeds and normal sebaceous glands were almost absent in 
the areas where these glands were found. Lobes and branched alveolar glands 
were located around the hair follicles. (Folia Morphol 2021; 80, 1: 204–209)

Key words: horn gland, Abaza goat, Gurcu goat

INTRODUCTION
Abaza goats are farmed in the province of Artvin 

in Turkey and are generally bronze, white, black or 
brown [1]. Their mouths, horns, legs and the area 
around their eyes are generally black. They have  
a thin body structure and therefore likened to gazelles. 
The bucks have sword-like flat broad horns, while the 
females may or may not have horns. It is also known  
that Abaza goats are of Capra aegagrus origin [3].

Gurcu goats, also known as Tbilisi goats or Cauca-
sian goats, are originally from the Caucasus and are 
bred in the North-Eastern region of Turkey, especially 
in the province of Kars and Ardahan. Gurcu goats, 
which are mostly black, grey or white, originate from 
the auger horned goat Capra falconeri, and are par-
ticularly similar to Abaza goats reared in Şavşat or 
Borçka [3, 14]. Gurcu goats have long and straight 
horns that meet at the end which distinguishes  
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them from hair goats. Gurcu goats can also be horn-
less [3, 16]. 

The horn glands in the horn roots of goats are se-
baceous glands and the goats emit an odour through 
these glands to find their mates during breeding 
periods [8]. The secretion of the modified sebaceous 
glands was also believed to be involved in the pro-
duction of this fragrance [2, 4, 10, 13]. French [9] 
stated that the presence of horns in male goats was 
a characteristic of Italian goats. Sar and Calhoun [13] 
reported large, branched, alveolar and sebaceous 
glands at the base of the horns and ears of American 
goats. Jenkinson et al. [10] reported that the odour 
of British Saanen goats mainly comes from enlarged 
sebaceous glands located in the head and neck. Bal 
and Ghoshal [2] reported that the cross-section di-
ameters of female and castrated male fat cells are 
larger than male fat cells American goats, and the 
glands are more active during breeding season. Sar 
and Calhoun [13] and Bal and Ghoshal [2] described 
the sebaceous glands between the horn glands as 
being simple, branched or alveolar. According to Bal 
and Ghoshal [2], although females had sebaceous 
glands, they had no characteristic odour. In other 
studies in the literature, it has been reported that 
testosterone increases the size and activity of the 
sebaceous glands [7, 15].

Various anatomical and histological studies have 
been conducted on the horn glands and sebaceous 
glands of goats found in different parts of their bod-
ies [5, 12]. 

Various studies have been conducted on goat 
breeds native to Turkey [6, 11]. However, no anatom-
ical and histological studies have been conducted on 
Abaza and Gurcu goats. Thus, in the present study, 
the glandula intercornualis, special skin glands lo-
cated between the two horns of Abaza and Gurcu 
goats, was studied.

MATERIALS AND METHODS
This study was approved by the local Ethics Com-

mission of Experimental Animals of Kafkas University. 
A total of 12 Abaza and Gurcu goat heads were 
used in the present study (regardless of gender). 
The materials were supplied during the sale of the 
Abaza and Gurcu goat herd sacrificial and forbear-
ance from Kafkas University Education, Research and 
Application Farm. The head samples were obtained 
between June and December. Firstly, the anterior and 
posterior of the heads and the area between the two 

horns were shaved to remove all hair. The distance 
between the two horns of both goat breeds was 
then measured using an electronic calliper. The left 
and right horn lengths and the transverse surface of 
the horns of both goat breeds were measured using 
a tape measure. Subsequently, for the histological 
examination, skin samples of approximately 1 × 1 
size were taken from the anterior, middle, right pos-
terior and left posterior of the area between the two 
horns of both breeds. The skin samples were kept in 
10% formaldehyde for 24 hours and then underwent 
routine histological follow-up (alcohol-xylol) series 
and paraffin-blocked. Crossman triple staining and 
haematoxylin and eosin staining were applied to the 
samples by taking 5–6 sections with microtome from 
these blocks. After the staining, the samples were 
examined under a light microscope (Olympus B×51, 
Japan). The locations of the horn glands detected in 
both goat breeds were photographed.

RESULTS
Macroanatomic findings

The distance between the horns of the Abaza 
and Gurcu goat was measured using an electronic 
calliper. The mean distance between the horns of 
the Abaza goats was 36.80 ± 8.62 mm while this 
distance was 39.63 ± 4.10 mm for the Gurcu goats. 
The mean horn lengths for the Abaza and Gurcu goats 
were 276.66 mm and 288.66 mm, and the transverse 
surface lengths of the horns were 193.33 mm and  
218.33 mm, respectively. Similarly, the mean horn 
lengths of the right and left horns of the Gurcu goats 
were 382.5 mm and 395 mm and their transverse sur-
face lengths were 170 mm and 175 mm, respectively. As 
a result of the macro-anatomical analyses performed,  
the presence of glandula intercornualis, which can be 
seen in various goat breeds macroscopically, was not 
found in the samples used in this study (Figs. 1, 2). 

Histological findings

As a result of the light microscopic examinations 
conducted on the skin samples, it was observed that 
both goat breeds contained layers of epidermis, der-
mis and muscle (Fig. 3). The epidermis layer was found 
to be multi-layered and have a flat epithelium and 
microscopic papillae. Under the epidermis, there were 
the stratum papillare (str. superficiale) and stratum 
reticular (str. profundum) substrates of the dermis, as 
well as the connective tissue of the dermis, vessels, 
veins, hair roots and hair muscles (Figs. 4, 5). It was 
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seen that the sebaceous glands that have a plurivac-
uolar structure and contain oil droplets were open 
at the hair roots (Fig. 6). In addition, the presence of 
sweat gland drainage duct structure was determined 
in both goat breeds (Fig. 5).

After the gland structures of the two goat breeds 
were determined, normal sebaceous gland structure 

(Fig. 7) was observed to be intense behind the horn 
and less localised in the anterior parts. In the present 

Figure 1. The horns of an Abaza goat.

Figure 2. The horns of a Gurcu goat.

Figure 3. Microscopic view of the skin of goats; triple ×2.

Figure 5. Dermis structures of the goats. Arrowhead: hair root; thin 
arrow: sebaceous glands; thick arrow: sebaceous gland-like struc-
tures; double headed arrow: muscle erector battery; triple ×20.

Figure 4. Dermis layers of in the goats; a — dermis; b — stratum 
polymorphic; c — stratum superficial; d — collagen yarns;  
e — epidermis.
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study, it was observed that these gland structures 
were in the back part of the middle part of the horn 
as we thought that there might be horn glands. It was 
determined that these gland structures were located 
parallel to the epidermis in the stratum superficiale 
layer of the dermis in both goat breeds (Figs. 8, 9). In 
the Abaza goats, these gland structures were found 
in the middle part of the superficial region of the 
dermis layer, in a more regular and broadly located 
lobed form (Fig. 10). In the Gurcu goats, the locali-
sation of these glands was more superficial, in other 
words, close to the epidermis and had a narrower 
structure with more lobes (Fig. 11). In both breeds, 
it was observed that the normal sebaceous glands 
were negligible in the regions containing this gland 

Figure 7. Microscopic view of a hair follicle, sebaceous gland and 
sweat gland drainage duct. Arrowhead: hair root, thin arrow: oil 
glands, thick arrow: sweat gland duct.

Figure 8. Localisation of the glands in stratum superficiale of the 
Gurcu goats. Thick arrow: triple ×4, similar to the sebaceous gland 
structures.

Figure 9. Localisation of the glands in the stratum superficiale of 
the Abaza goats. Thick arrow: triple ×4, similar to the sebaceous 
gland structures.

Figure 10. Lobe (alveolar) structure of the glands of the Abaza 
goats. Thick arrow: oil cloth-like structures, haematoxylin and 
eosin.

Figure 6. The opening of the sebaceous glands to the hair root in 
the dermis. Thin arrow: sebaceous glands, arrowhead: hair root, 
double-headed arrow: multi-layer epithelial structure.
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structure. It was thought that these glands, which 
had more lobes and branched alveolar structures, 
may be the horn glands as they were different from 
the typical sebaceous glands found around the hair 
root. In some cases, these glands which were thought 
to be the horn glands and the sebaceous glands were 
found together; however, they contained cells with 
different structures and staining properties (Fig. 12). 
In addition, when the sebaceous gland structures 
of the two breeds were examined, it was observed 
that the fat cells in the Gurcu goats were structurally 
smaller than those of the Abaza goats.

DISCUSSION
In the present study, the front, back and side of 

the horn glands were determined by cross-section  in 
two different, but morphologically similar, breeds of 
the Abaza goat and Gurcu goat.

Figure 11. Multi-lobed structure of the glands of the Gurcu goats. 
Thick arrow: triple, similar to the sebaceous gland structures, ×10.

Figure 12. Different cell groups located between the fat cells in the 
dermis. Thick arrow: oil gland-like structures; triple ×40.

Lancker et al. [12] reported that the horned glands 
of the polled goat breeds were located on the caudal 
surface of the head under the skin folds [12]. This, 
however, was not observed in the present study for 
the Abaza goats or the Gurcu goats.

In a study on the horn glands of West African 
dwarf goats and red Sokoto goats conducted in Ni-
geria, the horn glands were reported to be simple or 
branched alveolar sebaceous glands. It was stated 
that the horn glands were structurally similar to the 
sebaceous glands located in other parts of the body 
in both the males and the females. As with other 
sebaceous glands, the horn glands are often said to 
be associated with hair follicles. However, in a few 
cases, it has been reported that one or more seba-
ceous glands are associated with a hair follicle, and 
each of these glands has a separate secretion portion, 
as well as a separate secretory channel opening to 
the hair follicle. In the Abaza and Gurcu goats, it was 
observed that the glands were simply branched and 
alveolar, and their secretions were drained through 
the hair follicles [5]. The structures specified as horn 
glands in the present study were found to be similar 
to the glands of the Nigerian goat breeds. However, 
unlike the breeds in Nigeria, a secretion channel was 
not found in the Abaza and Gurcu goats.

Some authors reported that two sebaceous glands 
associated with a single hair follicle had two lobes 
[2, 10]. This was found to be similar for the Abaza 
goats examined in the present study; however, more 
lobed glands were found around a hair follicle in the 
Gurcu goats.

In a study conducted on American goats, horn 
glands and other sebaceous glands were compared 
and it was reported that the sebaceous glands had 
larger alveoli [13]. In the present study, it was seen 
that the sebaceous glands had more alveoli than the 
horn glands in the goat breeds, and that the structures 
that were thought to be horn glands in both of the 
goat breeds were more than the sebaceous glands.

West African dwarf goats are found in the tropical 
forest areas of Southern Nigeria, while red Sokoto 
goats are found in the savannah regions of Northern 
Nigeria. It was reported that climate can have an im-
pact on the glands of these goats, and that seasonal 
changes alter the size of the British and American 
goat horn glands [2, 10].

It has been reported that the differences in the 
cross-sectional area of the horn glands and other se-
baceous glands were more prominent in male Nigerian 
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goats than the female ones and that these glands were 
involved in odour production [5]. In the present study, 
the reason for the glands being larger and more active 
was thought to be because the samples used were 
collected during the breeding season of the goats.

CONCLUSIONS
In the present study, horn glands could not be 

detected macroanatomically in the Abaza and Gurcu 
goat breeds; however, they were found histologically 
and their structure were seen to be similar to those 
mentioned in the literature. This study can help guide 
future studies.
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Background: Partridge is a major bird species that has recently gained an in-
creasing importance as an alternative food source and a game animal in hunting 
tourism. Herein, we aimed to examine the histological structure and stereological 
properties of the renal and adrenal glands of red-legged partridge. 
Materials and methods: Seven healthy adult red-legged partridges (Alectoris 
chukar) of both genders were used in this study. The Alectoris chukars were per-
fused with the intracardiac method and were kept in 10% formaldehyde for 72 h  
for optimal fixation. The tissues were embedded in paraffin after routine light 
microscopic processes. Then, 5-µm thick sections were taken, which were stained 
with haematoxylin and eosin, photographed, and examined in light microscope. 
Modified Cavalieri principle was used for volume calculation as stereological anal-
ysis. Total tissue volume ratios were calculated with the help of a point grid pro-
vided by the Shtereom 1.5 packaged programme. Mann Whitney-U test was used 
for inter-group comparisons. The significance level was set at 5% SPSS (ver: 13)  
statistical software was used for all statistical analyses. 
Results: Renal histological structure was found to resemble those of other bird 
species and contained a mixed type (mammalian, reptilian) glomerular structure. 
It was also found that the adrenal histology was not in the form of separate layers 
but composed of cell groups with different properties. Stereological renal volume 
assessment revealed statistically similar right and left renal size (p > 0.05). In 
adrenal gland volume assessment, the right and left adrenal volumes were also 
statistically similar (p > 0.05).
Conclusions: The obtained data in the present study is thought to contribute to 
the understanding of the stereological, morphological and histological structure 
of the red-legged partridge (Alectoris chukar) kidney and adrenal gland. (Folia 
Morphol 2021; 80: 1: 210–214)

Key words: adrenal gland, kidney, partridge, stereology 

INTRODUCTION
The partridge is the common name for belonging 

to the Alectoris and Perdix species of the Phasianidae 
family [4]. The partridge is a major bird species that 
has recently gained an increasing importance as an 

alternative food source and a game animal in hunting 
tourism. 

The kidneys are located on both sides of the ab-
dominal aorta and inferior vena cava in the dorsal part 
of the abdominal cavity, and the adrenal glands are 
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located on the cranial pole of both kidneys [16]. The 
kidneys of bird species have an intermediate structure 
between mammalians and reptilians. The bird spe-
cies do not possess a renal pelvis, urinary bladder, or 
urethra [14]. Histologically, their kidneys have a mul-
tilobulated pattern and isolated cortex and medulla 
which are separated by a fine connective tissue. They 
have two types of nephron structures. The first one is 
designated as the mammalian or medullary type and 
is composed of a renal corpuscle, a proximal convo-
luted tubule, a distal convoluted tubule, a collecting 
tubule, and thin and thick segments of Henle’s loop. 
The second type is the reptilian type also called as 
the cortical type, which has a smaller renal corpuscle 
but no Henle’s loop; additionally, there is a short sec-
tion between proximal convoluted tubule and distal 
convoluted tubule, which is named the intermediate 
tubule [13]. Adrenal glands are anatomic structures 
that play an important role for accommodation to 
all types of stress and, by hormones they produce, 
they contribute to many metabolic processes. In bird 
species the shape of the adrenal glands is highly 
variable, with inter-species and even inter-individual 
variations being possible. Experimental removal of 
adrenal glands results in death of birds [16]. It was 
showed in a review of the literature that there have 
been anatomic studies on red-legged partridge, but 
not specifically on its renal and adrenal gland struc-
ture. It was aimed to perform a detailed histological 
and stereological study of red-legged partridge’s renal 
and adrenal glandular structures in this study.

MATERIALS AND METHODS
Seven healthy adult red-legged partridges (Alecto-

ris chukar) of the both genders were used in this study. 
The animals were obtained from Van Yuzuncu Yil 
University Wildlife Protection Centre. It was approved 
by Van Yuzuncu Yil University Local Ethics Committee 
(27/06/2019/ 06) complied with the study proce-
dures. The partridges were anesthetised with 10 mg/ 
/kg Xylazine HCL (Rompun 2%, 50 mL, Bayer) and 
with 40 mg/kg i.m. Ketamine HCL (Ketalar 50 mg/mL, 
10 mL vial, Pfizer). The animals were perfused with 
intracardiac method and dissected tissues were kept 
in 10% formaldehyde for 72 h for optimal fixation 
[18]. The tissues were embedded in paraffin after 
completion of routine histological light microscopy 
procedures. Then, 5-µm thick sections were obtained. 
The first section was randomly selected and then the 
40th section was taken. The sections were stained 
with haematoxylin and eosin, photographed, and 
examined in light microscope.

Stereological analysis

Stereology, random and systematic sampling is 
utilised to gain unbiased and quantitative informa-
tion. Among stereological analyses, modified Cava-
lieri principle was used for volume calculation. Then, 
total tissue volume ratios were calculated using  
a point grid provided by the Shtereom 1.5 packaged 
programme (Fig. 1). Volume calculation was carried 
out using the following formula: v(obj) = t × a/p × Sp.  
V(obj) is the volume of the objective, t is the section 

Figure 1. Transverse section of kidney photographed (×4 objective) and a point counting grid superposed onto it for the volume calculation.
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thickness, a/p represents the area of each point on 
the point counting grid and Sp is the total number of 
points hitting the renal and adrenal areas [9, 10]. Co-
efficient of error (CE) and coefficient of variation (CV) 
were used to determine the optimum sample size in 
each group in the standard stereological approach [8].  
The values of the CE and CV in our study were in 
accordance with the literature data.

statistical analysis

Descriptive statistics included median, mean, 
standard deviation, minimum and maximum. In-
ter-group differences were analysed with Mann-Whit-
ney U test. The significance level was set at 5%. All 
statistical analyses were performed with SPSS (ver.13) 
statistical software package programme.

RESULTS
The stereological analysis revealed that the left 

and right kidneys had similar sizes. A stereological 
volume calculation showed a right renal volume of 
2.28 mm3 and a left kidney volume of 3.02 mm3. 
Comparison of both renal volumes revealed a slight 
but statistically non-significant difference between 
both kidneys (p > 0.05) (Table 1). The microscopic 
examination of the histological sections demonstrat-
ed that the kidney was composed of lobules, each 
being composed of the cortical and medullary parts 
and encapsulated by connective tissue containing 
blood vessels. The renal structure was composed of 
60% cortex and 40% medulla on the right side and 
80% cortex and 20% medulla on the left kidney. The 
nephrons had structure two type of nephrons that the 
reptile and mammalian nephrons (Fig. 2). The number 
of reptilian nephrons was larger than the mammalian 
nephrons. The two nephron types also had different 
distributions so that they were more numerous in 

the cortex but there were only tubal structures in the 
medulla. The mammalian type nephrons were located 
in deep cortex, close to the medullary cone, whereas 
the reptilian nephrons were located in the peripheral 
and middle parts of the cortex, aligned in horseshoe 
shape around the central vein (Fig. 3). 

Examination of the adrenal glandular structure 
showed that the left and right adrenal glands had 
some differences in shape but not in size, and a stere-
ological volume assessment revealed that the volume 
of both adrenal glands was 0.02 mm3 (p > 0.05) 
(Table 1). A general histological examination showed 
that the adrenal gland did not have three distinct 
different layers but only cellular differentiation (dark, 
light coloured; having different nuclear structures); 
the glands were encapsulated by a connective tissue 
containing blood vessels capsule separating them 
from the kidneys. The adrenal gland had a separate 
vascular supply (Fig. 4).

DISCUSSION
It was showed that the renal structure of red-leg-

ged partridge was similar to those of other bird 
species in this study. Red-legged partridge had two 
kidneys encapsulated by connective tissue contain-
ing blood vessels sheaths and composed of multiple 
lobules containing the cortical and medullar parts. 
The stereological volume assessment has shown that 
the right and left renal size were similar statistically. 
Previous studies on the right and left renal size of 
bird species have revealed variable results. One study 
reported that there were no difference between the 
right and left renal size [6] whereas another study re-
ported difference between the left and right renal size 
[17]. Similarly, studies assessing the cortical and med-
ullary volumes of bird species have reported variable 
results. A study has reported that 90% of the total 

Table 1. Descriptive statistics and comparison of the results

Right Left P

Median Mean SD Min. Max. Median Mean SD Min. Max.

Kidney tot. vol. [mm3] 2.28 3.34 2.18 1.61 6.88 3.02 2.61 0.85 1.52 3.80 0.499

Cortex vol. [mm3] 1.55 2.02 1.14 1.03 3.94 2.43 2.09 0.88 0.70 3.08 0.735

Kidney tot. vol./Cortex vol. [mm3] 1.67 1.60 0.27 1.22 1.91 1.24 1.36 0.38 1.06 2.17 0.310

Medulla vol. [mm3] 0.91 1.32 1.08 0.30 2.94 0.59 0.53 0.24 0.18 0.82 0.091

Kidney tot. vol./Medulla vol. [mm3] 2.50 3.24 1.53 2.10 5.52 5.14 6.60 4.93 1.85 16.74 0.176

Cortex vol./Medulla vol. [mm3] 1.50 2.24 1.53 1.10 4.52 4.14 5.60 4.93 0.85 15.74 0.259

Adrenal gland tot. vol. [mm3] 0.02 0.02 0.01 0.01 0.03 0.02 0.02 0.01 0.02 0.03 0.499

Max. — maximum; Min. — minimum; SD — standard deviation
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Figure 4. A. Haematoxylin and eosin (H&E) stain-
ing. The general appearance of the adrenal gland 
(arrow). Scale bar = 500 µm; B. H&E staining.  
The adrenal gland structure and vascularization. 
Scale bar = 100 µm.

Figure 2. A. Haematoxylin and eosin (H&E) stain-
ing. Kidney nephron structure. The reptilian-type 
nephrons (black arrows). Scale bar = 50 µm;  
B. H&E staining. The mammalian-type nephron. 
Scale bar = 50 µm.

Figure 3. A. Haematoxylin and eosin (H&E) stain-
ing. The general appearances, lobular structure and 
vascularisation of kidney. Scale bar = 500 µm;  
B. H&E staining. The histological structure of kid-
ney. Medulla (white asterisk), cortex (black aster-
isk), horseshoe-shaped reptile glomerular structure 
(black arrow). Scale bar = 500 µm

volume of bird kidney was composed of the cortex 
and 2% of the medulla [3]; another one has reported 
corresponding figures of 77% and 10%, respectively 
[19]. It was founded that the cortical ratio similar 
to the literature data, but the medullary ratio was 
slightly higher in this study. Casotti and Braun [5] re-
ported that renal volume varied by the living environ-
ment of the bird species. Literature data suggest that  
a bird’s renal shape, size, and structure change by 
its diet, phylogeny, and environmental factors [17]. 

All animals were in the same region and climatic 
conditions (maximum temperature 30–33°C). The 
basic renal structure is composed of nephrons. The 
bird kidney is different from the mammalian one 
because it is composed of a two types of nephrons re-
sembling mammalian and reptilian nephrons [2, 12].  
Similarly, in our study, two types of nephrons were 
observed. Prior studies have shown that more nu-
merous reptile nephrons are located in the periphery 
of the lobule, a small renal corpuscle, and no loop 

A B

A B

A B
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of Henle. It has been reported that the mammali-
an nephrons are larger and had a more complex 
renal corpuscle and are located deep in the cortex 
neighbouring the medulla; additionally, they con-
tain a loop of Henle, and are less in number [1]. 
Herein, it was shown a similar number and distri-
bution of nephrons. The nephrons are responsible  
for filtration, reabsorption, and secretion, thereby 
forming urine. The bird’s nephrons are composed 
of a glomerulus, a proximal tubule, a distal tubule, 
and collecting ducts [14]. This study also revealed 
similar results.

The present study demonstrated that the adre-
nal glands were located at the cranial pole of the 
kidneys and medial to them, as Nickel et al. [15] has 
reported. It was found the adrenal histology was 
not in the form of separate layers but composed of 
cell groups with different properties (having a dark 
or light colour and varying nuclear structure). It was 
also shown that the right and left adrenal glands had 
different shapes and there were also inter-individual 
differences. The adrenal gland was separated from 
the kidney tissue with a connective tissue sheath and 
had a separate vascular supply. The results of this 
study are in accordance with the previous studies on 
bird species [16]. Among the studies on adrenal gland 
size, Humayun et al. [11] and Wells and Wight [20] 
reported that the left adrenal gland was larger than 
the right one in chickens of both genders whereas 
Ozudogru et al. [16] as well as Elbajory [7] reported 
that the right adrenal gland was larger than the left 
one. The weight, length, width, and thickness of the 
adrenal glands vary by a number of factors, such as 
species, breed, age, health status, and environment 
[11]. In this study it was detected that there is no 
difference between stereologically calculated volumes 
between the right and left adrenal glands.

CONCLUSIONS
The obtained data in the present study is thought 

to contribute to the understanding of the stereolog-
ical, morphological and histological structure of the 
red-legged partridge (Alectoris chukar) kidney and 
adrenal gland. We think that it will be a guide for the 
studies about red-legged partridge (Alectoris chukar).
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Bilateral multiple renal arteries are not-so-rare variations. However, inferior renal 
polar arteries with a high origin from the abdominal aorta have rarely been re-
ported. We found bilateral inferior renal polar arteries with a high origin from the 
abdominal aorta in an 84-year-old Korean female cadaver. Two right and three 
left renal arteries were seen with the lowest as the main renal artery bilaterally. 
The highest artery crossed the main renal artery and penetrated into the inferior 
pole of the kidney, respectively. After dissection, each inferior polar artery could 
be classified as the inferior segmental branch. A further understanding on its em-
bryogenesis might be important since variations in renal arteries are of particular 
interest to clinicians as well as anatomists. (Folia Morohol 2020; 80, 1: 215–218)
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INTRODUCTION
The renal vascular system is extensive and has 

significant variability, and detailed anatomical knowl-
edge of renovascular varieties is important for clinical 
and radiologic procedures. The reported incidence 
of multiple renal arteries is approximately 20% and 
varies with ethnicity ranging from 4% in a Malaysian 
population to 61.5% in a Brazilian population [8]. 
The frequency is lowest in eastern and southern 
Asia (from 4% to 18.4%), reported to be 13.0% in 
Korean. Double and triple renal arteries have been 
reported, with respective incidences of 18.7% and 
3.0% [18], 17.4% and 0.9% [10], and 19.7% and 
3.6% [19]. The incidence of bilaterality was much 
lower, reported in approximately one-fifth of multiple 
renal arteries [14]. 

Among these variations, the inferior renal polar 
arteries usually arise from the aorta or the renal 
artery, and much less frequently from a suprarenal, 
common iliac, or superior mesenteric artery [1].  

The incidence of inferior renal polar arteries at 
an extrahilar level originating in the abdominal 
aorta varies between 0.6% (71/1237) [1] and 9.7% 
(24/250) [19]. Because the metanephros receives 
more new cranial branches from vessels close to 
it during ascent while the former lower branches 
are degenerated [7], incomplete degeneration of 
the former lower branches leads to the presence 
of the inferior renal polar artery below the renal 
artery. Therefore, the inferior renal polar arteries 
showing upward course have been implicated as 
an etiological factor in a form of hydronephrosis 
surgically correctable [1].

The inferior renal polar arteries with a high origin 
from the abdominal aorta may cross the lower renal 
arteries to supply the inferior pole of the kidney, which 
has rarely been reported to date [2, 13, 16]. Herein, 
we presented a case of bilateral inferior renal polar 
arteries originating from a high aortic position and 
discussed its embryological significance. 

https://orcid.org/0000-0002-6387-5803
https://orcid.org/0000-0003-1350-3582


216

Folia Morphol., 2021, Vol. 80, No. 1

CASE REPORT
During routine educational dissection, we found 

a rare variation of bilateral inferior renal polar arter-
ies (Fig. 1) in an 84-year-old Korean female cadaver, 
whose cause of death was ‘cerebral infarction’. 

The renal arteries were designated R1 to R2 from 
the highest to the lowest on the right side and, sim-
ilarly, L1 to L3 on the left side, in which the lowest 
was the main renal artery bilaterally. We analysed the 
distance from the bifurcation of the abdominal aorta, 
the vertebral level at the origin, the external diameter, 
the segmental distribution, and other characteristics 
of each renal artery (Table 1). 

On the right side (Fig. 1A), two renal arteries 
arose from the anterolateral aspect of the abdominal 
aorta. The superior additional artery (R1) arose from 
above the main renal artery (R2) and crossed the 
main renal artery anteriorly into the inferior pole of 
the right kidney.

On the left side (Fig. 1A), three renal arteries arose 
from the abdominal aorta. The superior additional 
artery (L1) arose from the posterolateral aspect of the 
abdominal aorta just below the superior mesenteric 
artery, and ran forward the main renal artery (L3), 
then divided and entered the superior and inferior 
pole of the left kidney, respectively. The left suprarenal 

Table 1. Morphologic parameters of the bilateral multiple renal arteries. Renal segments classified into superior, anterior superior,  
anterior inferior, inferior, and posterior according to a previous report [19] 

Variables Distance from the bifurcation 
of the abdominal aorta [mm]

Vertebrae level  
at origin

External diameter 
[mm]

Segmental distribution

Right

R1 95 Intervertebral space 
between LV 1–2

3 Inferior

R2 (main) 91 Upper half of LV 2 body 7 Apical; anterior superior; anterior inferior; posterior

Left

L1 101 Intervertebral space 
between LV 1–2

4 Apical; anterior inferior; inferior

L2 97 Intervertebral space 
between LV 1–2

3 Anterior superior; anterior inferior

L3 (main) 89 Upper half of LV 2 body 5 Apical; posterior

LV — lumbar vertebrae

Figure 1. Photographs of bilateral inferior renal polar arteries before (A) and after (B) dissection to clarify the segmental distribution. The mul-
tiple renal arteries were designated R1 to R2 from the highest to the lowest on the right side and, similarly, L1 to L3 on the left side. The high-
est artery (R1 and L1) arose from above the main renal artery (R2 and L3), crossed it, and entered the inferior pole of the kidneys, respectively.  
Dashed arrow — left suprarenal artery; CT — coeliac trunk; IMA — inferior mesenteric artery; SMA — superior mesenteric artery.
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artery arose from L1 (Fig. 1B). The middle additional 
artery (L2) arose from the anterolateral aspect of the 
abdominal aorta just below the L1, ran forward the 
main renal artery, and entered the kidney through 
the hilum below the main renal artery.

DISCUSSION
The inferior segmental artery variations of the 

kidney are subdivided into four types based on their 
origin: I — from the anterior division of the renal 
artery; II — from the posterior division of the renal 
artery, III — from the renal artery directly, and IV — 
from the aorta. The incidence of the inferior segmen-
tal branch arising from the aorta was approximately 
2.2% (10/459) [3], in which most of the inferior seg-
mental branches arose below the renal artery from 
the aorta. Meanwhile, the incidence of the inferior 
segmental branches detached from the superior renal 
artery was 1.6% (4/250) [19]. However, the authors 
did not mention whether the superior renal artery 
directly originated from the aorta or not. Only a few 
reports have been published on the inferior renal 
polar arteries with a high origin from the abdominal 
aorta [2, 13, 16]. The reported inferior renal polar 
arteries with a high origin from the abdominal aorta 
were right-sided, arose above the main renal artery 
from the aorta, and entered just below the renal hi-
lum, but clear explanations were lacking. The present 
case, the bilateral inferior segmental branch from the 
inferior renal polar arteries with a high origin from 
the abdominal aorta, might be the first report. A very 
similar case was reported in bilateral ectopic kidney 
in the pelvic cavity [7]. 

Nine pairs of arteries, the cranial (the 1st and the 
2nd pair), middle (the 3rd to the 5th pair), and the caudal 
(the 6th to the 9th pair), form a vascular network from 
the lateral aorta, the so-called rete arteriosum urogen-
itale between 6th cervical and 3rd lumbar vertebrae, 
and supply the mesonephros, metanephros, gonads, 
and the suprarenal glands [5]. The differing origins 
and/or additional numbers of renal arteries around 
the renal hilum are usually explained by this ‘ladder 
theory’. Insufficient degeneration of mesonephric 
arteries leads to the presence of more than one renal 
artery, with or without different origins. We agree 
with the previous report on the bilateral multiple 
renal arteries, and attempted to suggest a feasible  
explanation for the present case since the reason 
why the inferior renal polar arteries develop with  
a high origin from the abdominal aorta is not known. 

The existence of the inferior renal polar arteries with 
a high origin from the abdominal aorta could be 
explained by the persistence of a mesonephric artery 
from the cranial part with a longer oblique course 
to reach the lower pole of the kidneys as suggested 
in the case of high-positioned gonadal artery [4]. As 
in the high-positioned gonadal artery, an extremely 
high-positioned inferior renal polar artery was also 
reported with a thoracic origin at the lower thoracic 
vertebrae [6, 15]. Compared to normal renal arteries, 
the ectopic renal arteries arose more posteriorly or 
posterolaterally in origin from the aorta [7]. In the 
present case, L1 arose from the posterolateral aspect 
of the aorta and supplied the left kidney as the apical, 
anterior inferior and inferior segments, which might 
reinforce the previous hypotheses [4, 7].

Due to the very complex embryogenesis of the 
kidneys [8, 9], renal vascularisation variants are not 
uncommon, which is primarily important in surgery, 
nephrology, and radiology. In any surgical and inter-
ventional procedures, including renal transplants, 
aneursymorraphy, and other vascular reconstructions, 
unawareness of the presence of multiple renal arteries 
may result in a fatal outcome. The inferior renal polar 
artery with a high origin from the abdominal aorta 
showed a narrow calibre which has suggested as an 
etiological factor of renovascular hypertension [2].  
Although the mean renal artery diameter found 
in cadavers casted with synthetic resin (4.87 mm) 
was slightly less than that reported in angiographic 
studies (5.9 mm) [17], the dimeter of multiple renal 
arteries was significantly smaller than when a single 
renal artery was present [11] and the presence of  
a supernumerary renal artery should be predicted when 
the main renal artery has a luminal diameter less than 
4.15 mm in a cadaveric study [17]. Recently, the sum 
of the luminal areas of smaller, additional renal vessels 
needs to be equal to or a little higher than that of  
a single renal artery to compensate for based on the 
renal-aortic ratio [12]. In the present case, the right 
main renal artery was thicker than the left one, and 
more additional arteries on left side were expected, 
as suggested. 

CONCLUSIONS
Taken together, we clearly showed bilateral infe-

rior renal polar arteries with a high origin from the 
abdominal aorta for the first time based on embryo-
logical explanation. The renal artery presents a variety 
of spectra in morphological representations of num-
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bers, length, diameter, and branching level, which 
is extremely important as it enables efficient clinical 
interventions and reduces the risk of complications. 
Because the renal artery is an end artery, a deeper 
understanding on the renovascular development is 
important to clinicians as well as anatomists. 
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The lateral (temporal) wall of the orbit separates it from the temporal fossa and 
the anterior part of the temporal muscle. Within this wall, the sphenozygomatic 
suture joins the greater wing of the sphenoid bone and the zygomatic bone. We 
retrospectively documented in cone-beam computed tomography the anatomy of 
the orbit in a 56-year-old female and we found a previously unreported anatomic 
variant. The greater wing of the sphenoid bone and the zygomatic bone were 
separated, bilaterally, by a large unossified space which we termed the sphe-
nozygomatic fissure. This was merged inferiorly with the inferior orbital fissure.  
A possible imbalanced mechanism of membranous ossification of both the zy-
gomatic bone and the orbital surface of the greater wing could be speculated as  
a possible cause for such sphenozygomatic fissure. This previously undocument-
ed anatomic variant is of high clinical relevance, since it may allow orbital fat to 
herniate (or bulge) toward the temporal fossa, it may be easily damaged during 
minor trauma and it should be carefully approached during the surgery of the 
orbit through the lateral wall. (Folia Morphol. 2021; 80, 1: 219–221)

Key words: orbit, cone-beam computed tomography, temporal fossa, 
orbital hernia, hiatus

INTRODUCTION
The orbit is a 4-sided pyramid with walls that 

are built-up by either viscerocranial, or neurocranial 
bones [7]. The sphenozygomatic suture connects the 
greater wing of the sphenoid bone and the zygomatic 
bone on the lateral wall of the orbit [7]. 

The development of the orbit at the junction be-
tween the cranial membranous bones and the basal 
endochondral bones is complex [3]. Orbital bones 
initially form as a network of tiny bony ossification 
zones centrally, separated by large non-ossified areas 
[10]. As ossification proceeds, separate ossification 
zones gradually approach each other leaving unos-
sified spaces in between [10].

Various cranial abnormalities are caused by a ces-
sation of the development of specific structures at 
specific times. For example, defects in the apposition 
of the junctions of embryological fissures lead to 
clefting syndromes [3].

The inferior orbital fissure (IOF) was described by 
Lang (2011) [6]: it is wider laterally and narrower medi-
ally, being bordered superiorly by the greater sphenoi-
dal wing and inferiorly by the maxillary bone. Accord-
ing to Lang’s description, further quoted in Bergman’s 
Comprehensive Encyclopedia of Human Anatomic 
Variation [2], the anterolateral segment of the IOF 
may be formed by either the zygomatic bone (50%) 
or the sphenoid and maxillary bones (50%). In rare 
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cases, especially in older persons, the antero-lateral 
segment of the IOF may be thinned, which allows the 
orbital fat to herniate toward the temporal fossa [6].  
Anatomical restrictions for such “fat hernia” relate 
to the deepest portion of the temporal muscle that 
originates, occasionally, from the periorbital region 
and the pericranium covering the orbital muscles thus 
forming the closing plate of the IOF [6]. This single 
previous report on the possibilities of variation of 
the IOF does not cover, however, the possibility of  
a superior extension of the IOF, as a sphenozygomatic 
fissure, or hiatus, within the lateral orbit wall.

CASE REPORT
A retrospective cone-beam computed tomogra-

phy (CBCT) study of the archived files of a 56-year-old 
female patient was performed. 

The subject had been scanned using a CBCT ma-
chine — iCat (Imaging Sciences International), the 
DICOM file being further documented with the Plan-
meca Romexis Viewer 3.5.0.R software, according to 
a previously detailed study protocol [9]. We evaluated 
the orbit walls in all the three anatomical planes, as 
well as the three-dimensional volume renderisations. 
The orbit floor was fitted in the horizontal plane. 
Relevant anatomical features were exported as image 
files. The patient has given written informed consent 
for all medical data to be used for research, provided 
they are anonymised.

The patient had the temporal walls of both orbits 
largely incomplete on the entire height, this being 
accurately documented on serial axial slices (Fig. 1). 
The lack of bone was identified at the junction of the 
greater sphenoidal wing with the zygomatic bone, 

Figure 1. Axial slices through the orbits, superior-to-inferior series (A–L); 1 — zygomatic process of the frontal bone; 2 — greater wing of the 
sphenoid bone; 3 — lacrimal fossa; 4 — lesser wing of the sphenoid bone; 5 — frontal process of the zygomatic bone; 6 — superior orbital 
fissure; 7 — optic canal; 8 — deep anterior portion of the temporal muscle; 9 — foramen rotundum; 10 — zygomatic bone; 11 — temporal 
process of the zygomatic bone; 12 — infraorbital foramen; 13 — maxillary sinus; 14 — inferior orbital fissure; 15 — infratemporal spine 
(sphenoidal tubercle). The lateral walls of each orbit are superiorly thinned (black arrowheads) and inferiorly dehiscent (black arrows) at the 
sphenozygomatic junction (sphenozygomatic fissure).
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thus in the anatomical situs of the sphenozygomatic 
suture. We termed sphenozygomatic fissure the de-
hiscence of the lateral orbital wall. We also observed 
it was continuous with the IOF, thus extending the IOF 
upwards, between the orbit and the temporal fossa. 
The anterior part of the temporal muscle was locat-
ed immediately posterior to that sphenozygomatic 
fissure and was inserted onto the pericranium obtu-
rating the fissure. We did not find any evidence of 
tissue hernias from the orbit into the temporal fossa.

DISCUSSION AND CONCLUSIONS
Different imaging techniques are currently used 

to study the skull bones; however, CBCT images are 
superior over others for the bony anatomy and muscle 
attachments [5, 8]. Therefore, the CBCT method is 
reliable enough to assess this possible, but previously 
unreported, anatomic variant of the temporal wall of 
the orbit — the sphenozygomatic fissure. 

This bilateral anatomical “defect”, or cleft, of the 
orbit can predispose the patient to fractures of the 
orbital wall, even after a moderate trauma, or change 
the fracture pattern, as it changes the resistance 
structure of the cranium. Moreover, it is likely that 
orbital fat hernias could enter the temporal fossa 
not only through the IOF, but also via such a sphe-
nozygomatic fissure, which is a wider passage. There-
fore, if the anterior section of the temporal fossa is 
approached, extreme traction of orbital fat hernias 
should be avoided [6]. These large sphenozygomatic 
defects of the temporal wall of the orbit recommend 
delicate manoeuvres during lateral orbital approaches 
when the surgeon uses a pure zygomatic osteoto-
my [11]. Also, as the zygomatic bone is commonly 
involved in facial trauma, zygomatic fractures with 
displacement could lead to blow-in orbital fractures, 
especially when the temporal fossa anterior wall is 
thinned or incomplete, as in this case.

The bones of the chondrocranium usually have 
endochondral ossification centres, while the facial 
bones are formed by membranous ossification [12]; 
this however does not apply to the greater wing of 
the sphenoid bone (alisphenoid), which has both in-
tramembranous and endochondral components [4].  
The intramembranous part of the alisphenoid re-
places the orbital cartilage [4], thus participating in 
the lateral wall of the orbit. While the ossification 
of the zygomatic bone starts in weeks 23–31, that 
of the greater wing of the sphenoid bone begins 
later, in weeks 55–68 [10]. Therefore, an incomplete 

membranous ossification of the temporal wall of the 
may explain the formation of these bilateral sphe-
nozygomatic fissures. This mechanism could mirror 
the congenital anomalies of the sphenoid bone that 
are likely to occur at the fusion planes of the ossified 
cartilaginous precursors during development [1]. 
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During the routine gross anatomic dissection of a Turkish male cadaver; a variation 
of rhomboid muscles was observed on the left side. There were two rhomboid 
minors and three rhomboid majors coursing under the trapezius muscle. The 
origins of the upper and lower rhomboid minor muscles were C5, C6 and C7 
vertebrae, respectively. Their insertions were to medial border of scapula, to upper 
part and to lower part of the spine of scapula, respectively. The origins of the 
upper, middle and lower rhomboid majors were C7, T1–T3 and T4–T5 vertebrae, 
respectively. Their insertions were to the 2/3 most inferior part of the medial 
border of scapula, from superior to inferior in sequence. In the examination of 
the literature, we could not observe such a variation of these muscles. In surgical 
procedures these types of variations have a clinical importance for intrathoracic 
muscle flap transfers and in cases with the paralysis of trapezius muscle. (Folia 
Morphol 2021; 80, 1: 222–224)

Key words: dissection, anatomy, cadaver

INTRODUCTION
The rhomboid minor and rhomboid major muscles 

are inferior to levator scapulae muscle. Rhomboid 
minor is a small, cylindrical muscle and rhomboid 
major is a quadrilateral sheet of muscle [8]. These two 
muscles work together to retract or pull the scapula 
towards the vertebral column. With other muscles; 
they may also rotate lateral aspect of the scapula 
inferiorly [1]. In the literature; there are only a few 
reports related with the variation of these two mus-
cles [4, 5, 9]. In the present case; to our knowledge, 
we report a unique variation of these two muscles 
on the left side of a cadaver. 

CASE REPORT
During the routine gross anatomic dissection of 

the superficial back muscles of a 67-year-old Turkish 
male cadaver, a variation of rhomboid muscles was 

observed on the left side. There were two rhomboid 
minors and three rhomboid majors coursing under 
the trapezius muscle. The origins of the upper and 
lower rhomboid minor muscles were C5, C6 and C7 
vertebrae, respectively. Their insertions were to medial 
border of scapula, to upper part and to lower part 
of the spine of scapula, respectively. The origins of 
the upper, middle and lower rhomboid majors were 
C7, T1–T3 and T4–T5 vertebrae, respectively. Their 
insertions were to the 2/3 most inferior part of the 
medial border of scapula, from superior to inferior 
in sequence. In the examination of the literature, we 
could not observe such a variation of these muscles. 
In the cadaver, the left superficial back muscles, the 
right half of the hemithorax and right superficial 
back muscles were normal in every aspect (Fig. 1). 
There was any abnormality on the cadaver and it was  
a healthy specimen.
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DISCUSSION
The variations of the rhomboid muscles are 

very rare. During the superficial back dissection of  
a 72-year-old male cadaver, Jelev and Landzhov [4] 
observed an aberrant muscle bilaterally below the 
lower border of the rhomboideus major. The unu-
sual muscle arose by a thin aponeurosis from the 
spinous process of the mid-thoracic vertebrae and 
was attached laterally to the lowest part of the medial 
border of the scapula [4]. In the study of Mori [5],  
a muscular slip called “musculus rhomboideus minus” 
was described in 11–14% of the Japanese population. 
This muscle was originated from the spinous process 
above the latissimus dorsi origin, was coursing later-
ally and gradually disappearing or passing into the 
fascia of the teres major muscle [5]. Von Haffner [9] 
observed a small muscle on the right side of a cadaver, 
stretched between the sixth thoracic vertebra and 
the inferior angle of the scapula. The author named 
this muscle as “musculus rhomboideus minimus”. 
Additionally, in his case, bilateral incomplete agenesis 
of the trapezius muscles was present [9]. In another 
study, Saberi et al. [7] investigated the embryonic 
origins of the rhomboid muscles by following the 
derivatives of medial and lateral somite halves using 

quail-chick chimeras. Their results showed that the 
rhomboid muscles were made up of cells derived 
mainly from the lateral portion of the somite [7]. 

In animals: the rhomboid muscles always present 
cervical and thoracic parts and in carnivores there is 
an additional, capital part. Rhomboid muscles are 
innervated from the brachial plexus in the dog, but 
in some species they are also innervated by dorsal 
branches of local spinal nerves [2].

In the examination of the literature, our variation 
is unique and is clinically important. When found 
during surgical procedures, it can be used together 
with the usual rhomboid muscles for intrathoracic 
muscle flap transfers [3]. Additionally, the transfer of 
the rhomboid muscles to the infraspinous fossa (the 
Eden-Lange procedure) is important in cases with the 
paralysis of the trapezius muscle [6].

CONCLUSIONS
In the literature, variations of rhomboid muscles 

are scarce. The present case report describes a varia-
tion of the rhomboid muscles. In surgical procedures 
these types of variations have a clinical importance 
for intrathoracic muscle flap transfers and in cases 
with the paralysis of trapezius muscle.
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