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INTRODUCTION
Biological tissue is a three-dimensional (3D) struc-

ture with complex detailed structures and vast molec-
ular information, and how to acquire these data has 
always been a critical challenge [14, 20, 28, 35, 37, 
43, 44, 54]. This task has mainly relied on cutting the 
tissue into thin slices and providing cellular informa-
tion at the 3D level. Such conventional tissue imaging 
inevitably loses crucial molecular information after 

tissue slicing and also artificially segment intercon-
nection and function of tissues, which is particularly 
important for neurological studies. Therefore, how 
to transform intact tissues and organs into optically 
transparent structures has attracted people’s atten-
tion. Tissue optical clearing, a unique large volume 
imaging method, enable tissue structures to be vis-
ualized in the whole tissue or in the whole body that 
has not been sliced. Tissue clearing methods achieve 

CLARITY techniques based tissue clearing:  
types and differences
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CLARITY is a tissue imaging technique that uses hydrogel embedded tissue to 
remove lipids while maintaining the intactness of protein and tissue fine structure. 
CLARITY has been widely used in the field of three-dimensional reconstruction of 
intact tissues and biomolecular information analysis, which enhances the ability 
to obtain biological structural and molecular information from intact systems. 
Therefore, many modified tissue clearing methods based on CLARITY have 
emerged. However, the variety and complexity of modified CLARITY techniques, 
as well as such challenges as low tissue clearing efficiency, tissue damage, and 
expensive experimental equipment significantly limited popular application. This 
review systematically summarises the progress of CLARITY techniques from the 
perspective of tissue clearing and classifies them into active CLARITY, passive  
CLARITY, and the method of merging active CLARITY with passive CLARITY ac-
cording to different tissue clearing methods, which helps researchers to select  
a suitable tissue clearing method for the experimental samples more quickly and 
effectively based on balancing the removal speed and tissue transparency of 
different tissue clearing methods. In addition, combing through the advantage 
and highlighting the limitations of CLARITY techniques may be beneficial for the 
ideas building of different research and enlighten to improve the details of the 
techniques. (Folia Morphol 2022; 81, 1: 1–12)

Key words: CLARITY, three-dimensional imaging, tissue clearing,  
lipid removal, electrophoresis, brain, histology
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deeper imaging in large volumes by reducing scat-
tering and increasing the depth of light penetration  
[29, 45–47, 53]. Furthermore, these methods can 
adapt to various optical imaging techniques and show 
great potential to acquire 3D high-resolution images 
of intact tissue [5, 32].

At present, there are mainly three types of tissue 
clearing methods: hydrophobic, hydrophilic and hy-
drogel methods [39, 41]. Hydrophobic tissue clearing 
methods use organic solvents to achieve rapid trans-
parency of intact tissue by reducing light scattering 
[44]. 3DISCO, a hydrophobic tissue clearing method, 
can completely clear the intact adult mouse brain 
within 2 days. However, the storage time of samples 
is short owing to fluorescence quenching [10, 11]. 
The hydrophilic tissue clearing methods are carried 
out by using water-soluble reagents. Although the 
tissue clearing ability of hydrophilic tissue clearing 
methods (such as Scale, Scales, SeeDB, CUBIC, etc.) 
was sometimes inferior to that of hydrophobic tis-
sue clearing methods, they offer unique advantages, 
including preservation of protein function and high 
levels of biosafety and biocompatibility [16, 17, 19, 
38]. The hydrogel-based tissue clearing method is 
similar to the hydrophilic tissue clearing method, 
but the lipids are extracted from the hydrogel-tissue 
hybrid in a more aggressive way.

CLARITY (Clear Lipid-exchanged Acrylamide-hy-
bridised Rigid Imaging/Immunostaining/In situ hy-
bridisation-compatible Tissue-hYdrogel) proposed 
in 2013 is a hydrogel-based tissue clearing method, 
and its necessary steps are as follows: tissue fixation, 
hydrogel formation, lipid extraction, staining, and im-
aging [3]. By crosslinking acrylamide with intact tissue 
to form a reticular hydrogel structure, this technique 
provides a physical framework for tissue without 
destroying biomolecules and fine structure character-
istics of removing lipids from intact tissue to turn it 
into optically transparent and permeable transparent 
tissue. Therefore, it can be stained and de-stained for 
multiple rounds without tissue sections, and then 
the 3D structure of the tissue can be observed and 
constructed under an optical microscope. CLARITY 
was initially applied to construct the structure of 
brain tissue, showing neurotransmitters, cellular rela-
tionships, subcellular structures intact-tissue imaging 
of long-range projections, local circuit wiring, etc. 
It has been widely used in the basic research of the 
pathological structure of nervous system-related dis-
eases, transparent processing of intact organs (such 

as pancreas, lung, intestine, liver, and kidney), the 
relationship between organ structure and function 
and dynamic changes of blood vessels, 3D imaging 
of plant organs, 3D biogeography and metabolic 
status of microorganisms and other scientific research  
[1, 3, 4, 12, 25, 31, 36]. Furthermore, CLARITY can also 
be combined with traditional imaging techniques, 
which brings new opportunities for the fundamental 
study of disease pathology [36].

However, the variety and complexity of the im-
proved techniques for CLARITY, as well as such chal-
lenges as complicated steps, low tissue clearing ef-
ficiency, tissue damage, and expensive experimental 
equipment significantly limited popular application. 
This review systematically summarises the research 
progress of CLARITY techniques from the perspective 
of tissue clearing. The brief schematic representation 
of CLARITY and its modifications is shown in Figure 1.  
In addition, since the lipids in the tissue affect the 
tissue transparency to a great extent, the focus of 
CLARITY is the extraction of lipids from the tissue [22]. 
Lipid extraction can be passive thermal diffusion, with 
lipids captured in the detergent micelle diffusing, or 
active by applying an electric field. The two different 
methods of lipid extraction are compared in Table 1. 
According to the way of lipid extraction, these mod-
ified CLARITY are classified as active CLARITY, passive 
CLARITY, and the method of merging active CLARITY 
with passive CLARITY to select the appropriate tissue 
clearing method more quickly and effectively based on 
the balance of tissue clearing speed and tissue trans-
parency of different tissue clearing methods. Further-
more, combing through the advantages of CLARITY  
and highlighting limitations may be conducive to the 
construction of different research ideas and enlighten 
to improve the details of the techniques.

PASSIVE CLARITY
The diffusion barrier properties caused by the lipid 

bilayer of cells are related to chemical penetration and 
light scattering properties of the lipid-water interface, 
making the tissue difficult to visualise [3, 40, 54]. 
Therefore, lipid extraction is critical for the optical 
transparency of tissue. The original CLARITY used 4% 
sodium dodecyl sulphate (SDS) (sodium borate buffer, 
pH 8.5) at 37–50oC for electrophoretic tissue clearing. 
However, this may be difficult to implement and may 
lead to variability in the final tissue quality, including 
epitopes loss, damage to fine structure and tissue 
damage caused by heating. Fortunately, lipid extrac-



3

Z. Guo et al., CLARITY technique based tissue clearing

tion can be passive: lipids captured in the detergent 
micelles can slowly diffuse out of the tissue into the 
detergent solution. Temperature and solution affect 
the rate of lipid clearing, tissue homogeneity and 
protein loss, but excessive temperature can also lead 
to tissue damage and fluorescence quenching. Tissue 
clearing can also accelerate the removal process by 
gentle shaking and constantly changing the clearing 
solution. Poguzhelskaya et al. proposed a simplified 
diffusion-based method, omitting the electrophoresis 
chamber, called CLARITY2 [33]. The sample (1–1.5 mm 
thickness) can be completely cleared by incubating 
it in the clearing solution for 1–2 weeks, with gentle 
shaking at 37oC. Passive tissue clearing omits the 

time-consuming and laborious electrophoresis step 
and avoids the risk of tissue damage. Moreover, it 
was reported that there was no significant difference 
in protein concentration before and after between 
active and passive clearing [8].

However, several limitations and challenges are 
facing passive tissue clearing. The main weakness of 
passive clearing methods is the slow clearing speed, 
which makes them unsuitable for the clearing of large 
tissue volumes or whole organisms. Moreover, exces-
sive clearing time leads to a decrease in the signal of 
fluorescent proteins and an increase in the loss of bi-
omolecules. Therefore, passive CLARITY is an excellent 
choice for poor laboratory conditions, small samples 

Figure 1. Schematic representation of CLARITY and its modifications. An outline of the individual steps involved in each of the CLARITY and 
its modifications is provided alongside the reagents required for each step. Each method has three rows of boxes. The first row presents the 
simplified steps of the protocol; the second row shows the required reagents; the third row displays the recommended working temperature; 
RT — room temperature; other abbreviations — see text.

Table 1. Comparison of electrophoresis and passive thermal diffusion

Methods Electrophoresis Passive thermal diffusion

Clearing speed Rapid (several hours to days) Slow (several days to weeks)

Sample damage Severe Mild

The loss of biological information More Less

Cost and complexity Expensive and difficult Cheap and easy

Circulation Need (to control the flow rate and temperature) Needless

Clearing buffer 4% SDS (in PBS buffer, pH 8.5) 8% SDS (in PBS buffer, pH 7.5)

SDS — sodium dodecyl sulphate; PBS — phosphate buffered saline
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(tissue thickness < 3 mm), or high requirements for 
the integrity of tissue structure and molecular infor-
mation. However, in recent years, how to promote 
rapid, whole-brain, and whole-body passive clearing 
has gradually become the focus of research, and 
some new modified techniques have emerged that 
have dramatically improved the scope of application 
of passive CLARITY technique.

PACT and its variants

In the original CLARITY, the experimental animals 
were transcardially perfused with hydrogel monomer 
solution (including 4% paraformaldehyde [PFA], 4% 
acrylamide, and 0.05% bis-acrylamide in phosphate 
buffered saline [PBS] supplemented with 0.25%  
VA-044 initiator). The interesting parts were selected 
and incubated in 4oC hydrogel monomer solution 
for 3 days and then polymerised into a hydrogel 
mesh [3]. Although hydrogel-tissue hybrid avoids 
tissue damage and the loss of biological information, 
the dense hydrogel mesh structure leads to low SDS 
transport efficiency and slow down the speed of li-
pid extraction. Therefore, Yang et al. [52] developed 
a simple version of CLARITY based on the passive 
lipids extraction and termed it PACT (passive clarity 
technique) to increase the efficiency of SDS trans-
portation and retain the fine structure of the tissue. 
They perfused and fixed tissue with 4% PFA, and then 
the tissue was incubated in A4P0 (4% acrylamide 
in PBS supplemented with 0.25% VA-044 initiator) 
at 4oC overnight. Compared with original CLARITY, 
the tissue treated with A4P0 increased the hydrogel 
mesh porosity, which significantly improves the SDS 
transport speed, but the tissue was also more easily 
to swell, and the changes of the tissue weight and 
volume were 174% and 223%, respectively. Fortu-
nately, the tissue will gradually shrink to the original 
size in the following steps, and this change of tissue 
volume expansion-contraction has little effect on the 
tissue structure, even providing an advantage for the 
application of some dense tissues, such as bone [15]. 
Moreover, since the hydrogel cross-linking inside and 
outside the tissue is reduced by removing bis-acryla-
mide from the hydrogel monomer solution during the 
hydrogel tissue embedding process, the tissue can 
simply be removed from the surrounding hydrogel, 
reducing the physical damage to the sample. Besides, 
they emphasized that increasing the concentration 
of the SDS clearing buffer from the original 4% to 
8% can achieve uniform tissue clearing, and called 

8% SDS buffer as PACT reagents. PACT increases the 
efficiency of passive lipid extraction and is suitable 
for clearing small or particularly fragile samples and 
organs, which can clear 1–3 mm thick samples (in-
cluding the brain, spinal cord, kidney, heart, lung and 
intestine, etc.) within 2–5 days.

However, PACT is still slow to clear large volumes 
of tissues, which limits its scope of application. The 
PACT reagents can be delivered either intracranially 
or via the vasculature to clear and label whole-brain 
and whole-body. A4P0 and PACT reagents were con-
tinuously circulated in the fixed animal vasculature 
by the peristaltic pump for tissue clearing in situ. This 
method, similar to cardiac perfusion, was named PARS 
(perfusion-assisted agent release in situ) by Yang et 
al. [13, 52]. PARS increases the contact area between 
clearing buffer and tissue, so the rate of tissue clearing 
becomes faster. Furthermore, the tissue swell of PARS is 
reduced due to the limitation of physiological structure 
in the process of tissue clearing. Unfortunately, the 
implementation complexity of PARS limits its further 
application. Moreover, PACT/PARS needs more time to 
get maximal tissue transparency. Therefore, there are 
some PACT-based tissue clearing methods emerged.

Woo et al. [49, 50] modified PACT by treating 
tissues in 4% acrylamide and 0.25% VA-044 in two 
separate steps during hydrogel formation to improve 
the lipid removal speed, called psPACT (process sep-
aration PACT). This separation process avoids the 
removal of the remaining unpolymerised hydrogel 
monomers surround the tissue and the time required 
for lipid extraction of psPACT is also 10% less than 
that of PACT. Meanwhile, based on the psPACT, Woo 
et al. [49, 50] added 0.5% a-thioglycerol, a un-brown-
ing agent, to the PACT reagent to increase the lipid 
removal speed of most tissues by 25%, and called 
this method mPACT (modified PACT). The addition 
of 0.5% a-thioglycerol to PACT reagent accelerated 
optical transparency but increased tissue fragility. 
Therefore, Woo et al. [48] proposed the process sep-
aration PACT-Acrylamide (psPACT-A) and modified 
PACT-Acrylamide (mPACT-A) protocols, which avoid 
increasing tissue fragility without reducing optical 
transparency and can be used to remove mouse em-
bryos. In the modified methods, after the tissue was 
embedded in 0.25% VA-044, the sample was reincu-
bated in the A4P0 solution to improve the firmness of 
hydrogel. Both psPACT-A and mPACT-A can achieve 
rapid optical tissue clearing within the same clearing 
time as the original protocols.
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PACT and its variants expanded the application of 
CLARITY, which can be used to achieve whole-brain 
and whole-body clearing and labelling. Moreover, 
these modified methods provide a powerful tool to 
study the mechanism of disease onset and progres-
sion, and can reflect detailed changes in a part of the 
observed sample as a whole to fully understand its 
biological characteristics.

Free of acrylamide SDS-based tissue clearing 

The original CLARITY includes a hydrogel embed-
ding step based on two hypotheses: 

—— The process of the extraction of lipids from tissues 
removes the lipid bilayers that are critical to cell 
integrity, but cell integrity is different from tissue 
integrity. Although the former may be mainly 
maintained by the plasma membrane, the tis-
sue has mechanical strength, and its integrity 
is maintained by the intracellular cytoskeleton, 
cooperative transmembrane adhesion junctions, 
and extracellular junctions [18];

—— The tissue is crosslinked with formaldehyde in 
the presence of hydrogel monomers, covalently 
linking tissue elements to monomers that are then 
polymerised into a hydrogel mesh. It forms a phys-
ical framework that prevents proteins from being 
removed from the tissue during SDS-micelle clear-
ing, while lipids can be washed away [3]. However, 
the use of acrylamide hydrogel in CLARITY caused 
many problems. The process of hydrogel tissue 
embedded causes the tissue to swell and become 
more fragile with the loss of structural integrity  
[3, 26, 30]. Moreover, although the pores of hydro-
gel-tissue hybrid help to promote lipid extraction 
and antibody penetration, antibody penetration 
appears to be better in unhybridized, formalde-
hyde-fixed tissue [42, 52]. Therefore, Lai et al. [23] 
questioned whether acrylamide was cross-linked 
with formaldehyde-modified proteins. They be-
lieved that tissue-PFA-acrylamide was not cross-
linked and that when the tissue was fully fixed, 
the use of hydrogel can be avoided in the process 
of lipid removal. Compared with the lipid removal 
process of SDS-micelles in hydrogel embedded 
tissue and hydrogel non-embedded tissue, there 
was no visible tissue swelling in the unembedded 
tissue of the hydrogel. Furthermore, protein loss in 
unembedded tissue only increased slightly, which 
was probably due to the diffusion limitation of 
hydrogel on protein leakage, rather than the sta-

ble fixation of proteins in the framework formed 
by hydrogels. Therefore, as long as the tissue is 
well fixed, the use of acrylamide hydrogel can be 
omitted to simplify tissue clearing.
For these reasons, Liu et al. [27] developed an im-

proved CLARITY named FASTClear (Free-of-acrylamide 
SDS-based Tissue Clearing). 4% PFA/10% neutral-buff-
ered formalin fixed tissue, avoiding the use of hydro-
gel, is directly immersed in 4% SDS for degreasing and 
at a temperature of 50°C to increase the removal rate. 
However, prolonged PFA fixation time will hinder the 
clearing rate and immune labelling due to excessive 
PFA cross-linking on the tissue [26]. Moreover, some 
tissues (such as spinal cord and cortical white matter) 
are difficult to become transparent after SDS delip-
idation. Fortunately, iDISCO can permeate optically 
opaque, PFA-fixed tissue in a cocktail of detergent to 
immunostain the tissue [34]. Then, the tissue can be 
optically transparent with organic solvents using the 
3DISCO [9]. FASTClear is a simplified and rapid meth-
od of tissue clearing, which simplifies the process and 
adds potential additional benefits, including avoid-
ing the use of toxic acrylamide, increasing antibody 
penetration, reducing tissue swelling, and increasing 
compatibility with other tissue treatment techniques. 
Furthermore, FASTClear can be applied to the imaging 
of tissues that are difficult to become transparent 
with traditional tissue clearing techniques, such as 
fresh spinal cord tissue. However, the FASTClear is 
limited to antibody labelling, and the penetration 
depth of the antibody is not uniform, which may be 
related to the local tissue structure.

Thus, Xu et al. [51] developed a rapid free of 
acrylamide SDS-based tissue clearing method by mod-
ifying and merging PACT and FASTClear to reduce 
tissue clearing time and preserve fluorescent signals. 
In the step of lipid extraction, FACT used 8% SDS to 
remove lipids and removed the process of hydrogel 
perfusion and embedding from PACT to improve the 
speed of clearing. The staining step of FASTClear was 
used for reference, but the working temperature was 
reduced to 37 oC and the pH 7.5 clearing buffer was 
used, which could reduce the fluorescence quenching 
rate. The FACT is a simple and low-cost method of 
tissue clearing, which improves the preservation of 
cell structure, the penetration depth of antibody and 
the long-term retention of the fluorescence signal. 
Moreover, FACT avoids the use of hydrogel and reduc-
es tissue swelling, which can be applied to the study 
of fine cytoarchitectural details such as microglia.
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ACTIVE CLARITY
Accelerating the extraction of lipids from intact 

tissue is the key to obtain better tissue imaging. Pas-
sive lipid removal has been greatly improved, such 
as CLARITY2, PACT, PARS, mPACT and other mod-
ified methods, which greatly shorten the time of 
tissue clearing. However, the lipid extraction speed 
of passive clearing methods is still slow. Therefore, 
improvements in active clearing methods have been 
underway. In the original CLARITY, the SDS detergent 
can capture lipids in SDS micelles, which are nega-
tively charged at alkaline solutions (pH 7.5–8.5), so 
they can be removed under the action of an electric 
field in a customized electrophoresis chamber. The 
electrophoretic tissue clearing (ETC) system of the 
original CLARITY has four elements [3]:

—— a power supply;
—— an electrophoresis chamber containing electrodes 
and samples;

—— a circulator used to provide fresh clearing solutions 
and to control the flow rate and temperature;

—— a buffer filter to filter larger particles in the clear-
ing solution. 
Electrophoretic tissue clearing increases the lipid 

extraction speed by several orders of magnitude com-
pared with passive clearing, and make larger samples 
(such as mouse brain) transparent in a few hours to 
days, rather than a few days to weeks, significantly 
increasing the rate of lipid extraction and reducing 
tissue swelling.

Although ETC enhances the speed of lipid ex-
traction, it also faces some challenges. First, the too 
strong electric field of ETC will lead to the formation 
of bubbles, discoloration, and deposition of black par-
ticles on the surface of samples, making the hydrogel 
opaque, and larger bubbles may cause the hydrogel 
to break. Moreover, the electrophoresis chamber used 
by the active CLARITY is heated up due to the effect 
of Joule heating. Although the ETC clears the tissue 

more thoroughly at higher temperatures, samples 
tend to lose structural integrity due to high temper-
ature, just like passive CLARITY. In addition, ETC uses  
a static electrostatic field to cause lipids to be extract-
ed in one direction, resulting in uneven tissue clearing. 
Furthermore, expensive electrophoresis equipment 
and complex implementation steps limit the appli-
cation of electrophoretic tissue clearing. In response 
to these challenges, there have been many modified 
methods about ETC in recent years. These methods 
are summarized in Table 2 and diagrams of these ETC 
systems are presented in Figure 2.

Stochastic electrotransport

The electric field can drive the movement of 
charged particles in the tissue with pores (such as 
hydrogel–tissue hybridisation), but if the tissue con-
tains charged molecules, the electric field can also 
destroy the tissue. Moreover, the electrical properties 
in different parts of the tissue are not uniform, and 
different regions have different electrical properties, 
which may lead to the emergence of a concentrated 
electric field in the tissue. Therefore, when lipids are 
extracted using the static electric field (an electric field 
that is constant along a certain direction), different 
parts of the tissue are extracted to different degrees 
of lipids, which also results in uneven penetration of 
antibodies in the subsequent steps of staining [21]. 
The excessive electric field can cause tissue defor-
mation or even tissue structural damage, and may 
cause bubbles to form inside the hydrogel, reducing 
the transparency of the tissue and even causing the 
hydrogel to rupture [3, 21]. Therefore, ETC can accel-
erate lipid removal in a non-destructive way only at  
a low electric field, and dense or larger tissue cannot 
be effectively removed in the low electric field.

Kim et al. [21] proved that the rotational electric 
field could improve the diffusivity of charged mol-
ecules in porous samples, and there is a quadratic 

Table 2. Electrophoretic tissue clearing with various protocols

Methods CLARITY Stochastic electrotransport Active clarity technique PRE-CLARITY (NCES)

Electrodes Wire-electrodes Wire-electrodes Platinum plate-electrodes  Wire-electrodes

Electric field Static Rotational Static Static

Clearing speed*  ++ (2 weeks)  +++ (3 days)  ++++ (5–6 h)  +

Sample damage ++ + +++ ++

Complexity ++ +++ ++ +

Circulation Yes Yes Yes No

*The time required to clear the mouse brain; NCES — non-circulation electrophoresis system
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correlation between the diffusivity and the electrical 
properties of charged molecules. Moreover, this elec-
trophoresis-driven diffusion transport method can 
selectively promote the dispersion of free-moving 
molecules with high electromobility and inhibit the 
dispersion of endogenous cross-linked biomolecules 
with low electromobility in the samples. Therefore, 
Kim et al. [21] improved the method of transportation 
called stochastic electrotransport, which does not use 
the unidirectional field but uses a rotational electric 
field that changes the direction of the electric field 
over time. The rotational electric field is achieved by 
continuously rotating the sample chamber between 
the two electrodes to generate an external rotational 
electric field relative to the sample, which enhances 
the random diffusivity of charged molecules, there-
by enhancing the efficiency of lipid extraction and 
staining of large and dense tissues with nuclear dyes, 
proteins, and antibodies. Moreover, stochastic elec-
trotransport used nanoporous membranes to contain 
samples, preventing samples from directly contact-
ing electrodes or electrolytic by-products. Stochastic 
electrotransport can completely remove the mouse 
organs within 1–3 days and stain them within 1 day. 

The advantage of stochastic electrotransport is that 
it can quickly transport charged molecules out of the 
tissue without causing significant damage to the tis-
sue structure. Comparing the deformation degree of 
tissue before and after optical clearing, there is no sig-
nificant difference in the degree of tissue deformation 
caused by diffusion and stochastic electrotransport. 
On the contrary, the extraction of lipids by the static 
electric field may cause severe damage to the tissue, es-
pecially in the tissues with poor conductivity. Although 
the use of electrophoresis to remove tissue may not use 
an almost high voltage, the speed of electrophoresis 
will eventually be limited by tissue damage. Therefore, 
stochastic electrotransport has apparent advantages 
in clearing large and dense samples.

However, stochastic electrotransport has the 
potential for rapid lipid removal and staining, but 
the temperature increases with the strength of the 
electric field due to the effect of joule-heating. As 
mentioned before, the intact tissue structure and 
biological information will be gradually destroyed 
and lost as the temperature increases, which limits 
the further improvement of the clearing efficiency [8]. 
Therefore, it is significant to explore the balance point 

Figure 2. Comparison of electrophoretic tissue clearing (ETC) systems; A. Simplified device diagrams of the original ETC chamber (left) and 
ACT chamber (right), including the electrode area, electrode-electrode distance and inner-chamber dimensions. This picture is cited from the 
article of Lee et al. [24]; B. The device for clearing tissues using stochastic electrotransport. The sample tissue is constantly rotating relative 
to the electric field. This picture is cited from the article of Kim et al. [21]; C. Simplified device diagram of the non-circulation electrophoresis 
system (NCES). This picture is cited from the article of Du et al. [6].

A

B

C
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between the efficiency of lipid removal, temperature 
and electric field strength for finding the appropriate 
temperature and electric field strength of different 
tissues and organs in the following studies.

Active clarity technique

The use of electrophoresis has dramatically in-
creased the speed of tissue clearing, but the whole 
process is slow and requires complex procedures. 
Therefore, Lee et al. [24] improved CLARITY by opti-
mising the composition of hydrogel and electropho-
resis and called this method active clarity technique 
(ACT). As for lipid extraction, there are two specific 
improvements in the ACT:

—— in the process of hydrogel tissue embedding, the 
two-step fixation method mentioned in passive 
CLARITY was used [52]: 4% PFA fixation, and 
then acrylamide perfusion without bisacryla-
mide. This method reduced the cross-linking of 
protein-acrylamide and obtained hydrogels with 
higher porosity so that lipids can be extracted 
quickly and staining can be better performed;

—— an improved version of the ETC chamber (a dense 
current ETC system) was designed: the platinum 
plate was used to replace the thin platinum wire 
to produce a dense and regular current, which 
kept the PH and colour of the clearing solution 
unchanged during the clearing process. More-
over, the addition of an active cooling system 
significantly reduced the heat generation, thereby 
reducing the limitation of joule-heating, and can 
quickly obtain optically transparent tissue without 
causing tissue damage and protein loss. In addi-
tion, expanding the length of the ETC chamber 
allows all the air bubbles to float on the surface, 
and then all the bubbles are removed through 
the upper outlet of the ETC chamber, which in-
creases the light transmittance of the hydrogel 
and avoids the risk that larger bubbles may cause 
the hydrogel to break. These improvements can 
quickly make large tissue samples optically trans-
parent without causing tissue burning, collapse 
and protein loss.
Active clarity technique can clear most adult 

mouse tissues within 2–20 hours, and can expand 
to large organs (such as the brains of rats or rabbits) 
and even the whole bodies of adult animals (such as 
adult mouse, zebrafish and Xenopus) [24]. Comparing 
the clearing efficiency of ACT with other tissue clearing 
methods, it has been found that ACT takes 2 hours 

to achieve almost complete optical transparency of  
a 1 mm thick brain slice, but it takes 3 days for other 
methods to achieve similar optical transparency. There-
fore, ACT has a great advantage in clearing thick tis-
sues and large organs, even adult animals. The tissue 
cleared by ACT also showed a high contrast between 
connective tissue and soft tissue in PBS buffer, and the 
tissue structure could be distinguished even under  
a standard anatomical microscope. ACT, a relia-
ble and rapid method for clearing large samples, 
accelerates the speed of tissue clearing and has 
promising applications in the field of cellular and 
molecular functions. However, when ACT is applied 
to the whole body clearing, the clearing efficiency 
of different tissues varies with size and density. 
Moreover, under conventional conditions, ACT clears 
some tissue with significant swelling, which requires 
further improvement.

Fix-Clear

The original CLARITY creatively applied hydrogel 
mesh to bind tissue proteins and nucleic acids to pre-
serve the biological information of the tissue when 
using detergent to clear lipids. However, subsequent 
studies have found that hydrogel embedding is not es-
sential for tissue clearing, and some protocols, such as 
SWITCH, FASTClear and FACT, use SDS for delipidation 
without hydrogel embedding [27, 30, 51]. Although 
the formation of hydrogel-tissue complexes provides 
lasting physical strength in the degreasing process and 
provides expandability, dry-ability, and the ability to 
selectively bind to functional chemicals, the process of 
hydrogel embedding has some drawbacks [7]:

—— during the clearing process, the super-hydrophilic 
property of acrylamide causes the tissue to swell, 
which is not desirable for the maintenance of 
subcellular structures;

—— crosslinking of acrylamide to proteins increases 
the risk of protein inactivation when immunola-
belled [23, 34];

—— the infiltration of acrylamide monomer into the 
tissue increases the complexity of the method.
Passive CLARITY first tried the method of SDS- 

-based tissue clearing without acrylamide and made 
some progress. Therefore, whether this method can 
be applied to active CLARITY to improve tissue clear-
ing method has attracted attention. Choi et al. [2] 
merged the acrylamide-free tissue clearing technique 
with ETC and named it Fix-Clear (FxClear). FxClear has 
some advantages:
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—— by removal of the transcardial perfusion with 
hydrogel solution and hydrogel tissue embed-
ding steps, shorter reaction time, smaller tissue 
expansion, and higher immunoreactivity can be 
achieved. Compared with ACT, FxClear provides 
stronger immunolabelling for most antibodies 
due to the absence of acrylamide;

—— using a tan electrophoretic mechanism with SDS 
for delipidation, the lipids in the tissue can be 
removed quickly. However, the tissue expansion of 
FxClear is smaller than that in the ACT due to the 
absence of acrylamide, so lipids are not extracted 
completely, which may have a particular impact 
on subsequent imaging. 
Furthermore, one potential problem with FxClear 

is that ETC can damage the tissues. Quantitative anal-
ysis of protein loss shows that ETC > 1 day can lead to 
protein loss, which may be caused by tissue damage, 
so long-term use of ETC is not recommended. On the 
contrary, only a small amount (< 2%) of protein loss 
was detected in a safe time (< 1 day). FxClear is par-
ticularly suitable for the 3D pathological examination 
of small samples (such as brain samples of 1~2 mm). 
Furthermore, FxClear can be applied to some studies 
that require precise preservation of sample size due 
to the small tissue swelling.

THE METHOD OF MERGING ACTIVE 
AND PASSIVE CLARITY

Lipid extraction is essential for obtaining optically 
transparent tissue. Although electrophoresis is faster 
than passive thermal perfusion, it needs to establish 
a professional circulatory system, which makes elec-
trophoresis difficult to manipulate. Therefore, how to 
design a simplified electrophoresis device to facilitate 
implementation has become a challenge. Du et al. [6]  
separates the electrode from the electrophoresis 
chamber and designs a mobile electrophoresis de-
vice named non-circulation electrophoresis system 
(NCES). Furthermore, Du et al. [6] also reported a new 
tissue clearing method called PRE-CLARITY (Passive 
pRe-electrographysics CLARITY) by merging passive 
thermal perfusion and electrophoretic lipid extraction 
for the first time. First, the A4P0B0 (4% PFA in PBS) 
treated brain was cleared by NCES for 1 day with 4% 
SDS clearing buffer containing 1% alpha-thioglycerol. 
Then, the passive clearing was conducted in 4% SDS 
clearing buffer with 5% alpha-thioglycerol at 50°C, 
with gentle shaking. PRE-CLARITY can make the brain 

completely transparent in 5 days. They had three 
main findings:

—— when electrophoresis or passive clearing is used, 
A4P0B0 embedding method and adding alpha-thi-
oglycerol could achieve faster clearing and high-
er transparency than the A4P4B0.05 (4% PFA, 
4% acrylamide, 0.05% bis-acrylamide and 0.25%  
VA-044 initiator in PBS) treated brains;

—— when different PFA post-fixation times are used, 
the cleaning speed is different. The shorter the PFA 
post-fixation time, the faster the clearing speed, 
but when using a post-fixation time less than  

Figure 3. Brain imaging of intact adult mice and rats prepared 
by different methods; A. Images of mouse brains prepared using 
CLARITY. The first box (from left) is the uncleared brain, and the 
second box is the brain processed with 8 days of CLARITY. This 
picture is cited from the article of Chung et al. [3]; B. Images  
of mouse brain before (first box, from left), after (second box)  
2 weeks of PARS clearing and after immersion in RIMS (third box). 
This picture is cited from the article of Yang et al. [52]; C. Images 
of rat brain hemisphere before (first box, from left), after (second 
box) 15 hours of active clarity technique clearing. This picture 
is cited from the article of Lee et al. [24]; D. Images of mouse 
brains prepared using PRE-CLARITY. The first box (from left) is the 
A4P4B0.05-processed brain, the second box is the brain after  
1 day electrophoresis at 25 V/37oC, and the last box is the brain 
after 15 days passive clearing at 50oC. This picture is cited from 
the article of Du et al. [6].
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10 hours, the sample is more likely to be damaged 
in the electrophoresis. 

—— compared with electrophoresis or passive clearing 
alone, PRE-CLARITY improved the transparency of 
tissue. It showed improvements in transparency 
over electrophoresis clearing and shortened the 
clearing time to half compared with passive tissue 
clearing (Fig. 3).
However, PRE-CLARITY also has some challenges. 

A4P4B0.05 treated sample was not well cleared in 
NCES, which may be related to the short electropho-
resis time. It may also be related to the flow-assisted 
dissociation of lipid molecules because the main dif-
ference between the original electrophoresis system 
and the NCES system lies in the flow of clearing 
buffer. Moreover, NCES uses platinum wire to make 
electrodes. Platinum plates are reported to generate 
denser currents, thus speeding up tissue clearing, 
which can be improved in follow-up research. In 
short, PRE-CLARITY provides a simplified electropho-
resis system and a faster and more transparent meth-
od of tissue clearing. The attempt to merge different 
tissue clearing methods also provides a new perspec-
tive for tissue optical clearing method and facilitates 
the development of tissue clearing method.

CONCLUSIONS
With the deepening of biomolecular information 

research, CLARITY and its variants will be increasingly 
applied to fine structure imaging of tissues and the 
function of cells or biomolecules in intact tissues, 
which has a broad application prospect. A list of 
variants of the CLARITY simplify and improve the 
experimental conditions, equipment, and concrete 
steps of the original CLARITY. By classifying these 
modified CLARITY techniques and comparing the 
similarities and differences between them, it is easier 
to find the areas where these protocols need to be 
improved, and we can also learn some improved 
ideas from them. For example, the hydrogel matrix 
for passive tissue clearing was optimised to the 
A4P0 in the PACT protocol, but this formula was 
later used in active tissue clearing methods. These 
modified methods increase the speed of tissue clear-
ing and tissue transparency and maintain the fine 
structure of tissue, which is helpful to the study 
of different tissue types. Moreover, these improve-
ments also break the limitation of original CLARITY. 
Optical clearing of intact tissues can be carried out 
even in ordinary laboratories, making it easier for  

researchers to obtain detailed biological informa-
tion. Furthermore, the classification and summary of 
the modified CLARITY techniques will help research-
ers to choose a suitable tissue clearing method more 
quickly and effectively.

In short, passive CLARITY is a right choice for 
poor laboratory conditions, small samples (tissue 
thickness < 3 mm), or high requirements for the in-
tegrity of tissue structure and molecular information. 
Of course, passive CLARITY can also be used to clear 
large samples or even whole mice, but it takes a long 
time, which puts forward higher requirements for the 
preservation of tissue and fluorescent staining. The 
use of active CLARITY can accelerate this process, but 
the high requirements of laboratory equipment limit 
its application. In addition, although many improve-
ments have been made to ETC, the tissue damage 
caused by the current is still the main factor limiting 
its application. The suitable electric field intensity 
and electrophoresis time should be strictly selected 
for different texture tissues. 

For the improvement of active CLARITY, the elec-
tric field conditions have been optimised in the past, 
whether active CLARITY can be optimised from its 
power source. At present, the power that drives li-
pids to extract from the tissue quickly is electricity, 
whether it can be replaced with other types of power 
to avoid tissue damage, such as magnetic energy or 
hydrodynamic pressure for molecular transport or 
even centrifugation. Besides, whether active or pas-
sive CLARITY, as noted by the researchers who initially 
developed CLARITY, the subsequent acquisition of 
high-resolution 3D image and how to analyse these 
data remains a challenge, which is a common prob-
lem in all tissue clearing methods. The improvement 
of image acquisition and data analysis and exploring 
how to combine with other technologies will not only 
make us more skilled in the application of CLARITY but 
also re-recognise the physiological characteristics of 
tissue or even a species as a whole for the first time 
from a 3D perspective.
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Background: Neuronostatin, a newly identified peptide, is accepted as an anorex-
igenic peptide since it suppresses food intake when given intracerebroventricularly. 
Although the effect mechanisms of neuronostatin have been shown in different 
studies, there are no reports in the literature describing the mechanisms controlling 
neuronostatin neurons. In this study, we aimed to determine the presence of the 
ionotropic glutamate receptor subunits (iGluRs) in neuronostatin neurons in the 
periventricular nucleus of the hypothalamus. 
Materials and methods: The presence of glutamate receptors in neuronostatin 
neurons was investigated by dual immunohistochemistry. Immunohistochemistry 
was performed on 40 µm thick coronal brain sections with antibodies against 
AMPA (GluA1-4), kainate (GluK1/2/3, and GluK5), and NMDA (GluN1 and GluN2A)  
receptor subunits. 
Results: The results showed that the neuronostatin neurons expressed most of 
the NMDA and non-NMDA receptor subunits. The neuronostatin neurons in the 
anterior hypothalamic periventricular nucleus were particularly immunopositive 
for GluA1, GluA4, GluK1/2/3, GluK5 and GluN1 antibodies. No expression was 
observed for GluA2, GluA3 and GluN2A antibodies. 
Conclusions: For the first time in the literature, our study demonstrated that 
the neuronostatin neurons express glutamate receptor subunits which may form 
homomeric or heteromeric functional receptor complexes. Taken together, these 
results suggest that multiple subunits of iGluRs are responsible for glutamate 
transmission on neuronostatin neurons in the anterior hypothalamic periventricular 
nucleus. (Folia Morphol 2022; 81, 1: 13–19)

Key words: neuronostatin, glutamate, NMDA, kainate, AMPA

INTRODUCTION
Glutamate is the major excitatory amino acid 

neurotransmitter in the mammalian central nervous 
system [1, 2]. Glutamate mediated neurotransmission 
occurs via metabotropic and ionotropic glutamate re-
ceptors [13]. Ionotropic glutamate receptors are classi-

fied according to their agonists: N-methyl-D-aspartate 
(NMDA), alpha-amino-3-hydroxy-5-methyl-4-isoazol-
propionic acid (AMPA) and 2-carboxy-3-carboxyme-
thyl-4-isopropenylpyrrolidine (kainate) receptors [13, 
16, 31]. NMDA receptors are composed of subunits 
named GluN1, GluN2A–D and GluN3A–B [3, 14]. These 
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receptors have a critical function in excitatory synaptic 
transmission, plasticity and neurotoxicity [4, 19, 21–23]. 
NMDA receptors can participate in very different pro-
cesses because they have different characteristics from 
AMPA and kainate receptors. In addition to glutamate, 
an agonist, glycine or D-serine, is required for NMDA 
activation. AMPA receptors are composed of four sub-
units named GluA1–4 [19]. Kainate receptors consist 
of five subunits named GluK1–5 [17]. While GluK1–3 
form functional homomeric receptors, GluK4 and GluK5 
only form functional receptors when combined with 
one of the other subunits (GluK1–3), which generates 
kainic acid receptors with varying kinetics and agonist 
affinities [9, 16]. The other receptors, kainate receptors 
have presynaptic and postsynaptic localisations usually 
on the same neuron [12].

Neuronostatin is a newly identified anorexigenic 
peptide encoded by the somatostatin gene [28]. Immu-
nohistochemical studies have shown that neuronostatin 
positive neurons are localised in the anterior hypotha-
lamic periventricular nucleus and suprachiasmatic nu-
cleus, while neuronostatin immunoreactive axon termi-
nations are localised in the arcuate nucleus with median 
eminence. There are fewer and less densely-marked 
neuronostatin-expressing cells in the polymorphic lay-
er of the dentate gyrus and motor cortex, amygdala 
and cerebellum [5]. These areas where neuronostatin 
neurons are localised in the hypothalamus play a role 
in the control of food intake [28]. Also, neuronostatin 
has regulatory effects on energy consumption [28], 
cardiovascular system [11], and digestive system [27]. In 
the literature, experimental studies investigating central 
regulators (such as glutamate) involved in the control of 
neuronostatin neurons have not been found.

To better understand glutamatergic function in 
the neuronostatin neurons localised in the anterior 
hypothalamic periventricular nucleus, it is necessary 
to determine the localisation of various iGluR sub-
units in neuronostatin neurons. In the present study, 
we examined the cellular localisation of protein ex-
pression of AMPA (GluA1, GluA2, GluA3, and GluA4), 
kainate (GluK1/2/3 and GluK5), and NMDA (GluN1 
and GluN2A) receptor subunits in the neuronostatin 
neurons in the periventricular nucleus of the hypo-
thalamus by immunofluorescence.

MATERIALS AND METHODS
Animals

All animal experiments were carried out under 
the instructions of the National Institute of Health 

Guide for the Care and Use of Laboratory Animals 
and approved by the Experimental Ethical Committee 
of Bursa Uludag University (Approval No: 2016–4/4). 
Sixty-day-old male Sprague-Dawley rats (200–250 g)  
(n = 10) were used in this study. The rats were 
maintained at the Bursa Uludag University Experi-
mental Animals Breeding and Research Centre and 
were housed two per cage in a temperature-con-
trolled environment (21°C) with a 12:12-hour light/ 
/dark cycle. The animals were allowed to access food 
and water ad libitum. All the experiments were carried 
out between 9:00 am and 11:00 am.

Tissue preparation

The animals were deeply anesthetised and fixed by 
trans-cardiac perfusion with 4% paraformaldehyde in 
phosphate buffer, pH 7.4 (300 mL per animal). Brains 
and brainstems were carefully removed and post-fixed 
overnight in the same fixative. Forty-micrometre-thick 
coronal serial sections throughout the brains were cut 
with a vibratome and collected into Tris-HCl buffer 
(0.05 M, pH 7.6). The sections were kept in the cryo
protectant solution at –20°C until use.

Immunohistochemistry

Tris-HCl buffer was used for all washing steps. Block-
ing buffer (10% normal horse serum, 0.2% triton X-100, 
and 0.1% sodium azide in Tris-HCl buffer) was used 
for incubations to prevent non-specific binding and to 
dilute the antibodies. All incubation steps were carried 
out on an orbital shaker with appropriate agitation.

Free-floating sections were equilibrated to room 
temperature and washed 3 times in Tris-HCl buffer 
to remove cryoprotectant and blocked in blocking 
buffer for 2 hours. Following the washing step, tis-
sues were incubated in preheated Antigen Retrieval 
(AR) solution (final solution temperature 73–75°C) for  
30 minutes. 50 mM trisodium citrate buffer (pH 6, for  
neuronostatin, GluK1/2/3 and GluA4) or 1 mM EDTA 
solution (pH 8, for GluN1 and GluN2A) was used in 
the AR process. The sections were washed 3 times. 
Tissues were treated with 3% H2O2 to quench endog-
enous peroxidase, washed 3 times and blocked with 
10% normal horse serum for 2 hours. The sections 
were incubated in rabbit anti-neuronostatin (1/4000 
dilution, H-060-50, Phoenix Pharmaceuticals, Inc., 
USA) and mouse anti-GluA1 (1/500 dilution, AM-
60040PU-N, Acris, USA), mouse anti-GluA2 (1/500 
dilution, MAB397, Millipore, USA), mouse anti- 
-GluA3 (1/250 dilution, MAB5416, Millipore, USA), 
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goat anti-GluA4 (1/250 dilution, LS-B3606, LifeSpan 
BioSciences, Inc., USA), mouse anti-GluK1/2/3 IgM 
(1/500 dilution, MAB379, Chemican Int., USA), goat 
anti-GluK5 (1/250 dilution, sc-8915, Santa Cruz  
Biotechnology, Inc., USA), mouse anti-GluN1 (1/500 
dilution, 556308, BD Pharmingen, USA), and mouse 
anti-GluN2A (1/3000 dilution, H-060-50, Millipore, 
USA). The washed sections were processed with 
donkey anti-goat IgG-Alexa-Fluor (1/500 dilution), 
donkey anti-mouse IgG-Alexa-Fluor (1/500 dilution), 
donkey anti-mouse IgM-biotin-conjugate (1/200 dilu-
tion), donkey anti-rabbit IgG-Alexa-Fluor 488 (1/500 
dilution) and streptavidin-TR (1/100 dilution) for  
2 hours. After washes, the sections were mounted 
on glass slides, dried and coverslipped with antifade 
medium.

Neuronostatin antibodies used in this study have 
been used in many reports in the literature as well as 
in our previous studies [6, 30]. The antibody specific-
ity of ionotropic glutamate receptors in the rat red 
nucleus was shown in our previous studies in the 
literature [20].

Analysis

Sections were analysed and photographed with 
Olympus BX-50 photomicroscope attached to a CCD 
camera (Olympus DP71, CCD colour camera, 1.5 mil-
lion pixels, Olympus Corporation, Japan). Sections 
between the coordinates determined according to the 
rat brain atlas (bregma –0.24 mm to –3.60 mm for 
periventricular nucleus) were used for single and dou-
ble immunohistochemical labelling [24]. Cross-sec-
tions were taken at 5 different levels at the same 

coordinate and an equal distance for each animal. 
Immunofluorescent staining intensities of neuron-
ostatin neurons co-localised with kainic acid, AMPA 
and NMDA receptor subunits in the anterior hypo-
thalamic periventricular nucleus were graded by the 
following scale: ‘+’ was used for a small number of 
double immunoreactive neuronostatin neurons, ‘++’ 
for a moderate number of double immunoreactive 
neuronostatin neurons, and ‘+++’ for a high number 
of double immunoreactive neuronostatin neurons.

RESULTS
The results showed that ionotropic glutamate 

receptor subunits (iGluRs) subunits were expressed 
in neuronostatin neurons localised in the anterior hy-
pothalamic periventricular nucleus. Specific staining 
was localised in neuronal perikarya. The number of 
stained neuronostatin neurons changed depending 
on the type of iGluRs subunits. The neuronostatin 
neurons in the anterior hypothalamic periventricular 
nucleus were particularly immunopositive for GluA1, 
GluA4, GluK1/2/3, GluK5 and GluN1 antibodies. No 
expression was observed for GluA2, GluA3 and Glu-
N2A antibodies. The highest expression was detected 
for GluN1-positive neuronostatin neurons. 

Neuronostatin protein positivity was visualised by 
green reaction product with a fluorochrome (Alexa 
488) (Fig. 1A) and glutamate receptor subunit protein 
positivity was labelled by red fluorochromes (Alexa 
594 or streptavidin-conjugated Texas-Red) (Fig. 1B)  
in the cytoplasm. In digitally overlapped images, 
neurons expressing both proteins were visualised in 
yellow (Fig. 1C).

Figure 1. Evaluation of dual immunohistochemical staining; A. Neurons expressing the peptide labelled with green fluorochrome; B. Neurons 
expressing glutamate receptor subunit protein labelled with red fluorochrome; C. Neurons expressing the glutamate receptor subunit protein 
together with the peptide are monitored in yellow.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6734578/figure/F1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6734578/figure/F1/
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The expression of kainic acid receptor subunits in 
neuronostatin neurons (GluK1–3 and GluK5)

Dual immunofluorescence studies showed that 
GluK1-, GluK2-, GluK3- and GluK5-positive neuronos-
tatin neurons were expressed in the anterior hypotha-
lamic periventricular nucleus. However, a small number 
of GluK1-, GluK2-, GluK3- (Fig. 2A) and GluK5-positive 
neuronostatin neurons (Fig. 2B) was observed in the 
anterior hypothalamic periventricular nucleus (Table 1).

The expression of AMPA receptor subunits in 
neuronostatin neurons (GluA1–4)

GluA1 (Fig. 3A) and GluA4 subunit protein (Fig. 3B)  
from the AMPA receptor family were co-expressed in 

neuronostatin neurons. However, GluA2 and GluA3 
subunit proteins were not expressed in neuronostatin 
neurons. 

GluA1, GluA4 and neuronostatin neurons were 
expressed in the anterior hypothalamic periventricu-
lar nucleus. A moderate number of neuronostatin 
neurons expressing GluA1 and GluA4 were detected 
in the anterior hypothalamic periventricular nucleus 
(Table 1).

The expression of NMDA receptor subunits in 
neuronostatin neurons (GluN1 and GluN2A)

GluN1-positive neuronostatin neurons were ob-
served in the anterior hypothalamic periventricular 

Table 1. The distribution of the staining intensity of ionotropic glutamate receptor subunits in neuronostatin neurons localised in the 
anterior hypothalamic periventricular nucleus

Neuronostatin neurons

GluK1/2/3 GluK5 GluA1 GluA2 GluA3 GluA4 GluN1 GluN2A

+ + ++ – – ++ ++/+++ –

Figure 2. Immunofluorescence image of GluK1/2/3-positive neuronostatin (NST) neurons in the anterior hypothalamic periventricular nucleus 
(A). Immunofluorescence image of GluK5-positive neuronostatin neurons in the anterior hypothalamic periventricular nucleus (B). Neurons  
co-expressing both proteins (white arrowhead), only GluK1/2/3-positive neurons (yellow arrowhead).
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Figure 3. Immunofluorescence image of GluA1-positive neuronostatin (NST) neurons in the anterior hypothalamic periventricular nucleus (A). 
Immunofluorescence image of GluA4-positive neuronostatin neurons in the anterior hypothalamic periventricular nucleus (B). Immunofluores-
cence image of GluN1-positive neuronostatin neurons in the anterior hypothalamic periventricular nucleus (C). Neurons co-expressing both 
proteins (white arrowhead), only GluA1-positive neurons, only GluA4-positive neurons, only GluN1-positive neurons (yellow arrowhead) and 
only neuronostatin-immunoreactive neurons (blue arrowhead).

nucleus (Fig. 3C). However, no expression of GluN2A 
subunit protein was detected in neuronostatin neu-

rons. The number of GluN1-positive neuronostatin 
neurons varied from moderate to high (Table 1).
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DISCUSSION
The present study showed that both NMDA and 

non-NMDA glutamate receptor proteins were synthe-
sised by neuronostatin neurons. Our results indicated 
that neuronostatin neurons express iGluRs subunits 
in varying quantities and intensities. To the best of 
our knowledge, this is the first descriptive study on 
the differential expression pattern of iGluRs in the 
neuronostatin neurons localised in the anterior hy-
pothalamic periventricular nucleus. GluA1, GluA4, 
GluK1/2/3, GluK5 and GluN1 receptor proteins were 
expressed in neuronostatin neurons, but no immu-
noreactivity indicating the presence of GluA2, GluA3 
and GluN2A proteins was detected.

Localisation of ionotropic glutamate receptors in 
the anterior hypothalamic periventricular nucleus

Studies showing the distribution at mRNA and pro-
tein levels of glutamate receptors in the central nervous 
system and hypothalamus are available in the literature 
[7, 8, 18, 25, 26, 29]. In studies on immunohistochem-
istry and in-situ hybridisation in the anterior hypotha-
lamic periventricular nucleus, GluA1 and GluA2 proteins 
from the AMPA receptor family were moderately high 
in density; GluA3 and GluA4 have been reported to be 
expressed at low intensity [18, 29]. In another in-situ 
hybridisation study, the presence at the mRNA level of 
kainate receptor subunits was determined in the an-
terior hypothalamic periventricular nucleus and it was 
shown that GluK5 expression was high and that other 
subunits (GluK1, GluK2 and GluK3) were expressed at 
low-medium density [7]. In the same study, mRNA sig-
nals of NMDA receptor subunits were also determined 
and the most intense signal was shown to belong to 
GluN2A. mRNA signals of GluN1, GluN2B and GluN2D 
subunits were reported to be moderate, and at low den-
sity for GluN2C [7]. Results of the present study show 
that some NMDA and non-NMDA glutamate receptor 
signals belong to neuronostatin neurons in the anterior 
hypothalamic periventricular nucleus.

Kainic acid receptor subunits in neuronostatin 
neurons (GluK1–3 and GluK5)

Glutamate receptor subunits combine to form 
functional receptor complexes. These receptor com-
plexes may be homomeric or heteromeric. Homomeric 
ion channels are formed by combining the same 
subunits, heteromeric functional ion channels are 
formed by combining different subunits [10, 15, 19]. 
The present study demonstrated that neuronostatin 

neurons express receptor subunit proteins of the 
kainate receptor family.

The present study suggests two ideas about the 
kainate receptor proteins expressed in neuronostatin 
neurons: 1) The GluK5 subunit cannot form a stand-
alone channel; it can form a functional heteromeric 
kainate receptor complex combined with one of the 
GluK1, GluK2 or GluK3 subunits; 2) GluK1, GluK2 
or GluK3, which are low-affinity kainate receptor 
subunits, may form functional homomeric kainate 
receptor complexes.

AMPA receptor subunits in neuronostatin neurons 
(GluA1–4)

AMPA receptor complexes may form homomeric 
ion channels but are mostly present in the form of het-
eromers [10, 19]. GluA1 and GluA4 subunits, which 
were determined to be expressed in neuronostatin 
neurons, were thought to form functional cation 
channels either individually or together. The results of 
the present study showed that the activating effect of 
glutamate on neuronostatin neurons was mediated 
by AMPA-selective ionotropic glutamate receptors 
along with kainate receptors.

NMDA receptor subunits in neuronostatin 
neurons (GluN1 and GluN2A)

NMDA receptor subunits can only form functional 
receptor complexes of heteromeric structure [23]. 
The essential subunit of NMDA receptor complexes 
is GluN1 [15]. The present study showed that GluN1, 
a NMDA receptor subunit protein, was expressed in 
neuronostatin neurons.

Although GluN2A immunoreactivity was not de-
termined in neuronostatin neurons, they were still 
thought to carry functional NMDA-selective gluta-
mate receptors. This is because: 1) Expression of 
GluN1, the indispensable subunit of NMDA receptor 
complexes, was positive in neuronostatin neurons;  
2) The GluN1 subunit forms functional receptor chan-
nels with other types of GluN2. In the present study, 
the expressions of GluN2B, GluN2C and GluN2D sub-
units in neuronostatin neurons were not investigated. 
Even so, the GluN2B, C and D receptor types are  
expressed in the anterior hypothalamic periventricu-
lar nucleus. The results suggest that neuronostatin  
neurons localised in the anterior hypothalamic pe-
riventricular nucleus may also express these recep-
tor types and therefore may be regulated by NMDA 
receptors. 
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For the first time in the literature, our study 
demonstrated that the neuronostatin neurons express 
glutamate receptor subunits which may form homo-
meric or heteromeric functional receptor complexes.

CONCLUSIONS
As conclusion, glutamate plays an effective role 

in regulating the functions of neurons synthesising 
neuronostatin and glutamate shows its effectiveness 
through NMDA and non-NMDA receptors.

Conflict of interest: None declared
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Background: Much published data exists on the position of cervicothoracic gan-
glion, but a little published research has been done on the cervicothoracic system 
of dog. Herein, we illustrated topographical position and shape of each ganglion 
of cervicothoracic system to determine the distribution of nerves dispersing from 
them on two sides, left and right. 
Materials and methods: Our work designed on the usage of 10 healthy adult 
dogs. Left cervicothoracic sympathetic system is represented by two ganglia: cau-
dal and middle ganglion, while the right system is represented by three ganglia: 
caudal, middle cervical and small accessory ganglia. 
Results: Left caudal cervical ganglion was elongated triangular, while the right 
one was elongated spindle in shape. Left caudal cervical ganglion was located on 
lateral surface of longus colli muscle, at the first intercostal space, while the right 
one was located at the level of the second rib. Left middle cervical ganglion was 
ovoid in shape and located at the first intercostal space, while the right one was 
located at the level of the second rib. There were two nerve trunks forming ansa 
subclavian trunk on both sides. There were three sympathetic-parasympathetic 
communicating branches on both sides. 
Conclusions: Our study recorded the first observation of left pericardial branch 
in dog, which originated from the caudal angle of middle cervical ganglion. There 
was a small ganglion located on the lateral surface of trachea at the level of the 
first rib. (Folia Morphol. 2022; 81, 1: 20–30)

Key words: caudal cervical ganglion, middle cervical ganglion, accessory 
cervical ganglion, ansa subclavia, dog

INTRODUCTION
The accumulating body of evidence recorded that 

the autonomic sympathetic nervous system is formed 

from nerves and ganglia [6]. Furthermore, several re-
ports have described that the ganglia make communi-
cation between the central nervous system from one 
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side to the viscera on the other side of the body. In the 
cervical region, the ganglia of the sympathetic chain 
are classified into three bilaterally situated ganglia: 
cranial, middle, and caudal cervical ganglion [1, 6, 9, 
13, 22]. Sometimes, another ganglia may be present 
on the vertebral nerve named vertebral ganglion [22].

The caudal cervical or the stellate ganglion was 
described previously in many published articles in 
different animals [1, 6, 8, 14, 17, 19]. Moreover, as 
recorded in several reports, the cervicothoracic system 
with its all nerves give an autonomic sympathetic 
innervation of the forelimb, cervical region, and the 
organs included in the chest region [1, 10, 21]. 

There were several published anatomical books 
mentioning the position of the cervicothoracic gan-
glia in the dog. However, to date, a scanty report 
recorded the cervicothoracic ganglia in Baladi dogs. 
The current investigation was prepared to illustrate 
the cervicothoracic system and describe the topo-
graphical position, shape of the caudal and middle 
cervical ganglion on each side and their relationship 
with the surrounding structures and the nerves dis-
persing from them. Finally, the obtained data were 
compared to those reported in other animal species.

MATERIALS AND METHODS 
Animals 

Ten healthy adult dogs of both sexes (sexes and 
body weights were not recorded) were collected 
from the Kafrelsheikh Governorate and transported 
to the anatomical lab of the Anatomy and Embryology 
Department of the Faculty of Veterinary Medicine, 
Alexandria University, Egypt to make the anatomi-
cal studies. The dog considered the famous canine 
species. The Baladi dog is the famous dog in Egyptian 
street. The dog belongs to carnivore order, Canidae 
family, canis genus, canis iupus species, and canis 
iupus familiaris (Linnaeus, 1758) subspecies [4, 23].

This study followed the guidelines for the care and 
use of laboratory animals and the animal welfare and 
was approved by the Ethics Committee of the Faculty 
of Veterinary Medicine, Alexandria University accord-
ing the Egyptian laws. Adequate measures were taken 
to minimize pain or discomfort of examined animals. 

Preparation of animals 

The collected dogs were given an injection of ace-
promazine (0.05 mg/kg/IM), and after 10 min injection 
of xylazine (0.2 mg/kg of body weight/IM) and atropine 

(0.04 mg/kg). All dogs were well bled via a cannula 
placed in the common carotid artery; the cannula was 
subsequently used as an inflow port for injection of 
10% formalin solution through the common carotid 
artery to fix the specimens, and then, after specimens 
had been stored for 2 weeks, the fixation process was 
completed. The anatomical dissection technique was 
carried out on both sides of all dogs to describe the 
topographical position, shape, and branches of the 
ganglia. The dissected dogs were photographed by 
means of a digital camera (Canon IXY 325, Japan). The 
measurements were carried out by utilising digital cal-
lipers. The quantitative results were expressed as mean 
± standard deviation. The anatomical terms followed 
the Nomina Anatomica Veterinaria [18].

RESULTS
Anatomical description of the left cervicothoracic 
sympathetic system

The left cervicothoracic sympathetic system was 
represented by the presence of the two ganglia: the 
caudal (cervicothoracic) and the middle cervical gan-
glion (Figs. 1–5; G and M), in addition to one or more 
thoracic ganglia. The caudal cervical (cervicothoracic) 
ganglion was elongated triangular in shape with its 
apex ventrally and located on the lateral surface of 
the longus colli muscle, at the first intercostal space. 
The cranial 1/4 of the examined ganglion was crossed 
laterally by the first thoracic spinal nerve of the brachi-
al plexus and the costocervical artery (Figs. 1 and 2). 

In all examined dogs, the formation of the caudal 
cervical ganglion (cervicothoracic) achieved by the 
union of the last (eighth) cervical sympathetic nerve 
and the first two thoracic sympathetic ganglia. There 
were several rami communicantes received by the 
caudal cervical ganglion, which were originated from 
the eight cervical and the first two thoracic spinal 
segments. These rami communicantes originating 
from the first two thoracic spinal segments were 
united with the sympathetic trunk to combine with 
the caudal cervical ganglion at its caudodorsal angle 
(Figs. 1–5; b and c). The ramus communicans named 
the eight cervical spinal segments was combined 
with the caudal cervical ganglion at its craniodorsal 
border (Figs. 1–5; a).

Middle cervical ganglion (Figs. 1–5; M) was ovoid 
or, in some cases, spindle in shape. It was located at the 
same level of the caudal cervical ganglion, at the first 
intercostal space or at the level of the second rib (2 cases). 
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Its dorsal 1/4 was covered laterally by the left subclavian 
artery before its bifurcation into common carotid, internal 
thoracic and axillary arteries. The middle cervical ganglion 
communicated with the caudal cervical ganglion by two 
nerve trunks forming the left ansa subclavia. After it left 
the vagosympathetic nerve trunk, the cervical part of the 
sympathetic nerve trunk was combined with the middle 
cervical ganglion at its cranial angle.  

Branches dispersing from the left caudal cervical 
ganglion

The vertebral nerve

The vertebral nerve (Figs. 1 and 2; Vn) was a large 
nerve that originated from the cranial angle of the 
triangular caudal cervical ganglion. Then, it passed 
in the craniodorsal direction on the lateral surface of 
the longus colli muscle and was covered laterally by 
the last cervical and the first thoracic spinal nerve. 
During its course, it was corresponding with the 
vertebral artery and vein (Figs. 1–3; Va and Vv), after 
that, they passed under the transverse process of the 
seventh cervical vertebrae and entered the transverse 
foramen of the sixth cervical vertebrae. 

The ansa subclavian nerve

The ansa subclavia was the nerve dispersing from 
the caudal cervical ganglion and wrapped around the 
left subclavian artery. The left ansa subclavia consisted 
of two nerve trunks originating from the caudoventral 
angle of the caudal cervical ganglion and named: 
the lateral small branch and the medial large branch  
(Figs. 1–5; Ad and Av).

Figure 1. Illustrated image to describe the left cervicothoracic 
system of dog; G — left cervicothoracic ganglion; M — middle 
cervical ganglion; a — last (eighth) cervical sympathetic nerve;  
b — first thoracic sympathetic ganglion; c — second thoracic 
sympathetic ganglion; br — the nerve to brachiocephalic trunk;  
Bbr — ramus communicans combined with the thoracic spinal nerve 
to share in the formation of the brachial plexus; Ad — lateral small 
ansa subclavia nerve; Av — medial large ansa subclavia nerve;  
Pr — pericardial branch; 3 — the long caudally directed sympathe- 
tic-parasympathetic communicating branch; mc — cardiac nerves; 
Aa — aortic arch; Ls — left subclavian artery; Tha — thoracic aor-
ta; white stars refer to the intercostal arteries; Es — oesophagus; 
Lm — longus colli muscle; Va — vertebral artery; Vn — vertebral 
nerve; Sn — sympathetic nerve; Inv — internal thoracic vein;  
V — vagus nerve; Ldv — left dorsal vagus nerve; Lvv — left 
ventral vagus nerve; Ph — phrenic nerve; H — heart; La — left 
atrium; Crv — cranial venea cavae.

Figure 2. Gross anatomical photographs of the lateral macroscopic 
appearance of left cervicothoracic ganglion after the cranial reflec-
tion of the first rib (R1), removal of succeeding three ribs (R2–R4), 
reflection of fifth and sixth ribs (R5 and R6), and elevation of bra-
chial plexus (Bp): View I with the presence of left subclavian vein 
and its branches and view II after removal of left subclavian vein 
and its branches; G — left cervicothoracic ganglion; M — middle 
cervical ganglion; a — last (eighth) cervical sympathetic nerve;  
b — first thoracic sympathetic ganglion; c — second thoracic 
sympathetic ganglion; br — the nerve to brachiocephalic trunk; 
Bbr — a long ramus communicans combined with the first thoracic 
spinal nerve to share in the formation of the brachial plexus;  
Bbr1 — short ramus communicans combined with the first thoracic 
spinal nerve to share in the formation of the brachial plexus; Ad — 
lateral small ansa subclavia nerve; Av — medial large ansa subcla-
via nerve; Pr — pericardial branch; 3 — the long caudally directed 
sympathetic-parasympathetic communicating branch; mc — car- 
diac nerves; Aa — aortic arch; Ls — left subclavian artery; Tha — 
 thoracic aorta; Es — oesophagus; Lm — longus colli muscle; 
cc — costocervical artery; Va — vertebral artery; Vv — vertebral 
vein; Vn — vertebral nerve; ca — common carotid artery; Vst — 
vagosympathetic trunk; Sn — sympathetic nerve; Ax — axillary 
artery; Ina — internal thoracic artery; Inv — internal thoracic vein; 
red asterisk — intercostal arteries; V — vagus nerve; Ldv — left 
dorsal vagus nerve; Rdv — left dorsal vagus nerve; Lvv — left ven-
tral vagus nerve; Dvn — dorsal vagal nerve trunk; Di — diaphragm; 
Ph — phrenic nerve; H — heart; Rn — recurrent laryngeal nerve.
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The lateral small branch (Figs. 1–5; Ad) was direct-
ed oblique ventrally and passed on the lateral surface 
of the left subclavian artery, and then fused with the 
medial large branch of the ansa subclavia, entered 
the middle cervical ganglion as one nerve trunk from 

its dorsal arch and embedded directly in the body of 
the middle cervical ganglion (Figs. 1–4; CAV). While 
the medial large branch of the ansa subclavia passed 
medially to the left subclavian artery and on the lat-
eral surface of the oesophagus (Figs. 1–5; Ad and Av)  

Figure 3. Gross anatomical photographs of lateral macroscopic 
appearance of the left cervicothoracic ganglion after the removal  
of first four ribs (R1–R4), and the elevation of brachial plexus (Bp);  
View I revelaed the presence of left subclavian vein and its branch-
es while; View II revelaed the removal of left subclavian vein and 
its branches; G — left cervicothoracic ganglion; M — middle cer-
vical ganglion; a — last (eighth) cervical sympathetic nerve; b — 
first thoracic sympathetic ganglion; c — second thoracic sympa-
thetic ganglion; br — nerve to brachiocephalic trunk; Bbr — a long 
ramus communicans combined with the first thoracic spinal nerve 
to share in the formation of the brachial plexus; Bbr1 — short 
ramus communicans combined with the first thoracic spinal nerve 
to share in the formation of the brachial plexus; br — nerve to the 
brachiocephalic trunk; Ad — lateral small ansa subclavia nerve; 
Av — medial large ansa subclavia nerve; Pr — pericardial branch; 
3 — the long caudally directed sympathetic-parasympathetic com-
municating branch; mc — cardiac nerves; Cp — cardiac plexus; 
Aa — aortic arch; Ls — left subclavian artery; Tha — thoracic 
aorta; Es — oesophagus; Lm — longus colli muscle; cc — costo-
cervical artery; Va — vertebral artery; Vn — vertebral nerve;  
ca — common carotid artery; Vst — vagosympathetic trunk; 
Sn — sympathetic nerve; Ax — axillary artery; Ina — internal 
thoracic artery; red star — intercostal artery; V — vagus nerve; 
H — heart; Rn — recurrent laryngeal nerve.

Figure 4. Gross anatomical photographs of lateral macroscopic 
appearance of the left cervicothoracic ganglion after the removal 
of first four ribs (R1–R4), and the elevation of brachial plexus (Bp); 
View I revelaed the presence of left subclavian vein and its branch-
es while; View II revelaed the removal of left subclavian vein and 
its branches; G — left cervicothoracic ganglion; M — middle 
cervical ganglion; a — last (eighth) cervical sympathetic nerve; 
b — first thoracic sympathetic ganglion; c — second thoracic 
sympathetic ganglion; br — the nerve to brachiocephalic trunk; 
Bbr — a long ramus communicans combined with the first tho-
racic spinal nerve to share in the formation of the brachial plexus; 
Bbr1 — short ramus communicans combined with the first tho-
racic spinal nerve to share in the formation of the brachial plexus; 
Ad — lateral small ansa subclavia nerve; Av — medial large ansa 
subclavia nerve; CAV — common ansa subclavia nerve; Vn — 
vertebral nerve; Pr — pericardial branch; 1 and 2 — represent the 
two-short sympathetic-parasympathetic communicating branch; 
3 — the long caudally directed sympathetic-parasympathetic com-
municating branch; mc — cardiac nerves; Cp — cardiac plexus; 
Ls — left subclavian artery; Tha — thoracic aorta; Es — oesoph-
agus; Lm — longus colli muscle; Vst — vagosympathetic trunk; 
S — sympathetic trunk; Sn — sympathetic nerve; red asterisk — 
intercostal arteries; V — vagus nerve; H — heart; Rn — recurrent 
laryngeal nerve.
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until it united with the lateral one forming the com-
mon trunk that embedded directly in the body of the 
middle cervical ganglion. 

The nerve to the brachiocephalic trunk

It was the smaller branch dispersing from the 
caudoventral border of the caudal cervical ganglion 
near to its caudoventral angle, and then directed 
caudoventrally to the medial surface of the brachio-
cephalic and the left subclavian artery (Figs. 1–5; br). 

The rami communicants

There were two rami communicants combined with 
the first thoracic spinal nerve to share in the formation of 
the brachial plexus. These two rami communicants orig-
inated from the craniodorsal border of the caudal cer-
vical ganglion. These two rami communicants were de-
scribed as: a short and long one (Figs. 1–3; Bbr and Bbr1).  
In 2 cases of the examined dogs, there was only one 
ramus communicans to the first thoracic spinal nerve. 

Branches dispersing from the middle cervical 
ganglion

Cardiac nerves

There were two or three cardiac nerves originating 
from the ventral and medial surface of the middle 
cervical ganglion. These cardiac nerves coursed ven-
trally or slightly caudoventrally to combine with other 
cardiac nerves forming a cardiac plexus (Figs. 1–5; 
mc and Cp). 

The sympathetic-parasympathetic communicating 
branch

There were three sympathetic–parasympathetic 
communicating branches joining the vagus nerve; 
two short branches directed ventrally and one long 
branch directed caudally. The two short ventrally di-
rected branches originated from the ventral arch of 
the ovoid middle cervical ganglion to join the vagus 
nerve (Figs. 1–5; 1 and 2), and these two nerves are 
5 cm long, 2 cm wide and 1 cm thick.

Figure 5. Gross anatomical photographs of lateral macroscopic ap-
pearance of the left cervicothoracic ganglion; G — left cervicotho-
racic ganglion; M — middle cervical ganglion; b — first thoracic 
sympathetic ganglion; c — second thoracic sympathetic ganglion; 
br — the nerve to brachiocephalic trunk; Ad — lateral small ansa 
subclavia nerve; Av — medial large ansa subclavia nerve; Vn — 
vertebral nerve; Pr — pericardial branch; 1 and 2 — represent the 
two-short sympathetic-parasympathetic communicating branch; 
3 — the long caudally directed sympathetic-parasympathetic com-
municating branch; mc — cardiac nerves; Cp — cardiac plexus;  
Ls — left subclavian artery; Tha — thoracic aorta; Es — oesophagus; 
Lm — longus colli muscle; Sn — sympathetic nerve; red asterisk 
— intercostal arteries; V — vagus nerve; H — heart; Rn — recur-
rent laryngeal nerve; pi — pericardium; La — left atrium.

Figure 6. Illustrated image to describe the right cervicothoracic 
system of dog; G — right cervicothoracic ganglion; M — middle 
cervical ganglion; a — last (eighth) cervical sympathetic nerve; 
b — first thoracic sympathetic ganglia; c — second thoracic sym-
pathetic ganglia; mr — muscular branch from right cervicothoracic 
ganglia; Bbr — the ramus communicans combined with the last 
cervical spinal nerve to share in the formation of the brachial plex-
us; Ad — lateral small ansa subclavia nerve; Av — medial large 
ansa subclavia nerve; cdm — the cranioventrally directed nerve; 
Vn — vertebral nerve; Cr — the caudal cardiac nerve; V — vagus 
nerve; Vst — vagosympathetic trunk; Sn — sympathetic nerve; 
S1 — communicating sympathetic branch between the middle 
and the small ganglia; sg — small ganglion; cv — caudoventrally 
directed branch from the cranioventrally directed nerve.
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The long caudally directed branch measured about 
5 cm in length, 2 cm in breadth and 1.5 cm in thick-
ness and originated from the caudal angle of the 
middle cervical ganglion together with the pericardial 
branch (Figs. 1–5; 3 and Pr), and then directed caudally 
for 5 cm and united with the vagus nerve before the 
origin of the recurrent laryngeal nerve from the vagus 

nerve by 1 cm (Fig. 4; 3, V and Rc), except in one case 
where it united with the vagus nerve after the origin 
of the recurrent laryngeal nerve by 1.5 cm

Pericardial branch

It originated from the caudal angle of the mid-
dle cervical ganglion together with the long caudally 

Figure 7. Gross anatomical photographs of lateral macroscopic ap-
pearance of the right cervicothoracic ganglion after the elevation of 
the brachial plexus (Bp); View I revelaed the presence of left sub-
clavian vein and its branches while; View II revelaed the removal 
of left subclavian vein and its branches; G — right cervicothoracic 
ganglion; M — middle cervical ganglion; a — last (eighth) cervical 
sympathetic nerve; b — first thoracic sympathetic ganglia;  
c — second thoracic sympathetic ganglia; mr — muscular branch 
from right cervicothoracic ganglia; Bbr — the ramus communicans 
combined with the last cervical spinal nerve to share in the for-
mation of the brachial plexus; Ad — lateral small ansa subclavian 
nerve; Av — medial large ansa subclavia nerve; cdm — the cranio-
ventrally directed nerve; Vn — vertebral nerve; Cr — the caudal 
cardiac nerve; mc — cardiac nerves; Rs — right subclavian artery; 
Ax — axillary artery; Ina — internal thoracic artery; cc — costo-
cervical trunk; Lm — longus colli muscle; Vst — vagosympathetic 
trunk; Sn — sympathetic nerve; Vv — vertebral vein; Va — verte-
bral artery; Sn — sympathetic nerve; VCr — cranial venea cavae; 
H — heart; Ph — phrenic nerve; T — trachea; Vb — azygos vein; 
RL — right lung; Puv — pulmonary veins; R1 — first rib.

Figure 8. Gross anatomical photographs of lateral macroscopic 
appearance of the right cervicothoracic ganglion after the ele-
vation of the brachial plexus (Bp); View I revealed the presence 
of left subclavian vein and its branches while; View II revealed 
the removal of left subclavian vein and its branches; G — right 
cervicothoracic ganglion; M — middle cervical ganglion; a — last 
(eighth) cervical sympathetic nerve; b — first thoracic sympathetic 
ganglion; c — second thoracic sympathetic ganglion; mr — mus-
cular branch from right cervicothoracic ganglion; Bbr — the ramus 
communicans combined with the last cervical spinal nerve to share 
in the formation of the brachial plexus; Ad — lateral small ansa 
subclavia nerve; Av — medial large ansa subclavia nerve; cdm — 
the cranioventrally directed nerve; Vn — vertebral nerve; Cr — the 
caudal cardiac nerve; cm — cardiac nerves; Cp — cardiac plexus; 
Rs — right subclavian artery; ca — common carotid artery; Ax — 
axillary artery; Ina — internal thoracic artery; cc — costocervical 
trunk; Lm — longus colli muscle; Vst — vagosympathetic trunk;  
V — vagus nerve; S — sympathetic nerve trunk; Sn — sympathetic 
nerve; Vv — vertebral vein; Va — vertebral artery; Sn — sympa-
thetic nerve; VCr — cranial venea cavae; H — heart; Ph — phrenic 
nerve; T — trachea; Vb — azygos vein; RL — right lung; Puv — 
pulmonary veins; R1 — first rib.  
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directed branch of the sympathetic–parasympathetic 
communicating branches (Figs. 1–4; 3 and Pr), and then 
directed caudoventrally to reach the pericardium above 
the left auricle, then it penetrates the pericardium to 
reach the wall of the left auricle (Fig. 5; Pr, pi and La).

Anatomical description of the right 
cervicothoracic sympathetic system

The right cervicothoracic sympathetic system was 
represented by two sympathetic ganglia: the caudal 
(cervicothoracic) and the middle cervical ganglion 
(Figs. 6–10; G and M). The caudal cervical ganglion 
was elongated, spindle in shape and located at the 
level of the second rib on the lateral surface of the 
longus colli muscle (Figs. 6–10; G and Lm), while the 
cranial 1/4 of the ganglion was located in the groove 

between the longus colli muscle and the trachea (Figs. 
6–10; G, Lm and T). The cranial 1/2 of the examined 
ganglion was covered laterally by the second and 

Figure 10. Gross anatomical photographs of lateral macroscopic 
appearance of the right cervicothoracic ganglion after elevation of 
brachial plexus (Bp); View I revealed the presence of left subclavi-
an vein and its branches while; View II revealed the removal of left 
subclavian vein and its branches; G — right cervicothoracic  
ganglion; M — middle cervical ganglion; sg — small ganglion;  
a — last (eighth) cervical sympathetic nerve; b — first thoracic 
sympathetic ganglion; c — second thoracic sympathetic ganglion; 
mr — muscular branch from right cervicothoracic ganglion;  
Bbr — the ramus communicans combined with the last cervical 
spinal nerve to share in the formation of the brachial plexus; Ad —  
lateral small ansa subclavia nerve; Av — medial large ansa subcla-
via nerve; cdm — the cranioventrally directed nerve; Vn — verte-
bral nerve; Cr — the caudal cardiac nerve; mc — cardiac nerves;  
Cp — cardiac plexus; 1 and 2 — the two small sympathetic-par-
asympathetic communicating branches which originated from 
the middle cervical ganglion and directed ventrally to join with the 
vagus nerve; 3 — the sympathetic-parasympathetic communicating 
branch of the accessory small ganglion; cv — caudoventrally direct-
ed branch from the cranioventrally directed nerve; sc — the ventrally 
directed cardiac nerve from the small ganglia; S1 — communicating 
sympathetic branch between the middle and the small ganglia;  
Lm — longus colli muscle; Vst — vagosympathetic trunk; V — vagus 
nerve; S — sympathetic nerve trunk; Sn — sympathetic nerve;  
Sn — sympathetic nerve; VCr — cranial venea cavae; T — trachea; 
Bbr — the ramus communicans combined with the last cervical spi-
nal nerve to share in the formation of the brachial plexus.

Figure 9. Gross anatomical photographs of the cranial macroscop-
ic view of the right cervicothoracic ganglion after the elevation 
of the brachial plexus (Bp); G — right cervicothoracic ganglion; 
M — middle cervical ganglion; sg — small ganglion; a — last 
(eighth) cervical sympathetic nerve; b — first thoracic sympathetic 
ganglion; c — second thoracic sympathetic ganglion; mr — mus-
cular branch from right cervicothoracic ganglia; Bbr — the ramus 
communicans combined with the last cervical spinal nerve to share 
in the formation of the brachial plexus; Ad — lateral small ansa 
subclavian nerve; Av — medial large ansa subclavia nerve;  
cdm — the cranioventrally directed nerve; Vn — vertebral nerve; 
Cr — the caudal cardiac nerve; mc — cardiac nerves; S1 — 
communicating sympathetic branch between the middle and the 
small ganglia; Rs — right subclavian artery; ca — common carotid 
artery; Ax — axillary artery; Ina — internal thoracic artery; cc — 
costocervical trunk; Lm — longus colli muscle; Vst — vagosympa-
thetic trunk; V — vagus nerve; Va — vertebral artery; S — sympa-
thetic nerve trunk; Sn — sympathetic nerve; T — trachea.
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third thoracic spinal nerve of the brachial plexus (Figs. 
6–10; G, Bp and R2). 

The right caudal cervical ganglion was located in 
the cranial 1/4 of the quadrilateral venous area. This 
quadrilateral area was formed by: vertebral veins 
cranially, the right vena azygous caudally, the cranial 
vena cava ventrally, and the vertebral column dorsally 
(Figs. 7I and 8I; G, Vv, VCr and Vb). 

In all examined dogs, the formation of the caudal 
cervical ganglion was achieved by the union of the 
last (eighth) cervical sympathetic nerve and the first 
two thoracic sympathetic ganglia. There were several 
rami communicants received by the caudal cervical 
ganglion, which originated from the eight cervical 
and the first two thoracic spinal segments. These 
rami communicants that originated from the first two 
thoracic spinal segments were united with the sympa-
thetic trunk to combine with the caudal cervical gan-
glion at its craniodorsal angle (Figs. 6–10; b and c).  
The ramus communicans named eight cervical spi-
nal segment was combined with the caudal cervical 
ganglion at its craniodorsal border (Figs. 6–10; a).

Middle cervical ganglion (Figs. 6–10; M) was ovoid 
in shape, and it was located at the same level of the 
caudal cervical ganglion, at the level of the second 
rib, nearly the ventrolateral surface of the trachea. The 
middle cervical ganglion was located on the lateral 
surface of the right subclavian artery and its caudal 
1/4 was covered laterally by the vertebral vein (Figs. 
6–10; Rs and Vv). The middle cervical ganglion was 
communicated with the caudal cervical ganglion by 
the two-nerve loop trunk named the ansa subclavia: 
the lateral and the medial nerve loop trunk (Figs. 
6–10; Ad and Av). Furthermore, the middle cervical 
ganglion was communicated with the accessory small 
ganglion by the cranially directed nerve branch orig-
inated from the cranial angle of the middle cervical 
ganglion (Figs. 6–10; S1).

Branches of the right caudal cervical ganglion

The vertebral nerve

The vertebral nerve (Figs. 6, 7; Vn) originated from 
the cranial part of the craniodorsal border of the cau-
dal cervical (cervicothoracic) ganglion. Then, it passed 
under the last cervical spinal nerve in the craniodorsal 
direction. During its course, it was corresponding with  
the vertebral artery and vein (Fig. 7; Va and VV). After 
that, they passed under the transverse process of the 
seventh cervical vertebrae and enter the transverse 
foramen of the sixth cervical vertebrae. 

The ansa subclavian nerve

The nerve loop trunk named the ansa subclavia 
consists of two nerve loops: the lateral and the me-
dia nerve trunk loop. The lateral nerve loop of the 
ansa subclavia (Figs. 6–10; Ad) originated from the 
cranial part of the caudoventral border of the caudal 
cervical ganglion and ran caudal to the origin of the 
medial nerve loop of the ansa subclavia by 0.3 cm, 
and then it directed ventrally on the lateral surface 
of the trachea to enter the dorsal arch of the middle 
cervical ganglion.  

The medial nerve loop of the ansa subclavia (Figs. 
6–10; Av) originated from the cranial part of the 
caudoventral border of the caudal cervical ganglion, 
and then it directed ventrally directly on the lateral 
surface of the trachea and passed under the right 
subclavian artery to join the middle cervical ganglion 
at its medial surface. This nerve loop measured about 
3.5 cm in length and 0.1 cm in width. 

The cranioventrally directed nerve

This nerve originated from the cranial part of the 
caudoventral border of the caudal cervical ganglion 
(Figs. 6–10; cdm), and then it ran directed cranioven-
trally on the lateral surface of the trachea and joined 
the sympathetic nerve trunk before its union with the 
middle cervical ganglion forming a small sympathetic 
ganglion (Figs. 6–10; sg). The cranioventrally directed 
nerve measured about 4.5 cm in length and 0.3 cm 
in width and before its sharing in the formation of 
the small sympathetic ganglion by 1 cm it gave off  
a caudoventrally directed cardiac branch (Figs. 6–10; cv)  
of 4 cm in length to share in the cardiac plexus for-
mation with other cardiac branches originating from 
the ansa subclavia and the middle cervical ganglion.

The ramus communicans

There was only one ramus communicans that 
was combined with the last cervical spinal nerve 
which sharing in the formation of the brachial plexus  
(Figs. 6–10; Bbr). This ramus communicans originated 
from the craniodorsal angle of the caudal cervical 
ganglion.

Muscular branch

There was only one muscular branch that originat-
ed from the craniodorsal angle of the caudal cervical 
ganglion (Figs. 6–10; mr). This branch was directed 
craniodorsally in corresponding with the vertebral 
nerve and ramus communicans and was combined 
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with the last cervical spinal nerve, in which these three 
branches had the same origin from the craniodorsal 
angle of the caudal cervical ganglion.  

Branches of the middle cervical ganglion

The sympathetic–parasympathetic communicating 
branch of the middle cervical ganglion

There were two smalls sympathetic–parasympa-
thetic communicating branches of 0.7 cm in length 
(Figs. 6 and 10; 1 and 2), which originated from the 
middle cervical ganglion and directed ventrally to join 
the vagus nerve.

The caudal cardiac nerve

There were two or three cardiac nerves originating 
from the ventral and medial surface of the middle cer-
vical ganglion (Figs. 6–10; mc). These cardiac nerves 
coursed slightly caudoventrally to combine with other 
cardiac nerves originating from the lateral loop of 
ansa subclavia, cranioventrally directed nerve and 
small ganglia to form a cardiac plexus (Figs. 6–10; CP). 

Anatomical description of the accessory  
small ganglion

There was a small ganglion located on the lateral 
surface of the trachea at the level of the first rib and 
cranial to the middle cervical ganglion by 1.2 cm (Figs. 
6–10; sg). This ganglion formed by the union of the 
cranial sympathetic branch that originated from the 
cranial angle of the middle cervical ganglion with the 
cranioventrally directed nerve that originated from 
the caudal cervical ganglion (Figs. 6–10; cdm and S1). 
The sympathetic nerve trunk was joining the cranial 
angle of the accessory small ganglion. 

Branches of the accessory small ganglion

The sympathetic–parasympathetic communicating 
branch of the accessory small ganglion 

This was a small ventrally directed branch of 1cm 
in length that originated from the ventral border of 
the accessory small ganglion to join the vagus nerve 
(Figs. 6 and 10; 3).

The caudoventrally directed cardiac branch

This was a small caudoventrally directed branch 
that originated from the caudal angle of the acces-
sory small ganglion to share in the formation of the 
cardiac plexus (Figs. 6 and 10; sc).

DISCUSSION 
The present study clarified that the Baladi dog 

had some anatomical variations in the position of 
the ganglia forming the cervicothoracic system on 
two sides; the left caudal cervical ganglion was 
located at the first intercostal space on the lateral 
surface of the longus colli muscle, while the right 
caudal cervical ganglion was located at the level 
of the second rib. This variation in the position of 
the ganglia forming the cervicothoracic system 
was reported previously by Ozgel et al. [19] in the 
donkey in which the left and right caudal cervical 
ganglia of the four examined donkeys were locat-
ed at the level of the first intercostal space, but in 
one examined donkey, the left one was situated 
at the level of the second intercostal space, and in 
the area between the first and second intercostal 
spaces on the right side. In the horse [1], it was 
reported that the location of the left caudal cervical 
ganglion was cranial to the level of the first rib, but 
the right examined ganglion was located at the 
level of the first rib. However, there are numerous 
articles that noted that the left and right caudal 
cervical ganglia were located at the level of the 
first intercostal space [8, 12, 19, 20], while in the 
domestic animals König and Liebich [15] observed 
that the cervicothoracic ganglion was located at 
the level of the first rib. 

The previously published articles reported the 
presence of the some anatomical variations about 
the presence the middle cervical ganglion [6, 10, 15]. 
The current work observed the presence of the middle 
cervical ganglion on both sides; this result is similar to 
that noted by Ozgel et al. [19] in the donkey, while in 
the horse [1] it was observed that the middle cervical 
ganglion was present on the right side and absent 
on the left side. 

The current work agree with the observation not-
ed by many authors that the caudal cervical ganglion 
was situated on the lateral surface of the longus colli 
muscle [8, 19, 21]; however, in the horse [1] it was 
reported that the left-sided caudal cervical ganglion 
was located on the lateral surface of the oesophagus, 
while the right-sided caudal cervical ganglion was 
located on the ventrolateral surface of the longus 
colli muscle and trachea. In the roe deer [12] it was 
noted that the caudal cervical ganglion was located 
on the border of the longus colli muscle. 
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There are various appearances of the caudal cer-
vical ganglion observed in the numerous published 
articles [1, 11, 13, 16, 19–21]. The current study 
reported that, the left caudal cervical ganglion was 
elongated triangular in shape with its apex directed 
ventrally, while the right one is elongated spindle in 
shape. The general appearance of the caudal cervical 
ganglion is a spindle-shape or star shape, similar 
to that observed by [1, 6, 8, 10, 12, 19, 20]. In the 
donkey, there were five different appearance of the 
caudal cervical ganglion (fusiform, star, oval, lunate, 
and irregular) described by Ozgel et al. [19], but only 
three different appearance were noted by Kabak et 
al. [12] and Pather et al. [20]. In the horse [1] it was 
reported that the left caudal cervical ganglion was 
stellate in shape and compressed from its centre, 
while the right caudal cervical ganglion was stellate 
and middle cervical ganglion was star. 

Some published anatomical articles described the 
formation of the caudal cervical ganglion and ob-
served some variations between different animals. 
The caudal cervical ganglion consisted of union of the 
last (eighth) cervical and the first thoracic sympathetic 
nerves [5, 19]. However, the present study noted that 
the examined caudal cervical ganglion consisted of 
the union of the last (eighth) cervical and first two 
thoracic sympathetic nerves, this result was similar 
to those observed in roe deer and donkey [12, 19]. It 
consisted of the union of the last (eighth) cervical and 
first three thoracic sympathetic nerves as reported in 
the dog [7] and horse [1]. Moreover, Chung et al. [3] 
and Evans and Lahunta [8] reported that the caudal 
cervical ganglion consisted of the union of the last 
(eighth) cervical and first four thoracic sympathetic 
nerves. However, in the human [20] it was reported 
that the caudal cervical ganglion consisted of the 
union of the last two cervical and the first thoracic 
sympathetic nerve, and in some cases the second 
[13] or occasionally the third and the fourth thoracic 
sympathetic nerves [2].

The present study observed that the left caudal 
cervical ganglion gave off the following branches: the 
vertebral nerve, the two branches forming the ansa 
subclavia, the nerve to the brachiocephalic trunk, 
muscular branches, and the ramus communicans to 
the first thoracic spinal nerve. However, the previous 
literature reports [1, 13, 19, 20] described that the 
caudal cervical ganglion gave the following branches: 
the vertebral nerve, the two branches forming the 
ansa subclavia, and the caudal cardiac nerve. The 

rami communicants joining the brachial plexus were 
also reported by [1, 19, 20].  

There are some minor variations in the origin of 
the vertebral nerve from the caudal cervical ganglion  
[5, 13]. The present study observed that the left verte-
bral nerve originated from the cranial angle of the left 
caudal cervical ganglion, while the right vertebral nerve 
originated from the cranial part of the craniodorsal 
border of the caudal cervical ganglion. Abumadour 
and El-defrawy [1] and Ozgel et al. [19] observed that 
the vertebral nerve radiating from the craniodorsal 
angle of the caudal cervical ganglion.

The cardiac nerves were derived from the caudal 
cervical ganglion and sharing in the cardiac plexus 
formation [1, 13, 19]. In the present study, the car-
diac nerves originated directly from the caudal and 
middle cervical ganglion. In addition, there were some 
cardiac nerves that originated from ansa subclavia, 
accessory cervical ganglion.

The present study reports the first record of the 
presence of the pericardial branch in the dog that 
originated from the caudal angle of the middle cer-
vical ganglion, and then penetrated the pericardium 
to reach the wall of the left auricle. The pericardial 
branch was only reported previously in the horse [1].

The present study presents the first record of 
the sympathetic–parasympathetic communications 
branches, in which on the left side, there were three 
sympathetic–parasympathetic communicating branch-
es that originated from the middle cervical ganglion 
to join the vagus nerve, while on the right side there 
were sympathetic–parasympathetic communicating 
branches to join the vagus nerve; two branches orig-
inated from the middle cervical ganglion, in addition 
to only one sympathetic–parasympathetic commu-
nications branch that originated from the accessory 
cervical ganglion. The sympathetic–parasympathetic 
communications branch was previous reported only 
by Ozgel et al. [19] in one donkey on the right side 
and by Abumadour and El-defrawy [1] on both sides 
of all examined horse.

CONCLUSIONS
In the current work, there was a right small gan-

glion in addition to the other three cervical ganglia: 
cranial, middle and caudal. The right small ganglion 
named the accessory cervical ganglion was found on 
the right side only and absent on the left. This right 
accessory ganglion was located on the lateral surface 
of the trachea at the level of the first rib. This gangli-
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on formed by the union of the cranial sympathetic 
branch that originated from the cranial angle of the 
middle cervical ganglion with the cranioventrally di-
rected nerve that originated from the caudal cervical 
ganglion. In the roe deer [12] the presence of two 
accessory ganglions was observed, one on each side; 
the left one was located at the origin of the brachi-
ocephalic trunk from the aortic arch, while the right 
one was located on the dorsal side of the trachea.
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Background: The ulnar nerve (UN), a terminal branch of the medial cord of the 
brachial plexus, is located posteromedial to brachial artery coursing along medially 
in the arm from the anterior to the posterior compartment through the arcade 
of Struthers. It passes posterior to medial epicondyle of humerus and enters the 
cubital tunnel. Then, it exits through the distal part of the cubital fossa to enter 
the medial side of the forearm between the two heads of the flexor carpi ulnaris 
muscle underneath Osborne’s ligament to enter the anterior compartment of 
the forearm. Entrapment of the UN at the cubital tunnel results in a pain and  
a tingling sensation on the medial side of the forearm and fourth and fifth digits. 
Materials and methods: This foetal study documented the course of the UN 
within the cubital tunnel and its anatomical relations utilising bilateral microscopic 
dissection of 25 foetuses (gestational age: 19–36 weeks). 
Results: The UN followed the standard anatomical course in 96% (48/50) of the 
specimens, however it was found to lie deep to the muscles of the cubital tunnel 
in 6% (3/50). The radial artery joined the UN distal to the cubital tunnel in 8% 
(4/50), while the superior ulnar collateral artery was posteriorly related to the UN 
in 32% (16/50) of specimens. The Osborne’s ligament (crossed between the two 
heads of the flexor carpi ulnaris muscle, posterior to the medial epicondyle of the 
humerus) was present in all specimens 100% (50/50). It had a mean length of 
6.32 ± 0.97 mm and 6.30 ± 1.10 mm on the left and right sides, respectively. 
The current study observed that the flexor pronator aponeurosis was present in 
2% (1/50) of specimens.
Conclusions: Knowledge of the normal and variable anatomical course of the 
UN in the cubital tunnel in this study may assist in the diagnosis and treatment 
of compressive neuropathy of the UN in the cubital tunnel. (Folia Morphol 2022; 
81, 1: 31–36)

Key words: ulnar nerve, cubital fossa, foetal study and anatomical course
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INTRODUCTION
The ulnar nerve (UN) is the larger terminal branch 

of the medial cord of the brachial plexus formed 
by the ventral rami of C8 and T1, with occasional 
branches from C7 [4, 23]. In its course, it runs on the 
medial side of the brachial artery in the middle-third 
of the arm, pierces the medial intermuscular septum 
with the superior ulnar collateral artery (SUCA), runs 
in the arcade of Struthers between the septum and 
the medial head of the triceps [5, 18]. The arcade of 
Struthers is described as a musculotendinous band, 
located at variable distances superior to the medial 
epicondyle of the humerus between the medial in-
termuscular septa and the medial head of the triceps 
brachii muscle [5, 8, 16]. The UN then passes poste-
rior to the medial epicondyle of humerus, to enter 
the forearm medial to the olecranon of the ulna [15, 
18]. At this juncture, a tendinous ligamentous arch 
is stated to span between the humeral and ulnar 
heads of flexor carpi ulnaris (FCU) muscle which is 
referred to as the Osborne’s ligament [10, 19]. The 
cubital tunnel is a fibromuscular canal beneath the 
Osborne’s ligament [20]. The Osborne’s ligament 
forms the roof of the canal laterally, and the floor is 
formed by the medial collateral ligament, the joint 
capsule of elbow and olecranon process [19]. This 
tunnel can be divided into three parts: viz. (i) the 
entrance posterior to the medial epicondyle; (ii) the 
fascial aponeurosis joining two heads of the FCU, and 
(iii) at the muscular bellies [22].

The UN slopes postero-medially together with the 
ulnar vessels in the forearm deep to anterior margin 
of FCU and flexor digitorum profundus (FDP), giving 
motor branches to both muscles [21].

Typically, compression of the UN occurs at the 
cubital tunnel; however, the nerve is also vulnerable 
at other sites around the elbow [15, 20]. These sites 
are classified as either pre-cubital, cubital tunnel or 
post-cubital tunnel compression sites [6, 20]. Since, the 
compression sites are variable, anatomical knowledge 
of the relations of the UN is important [4, 15, 20].

Therefore, this study aimed at documenting the 
course of the UN with a focus on the anatomical 
relations within the cubital tunnel.  

MATERIALS AND METHODS
A bilateral dissection of 25 foetal cadavers (n = 50),  

11 females and 14 males between 19 and 36 gesta-
tional weeks, was performed to expose muscles of 
the forearm and reveal the UN in the cubital tunnel, 

in order to document its course and relations. The 
presence of the arcade of Struthers, anconeus epi-
trochlearis muscle, flexor-pronator aponeurosis (FPA), 
Osborne’s ligament, the SUCA, radial artery and ulnar 
artery was also documented together with anatomical 
variations (if present). A morphometric analysis of 
the Osborne’s ligament was performed by measuring 
the distance between the medial epicondyle and the 
lateral border of the olecranon process using a dig-
ital sliding calliper in order to determine the size of 
the cubital tunnel. The foetal cadavers were sourced 
from the Department of Clinical Anatomy at the Uni-
versity of KwaZulu-Natal (Westville Campus). Ethical 
clearance was obtained (BE397/17). Foetuses whose 
forearms were deformed by traumas, malformations, 
scars or any other macroscopic evidence of pathology 
were excluded from this study. The data was captured 
and analysed using the Statistical Package for Social 
Sciences (SPSS version 23.0) software. A p-value of 
less than 0.05 was deemed statistically significant.  

Reliability and validity

Morphometric analysis of the Osborne’s ligaments 
was performed by an inter-observer on 5 random ca-
davers using the sliding digital calliper. The intra-class 
correlation coefficient test was then employed to as-
sess the inter-observer reliability. A 0.989 significance 
for the mean Osborne’s ligament length between 
both observers was found which denotes excellent 
agreement.

RESULTS
The course and relations of the ulnar nerve

The UN passed through the cubital tunnel in 96% 
(48/50) of the specimens, while it was absent in 4% 
(2/50) (Fig. 1). In its course through the cubital tun-
nel, the UN was located deep to the FCU and supe-
ro-lateral to the FDP in 6% (3/50) (Fig. 2). The SUCA 
accompanied the UN into the cubital tunnel in 32% 
(16/50) in at least one side of the present study prior 
to its anastomoses with the ulnar recurrent arteries 
(Figs. 3, 4; Table 1). A statistically significant corre-
lation between the course of the UN and SUCA was 
documented in this study with a p-value of 0.042.

The ulnar artery accompanied the UN as it passes 
through the cubital fossa in 34% (17/50) (Figs. 5, 6). 
In 2% (1/50) of the specimens, the UN was covered 
medially by a common flexor pronator aponeurosis 
(Fig. 7). The radial artery followed the standard an-
atomical course in 92% (46/50) of the specimens; 
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however, it accompanied the UN distal to the cubital 
tunnel in 8% (4/50) (Fig. 8). 

Arcade of Struthers 

All specimens sampled in this study showed that 
the arcade of Struthers was absent. This may be due 
to the developmental stages of foetuses used. 

Osborne’s ligament

The Osborne’s ligament was found in 100% of 
specimens (50/50) (Fig. 9), but varied from a thin 
aponeurotic structure to a thickened fascial band. 
The anconeus epitrochlearis muscle, an analogue to 
the Osborne’s ligament was found in 2% (1/50) of 
the specimens (Fig. 10). The Osborne’s ligament had 
a mean length of 6.32 ± 0.97 and 6.30 ± 1.10 mm 
on the left and right sides, respectively (Table 2). This 
study found no statistically significant relationship 
between the length of Osborne’s ligament and lat-
erality (right: p = 0.55 and left p = 0.65).

Figure 1. The standard description of ulnar nerve (UN) in the cubi-
tal tunnel; FCR — flexor carpi radialis; FCU — flexor carpi ulnaris.

Figure 2. The ulnar nerve (UN) lies deep to the cubital tunnel mus-
cles; FCR — flexor carpi radialis; FCU — flexor carpi ulnaris;  
FDP — flexor digitorum profundus.

Table 1. Presence/absence of the superior ulnar collateral  
artery in relation to laterality (n = 50)

Incidence Percentage

Present on left side only 5 10%

Present on right side only 3 6%

Bilaterally present 8 16%

Bilaterally absent 26 52%

Absent on left side only 5 10%

Absent on right side only 3 6%

Figure 3. The ulnar nerve (UN) in the arm accompanied by the  
superior ulnar collateral artery (SUCA); BB — biceps brachii;  
T — triceps muscle.

Figure 4. The ulnar nerve (UN) in arm without the superior ulnar 
collateral artery (SUCA); BB — biceps brachii; T — triceps muscle.
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Figure 10. The anconeus epitrochlearis (AN) muscle between the 
two heads of the flexor carpi ulnaris (FCU); M — medial epicon-
dyle; O — olecranon process.

Figure 5. The ulnar nerve (UN) in the cubital tunnel and forearm 
accompanied by the ulnar artery (UA); FCR — flexor carpi radials; 
FCU — flexor carpi ulnaris; FDP — flexor digitorum profundus;  
PL — palmaris longus. 

Figure 6. The ulnar nerve (UN) in the cubital tunnel without the 
ulnar artery; FCR — flexor carpi radialis; PL — palmaris longus; 
FCU — flexor carpi ulnaris.

Figure 7. The flexor pronator aponeurosis (FPA) underneath heads 
of flexor carpi ulnaris (FCU); FDP — flexor digitorum profundus;  
OB — Osborne’s band; UN — ulnar nerve; M — medial epicondyle;  
O — olecranon process. 

Figure 8. The ulnar nerve (UN) accompanied by the radial artery (RA); 
FCR — flexor carpi radialis; FCU — flexor carpi ulnaris; FDP  
— flexor digitorum profundus; PL — palmaris longus; UA — ulnar 
artery.

Figure 9. The Osborne’s ligament between the two heads of flexor 
carpi ulnaris (FCU); UN — ulnar nerve; M — medial epicondyle; 
OB — Osborne’s band; O — olecranon process; FCR — flexor 
carpi radialis.
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DISCUSSION 
The course and relations of the ulnar nerve 

This study found that in 96% (48/50) of the spec-
imens, the standard course of the UN was docu-
mented, viz. the nerve crosses the medial collateral 
ligament of the elbow and enters the flexor compart-
ment of the forearm between the two heads of the 
FCU, then travelled distally between the FCU and FDP 
muscles [12, 15, 17]. 

However, the course of the UN can vary. Assmus 
et al. [2] documented the UN in the cubital tunnel 
whereby the nerve had a superficial course, anterior 
to the medial epicondyle but did not penetrate the 
fascia between the FCU muscles. In this study, the 
radial artery accompanied the UN, distal to the cubi-
tal tunnel, from the middle third of the forearm was 
documented as a unique finding.

An elliptically shaped fibrous tunnel formed by 
the flexor pronator aponeurosis was observed (2%); 
however, previous literature indicated the incidence of 
the FPA to range between 43.5% and 100% (Table 3)  
[1, 7, 9, 11, 13, 20]. Siemionow et al. [20] document-
ed that the elliptically shaped tunnel may be a cause 
of UN compression.

Arcade of Struthers 

The arcade of Struthers was observed in previous 
literature [15, 20], however it was not present in the 
specimens used in this study. This could be due to the 

sample size or the use of foetuses instead of adult 
cadavers. Furthermore, Bartels et al. [3] and Caetano 
et al. [5] stated that the occurrence of the arcade of 
Struthers is rare and observed in 0.7% to 2.5% of the 
population. Furthermore, Mizia et al. [16] found that 
the arcade of Struthers is a valid anatomical struc-
ture that is present in most individuals; however, its 
presence is highly variable. 

Osborne’s ligament

An Osborne’s ligament was documented in 100% 
of specimens; however, the ligament varied from  
a very thin aponeurotic structure to a thickened mus-
cle. An anconeus epitrochlearis muscle found in one 
of the specimens, has been described as the cause of 
UN neuritis [14]. The mean length of the Osborne’s 
ligament in this study was 6.32 ± 0.97 mm on the left 
side and 6.30 ± 1.10 mm on the right side (Table 2).  
The length of the Osborne’s ligament differed with 
previous reports such as Gonzalez et al. [9] who found 
its average length as 4.6 mm. Variations in the length 
of the Osborne’s ligament to a previous study can 
be attributed to the fact that previous studies were 
conducted on adult cadavers, while the current study 
was conducted on foetuses.

The SUCA accompanied the UN into the cubi-
tal tunnel in 32% and a significant correlation was 
observed between presence of the superior ulnar 
collateral artery and the course of UN. 

Table 2. Mean length and standard deviations of Osborne’s ligament

Minimum length [mm] Maximum length [mm] Mean length [mm] Standard deviation 

Age [weeks] 19.49 36.93 26.55 3.73

Right Osborne’s ligament 4.64 8.82 6.30 1.09

Left Osborne’s ligament 4.48 8.69 6.32 0.97

Table 3. Descriptions of the flexor-pronator aponeurosis (FPA) in the cadaver studies

Author Year Sample size FPA (present/absent) Length [cm]

Inserra and Spinner [13] 1986 10 Absent 1.5–2.0

Amadio and Beckenbaugh [1] 1986 20 100% 5

Green and Rayan [11] 1999 19 100% 2.9

Gonzalez et al. [9] 2001 38 43.5% 4.2

Degeorges and Masquelet [7] 2002 24 45.8% 6

Siemionow et al. [20] 2007 28 100% 5.6

Present study 2017 50 2% Not measured
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Limitations of the study

The present study only included foetal specimens, 
as there is a shortage of adult cadavers. A further 
study is required to document the histology of the 
Osborne’s ligament as this was not done in this study. 

CONCLUSIONS
The understanding of the anatomy of the UN is 

important for the diagnosis and treatment of conserv-
ative and surgical lesions of the UN in the cubital re-
gion. In this study, the potential sites of UN compres-
sion may be at the cubital tunnel; beneath the FCU; 
FPA (elliptically shaped tunnel) and the Osborne’s 
ligament. Knowledge of the anatomy of the UN in 
the cubital tunnel may be essential to mitigate the 
risk of injury during the now increasingly performed 
endoscopically assisted decompression surgery [2].
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Background: The progress of paediatric surgery and increasingly better diagnosis 
of foetal defects require detailed knowledge of human developmental anatomy. 
Precise knowledge of the anatomy of innervation of the lower extremities corre-
sponds to this subject and is not only cognitive but also clinically important. The 
end of the common fibular nerve is superficially located in the area exposed to 
frequent injuries as well as in the area subject to possible surgical repair procedures. 
Materials and methods: The analysis was carried out on 200 human foetuses 
aged from the 113th day to 222nd day of foetal life. The study material is a part 
of local foetal collection. The study incorporated the following methods: anthro-
pological, preparational and image acquisition which was acquired with the use 
of high-resolution digital camera. Statistical analysis was carried out with the use 
of STATISTICA package.
Results: Based on the research results the new typology of the examined nerve 
was determined. The head of the fibula was the criterion: (i) high division — above 
the head of the fibula (1%); (ii) intermediate division — at the height of the head 
of the fibula (34%); (iii) low division — below the head of the fibula (65%). The 
mathematical analysis did not reveal statistically significant bilateral and gender 
differences. Moreover the additional branch was observed in 30% of foetuses, 
regardless of age class. This branch occurred in 50% of cases in both sides of the 
foetus. This nerve was defined as the accessory fibular nerve (nervous fibularis/
peroneus accessorius).
Conclusions: The created unique typology of the terminal division of common 
fibular nerve is an important supplement to the anatomical knowledge and at the 
same time, due to the peripheral and superficial location of the described structures, 
it has a relatively high clinical significance. (Folia Morphol 2022; 81, 1: 37–43)

Key words: common peroneal nerve, dissection, human foetuses, 
accessory fibular nerve

INTRODUCTION
The common fibular nerve (nervus peroneus com-

munis) is formed as a branch of the sciatic nerve 
(nervus ischiadicus) at thigh level or in the area of 

the popliteal fossa [37, 38]. It runs in the distal and 
lateral direction, towards the head of the fibula. It 
then bends around the fibula neck (collum fibulae) 
and divides into superficial and deep fibular nerves 
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(nervus peroneus superficialis et profundus) within 
the fibularis longus muscle (musculus peroneus lon-
gus) belly [3, 34, 38]. Both nerves, which are branches 
of the common fibular nerve, supply the anterior 
and lateral compartment of the leg and dorsal foot 
structures [7, 8, 38]. Many articles in the scientific 
literature have highlighted diseases and injuries to 
these nerves and their branches. One of the most 
common postoperative complications in the leg area 
is neuroma of the common or superficial fibular nerve 
[4, 6, 22, 32]. Damage to the common fibular nerve 
and its branches as a result of fibula fracture or su-
perficial sports injuries are also frequent [1, 8, 38]. In 
addition, there are often various medical procedures 
carried out in the area near to the nerve trunk, which 
may cause iatrogenic damage to the nerve or its final 
branches [2, 19, 21, 41]. Therefore, it is of anatomical 
and clinical importance to know the variability of the 
final division of the common fibular nerve (FDCFN).

The course, branching pattern, and relationships 
of the common fibular nerve and its terminal branches 
with bony landmarks have been well demonstrated 
in adults by many authors [5, 11, 12, 25, 37, 38]. 
However, no information has yet been identified that 
would indicate a detailed bifurcation topography pat-
tern in the foetus, which may be important in tumour 
surgery and treatment of early deformities [16, 29, 33, 
36]. Therefore, the aim of this study was to develop  
a typology of the FDCFN in relation to the head of the 
fibula based on the available foetal material.

MATERIALS AND METHODS
Preparatory analysis was performed on 200 hu-

man foetuses aged from 113 to 222 days of foetal 
life. Foetal specimens were divided into age classes 
based on lunar months (Table 1).

The analysed foetal material comes from the col-
lection of the Department of Anatomy in Wroclaw, 
Poland. It was obtained from maternity wards of local 
gynaecological clinics as a result of preterm and early 
deliveries and miscarriages between 1960 and 1996. 
The foetuses were stored in a suitable preservative 
solution containing ethanol, glycerol, and formalin 
in constant proportions [18, 31, 42]. Foetuses with 
visible developmental malformations and those that 
did not have complete clinical documentation were 
excluded from the study. The value of the foetal 
collection was confirmed in numerous previously 
published scientific studies [10, 13, 14, 17, 18, 24, 
40]. The scientific experience of the team has been 

confirmed in many works using anatomical scientific 
methodology and anatomical techniques used for 
statistical analysis [9, 15, 27].

The preparation was performed using classical 
preparatory methods. In order to visualise the FDCFN, 
it was necessary to use the binocular surgical micro-
scope Leica Provido (Leica Microsystems, Germany). 

The prepared common fibular nerve and its two 
final branches were described using schematic draw-
ings. In addition, photographs were taken using  
a Sony Alpha (Sony Corporation, Japan) camera and  
a suitable Manfrotto (Manfrotto, Italy) tripod to en-
sure that the angle and height of the lens in relation 
to the foetuses were constant.

Statistical analysis

The mean values and standard deviations ( ± SD),  
minimum and maximum variability range were de-
termined on the basis of the collected research ma-
terial. In order to examine the independence of two 
qualitative features, the c2 independence test was 
applied. All analyses were performed using the STA-
TISTICA 10.0 (TIBCO Software Inc., USA) package. The 
work and whole study protocol was approved by the 
Bioethics Committee No. KB-708/2017

RESULTS
Based on sectional studies, three types of FDCFN 

positions were determined. The head of the fibula 
was the criterion: (i) type A: high division — above 
the head of the fibula (Fig. 1); (ii) type B: intermediate 
division — at the height of the head of the fibula 
(Fig. 2); (iii) type C: low division — below the head 
of the fibula (Fig. 3). Prevalence of individual types 
is shown in Figure 4.

The following concepts have been introduced: 
symmetrical division, which means that in the case of 
both limbs the division of the common fibular nerve 
into terminal branches occurs at the same level; ad-
jacent division, which means that from one extremity 

Table 1. The quantity of examined foetuses in subsequent age 
classes with the gender division

Calendar age [months] N Males Females

4 + 5 69 34 35

6 78 39 39

7 40 18 22

8 + 9 13 8 5
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Figure 1. Type high of the common fibular nerve final division; DFN — deep fibular neve; CFN — common fibular nerve; SFN — superficial 
fibular nerve.

Figure 2. Intermediate type; DFN — deep fibular neve; CFN — common fibular nerve; SFN — superficial fibular nerve; AFN — accessory 
fibular nerve.

Figure 3. Low type; DFN — deep fibular neve; CFN — common fibular nerve; SFN — superficial fibular nerve.
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there is, e.g. high division, and intermediate division 
into the other extremity; and distant division, which 
refers to the extreme opposite position of the final 
nerve division on both limbs of one specimen (Table 2).  
Despite the examples of asymmetry shown (Table 2),  
analysis did not reveal statistically significant dif-
ferences (c2 = 30.67, p = 0.43), which means that 
there are no branch variants observed more frequent-
ly in particular age classes. Additionally, there was 
no asymmetry in the occurrence of FDCFN branches  
(c2 = 6.67, p = 0.15) and no relationship between 

symmetrical/adjacent and distant division and foetal 
sex (Table 3). 

A more detailed evaluation of the data showed 
no statistically significant differences in the right limb 
final division of the common fibular nerve (p = 0.21). 
Similarly, no statistically significant differences were 
found for the left limb (p = 0.06). A schematic draw-
ing was also created for the right and left common 
fibular nerve, illustrating the course of this nerve and 
its division into subsequent branches. 

Along with the superficial and deep fibular 
branches of the common fibular nerve, an additional 
branch was observed in 30% of foetuses, regardless 
of age class. This branch occurred in 50% of cases 
in both sides of the foetus. This nerve was defined 
as the accessory fibular nerve (nervus fibularis/pero-
neus accessorius) in a previous work [12]. Statistical 
analysis did not reveal any bilateral (p = 0.07) or 
dimorphic differences (p = 0.16) in the incidence of 
that additional branch of common fibular nerve in 
human foetuses. 

DISCUSSION
The present work is based on unique material of 

high cognitive value [17, 23]. An important novelty 
of this analysis is the evaluation of variability of the 
FDCFN based on extensive foetal material, which is 
difficult to obtain. The available literature analysing 
the subject area is relatively poor in the case of foetal 

High
1%

Low
65%

Medium
34%

Table 3. The relationship between symmetrical/adjacent and distant division and foetal sex (c2 = 9.45, p = 0.15)

Sex A + B A + C B + A B + B B + C C + B C + C Total

Male 0 1 0 13 16 15 54 99

Female 1 0 1 18 16 25 40 101

Total 1 1 1 31 32 40 94 200

A — high division: above the head of the fibula; B — intermediate division: at the height of the head of the fibula; C — low division: below the head of the fibula; Total — number of  
examined foetuses; the first letter in the first row describes the position of FDCFN on left limb, and the second one — on the right).

Table 2. Frequency of occurrence of particular types of common fibular nerve terminal division (FDCFN) in selected age classes and 
symmetry of occurrence of given types depending on the age class

Month A + B A + C B + A B + B B + C C + B C + C Total

4 + 5 0 0 1 7 11 16 36 69

6 0 1 0 15 15 10 37 78

7 1 0 0 7 5 10 17 40

8 + 9 0 0 0 2 1 4 4 13

Total 1 1 1 31 32 40 94 200

A — high division: above the head of the fibula; B — intermediate division: at the height of the head of the fibula; C — low division: below the head of the fibula; Total — number of  
examined foetuses; the first letter in the first row describes the position of FDCFN on left limb, and the second one — on the right

Figure 4. Percentage of individual types of end division of the  
examined nerve.
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anatomy. It is based on the analysis of a small number 
of cases, without a division into age classes [12, 28]. 

It is worth emphasizing that the variability of the 
fibular nerves arouses great interest in the scientific 
world, as evidenced by numerous anatomical publi-
cations and clinical papers describing the relationship 
between the neurological complications of surgical 
procedures or injuries and the variability of the po-
sition of nerve trunks and branches [1, 4, 6, 22, 32, 
37, 39]. The terminal section of the common fibular 
nerve trunk is particularly vulnerable to injury due 
to its course just above the fibula [1]. Complicated 
fractures or direct-acting other types of injury (blow, 
cut) require the implementation of surgical treatment, 
the success of which depends upon the anatomical 
competence of the performing physician in this area

For this reason, a new typology has been proposed 
to assess the position of FDCFN in relation to the 
fibula head. The head of the fibula is easily palpable 
in a physical examination regardless of age, and can 
also be easily visualised in radiological examinations. 
It therefore seems to be the best reference point for 
the final division nervus peroneus communis.

The proposed typology is partly inspired by a pa-
per published by authors from South Africa, where 
the fibular tubercle was used as a landmark [7]. Inter-
estingly, there is no such a structure in the anatomical 
nomenclature. The authors suspect that the described 
point is an incorrectly defined point fibulare, which 
is an anthropological determinant of the detectable 
fragment of apex capitis fibulae. 

Based on the proposed typology it has been estab-
lished that type 3, i.e. low division of the common fibular 
nerve into end branches, is the most common typology 
present in the population of the examined foetuses.

Very similar characteristics are presented by Turk-
ish researchers [28] who analysed the final division 
of sciatic nerve and common fibular nerve based on  
20 foetuses and showed relatively low nerve division 
in both cases. In the available literature based on adult 
material, the division of common fibular nerve usually 
takes place above the head of the fibula [3, 8, 34].

The presented data support the thesis of a differ-
ent location of bifurcation nervus peroneus communis 
in human foetuses. The cause of this phenomenon has 
not been clearly identified. Kurtoglu et al. [28] sug-
gest that the different location of nervous divisions 
is the result of limb elongation after the end of foetal 
development. This process affects the fascia and can 

thus modify the position of important anatomical 
points such as the final division of the common fibular 
nerve. On the other hand, Kołaczkowski and Stachura 
[26] suggest that the “climbing” of nervous divisions 
may be caused by a process of physical activity that 
significantly modifies the ratio between the length 
of the tendon and the length of the muscle belly by 
shortening the belly and lengthening the tendon, 
which hypothetically is supposed to change the po-
sition of the nervous branches.

Most importantly, this work aimed to demonstrate 
the presence of nervus peroneus superficialis acces-
sorius. The available literature very rarely indicates 
the presence of an additional branch of the common 
fibular nerve [20, 35]. This additional branch occurred 
among as many as 30% of the examined foetuses, of 
which as much as 50% of the cases appeared on both 
sides. Similar observations can be found in a study by 
Domagała et al. [12], who also indicate the presence 
of an additional branch of the common fibular nerve, 
which penetrates the anterior compartment of leg in 
12% of examined foetuses. The authors defined this 
nerve as nervus peroneus accessorius because of its 
origin, which makes it impossible to define this addi-
tional branch as an element originating from nervus 
peroneus superficialis or nervus peroneus profundus. 
The sample was much less numerous, so it is probable 
that this frequency would increase as the size of the 
examined cohort increases. While these branches 
are fascinating for anatomists, they are also of great 
clinical importance. Their unusual localisation may 
lead to unpredictable complications, especially as it is 
likely that, in addition to the sensory fibres, they may 
also conduct motor fibres to musculus peroneus ter-
tius [14] or musculus extensor digitorum brevis [30].
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Background: Sciatic nerve (SN) presents significant variations that pertain to 
its topography and divisions. The topographic variation shows sex effect due to 
differences in the dimension of pelvis that makes for the adaptability of female 
pelvis for pregnancy and childbirth. The objective therefore was to evaluate the 
SN morphology and its topographical variations in relation to landmark structures 
in the pelvis of both sexes. 
Materials and methods: Ninety-eight lower limb adult cadavers, 66 males and 
32 females devoid of any gross pathology from Nigerians were used for the study. 
The cadavers were dissected to expose the SNs and the variations recorded. 
Anthropological measurements were taken and analysed using a Spearman’s 
rank-order correlation model.
Results: The relationships between SN and the piriformis muscle shows five 
varied types with the typical type comprising 83.0%. The largest thickness of SN 
in males and females were 18.5 cm and 17.3 cm, respectively while the smallest 
thickness were 8.6 cm and 11.9 cm, respectively. The dimensions between pos-
terior superior iliac spine and greater trochanter (PSIS-GT) and between lateral 
edges of SN intersection with piriformis to the tip of greater trochanter (LESN-GT) 
shows inverse correlation relationship between the two sexes. In males, there 
was a weak positive correlation (rs = 0.165) between LESN-GT (4.75 ± 1.52)  
and PSIS-GT (15.3 ± 2.90) which was not statistically significant at 0.01 level  
(p = 0.989). In females, the relationship between LESN-GT (6.39 ± 0.59) and 
PSIS-GT (12.2 ± 3.70) shows moderate negative correlation (rs = –0.476) which 
was not statistically significant at 0.01 level (p = 0.195). 
Conclusions: The dimension of LESN-GT which was observed to be longer in 
females was deemed to account for the deviation of sciatic nerve of females from 
the males’ topographic anatomical relations. (Folia Morphol 2022; 81, 1: 44–51)

Key words: sciatic nerve, morphometry, topography, variations

INTRODUCTION
	The word sciatic has Greek origin. Sciatic nerve 

(SN) is unique because it is not only the longest but 
also the thickest nerve in the body [19, 25]. It has an 

extensive origin from lumbosacral plexus formed by 
the ventral rami of L4-S3 spinal nerves in the pelvic 
region. It has two components, the tibia and com-
mon peroneal. The tibia component is formed from 
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the ventral branches of ventral rami of L4-S3 spinal 
nerves, while the common peroneal component is 
formed from the dorsal branches of ventral rami of 
L4-S2 spinal nerves [28]. Usually the nerve enters 
the gluteal region by passing through the greater 
sciatic foramen beneath the piriformis. In the glu-
teal region it lies beneath gluteal maximus muscle 
descending downward between ischial tuberosity 
and greater trochanter of femur to reach the back of 
thigh. More often the nerve terminates by dividing 
into two branches, tibial nerve and common pero-
neal nerve usually at the superior angle of popliteal 
fossa [1, 19]. SN is essentially the nerve supply to the 
muscles of the leg, foot and back of the thigh. It also 
provides cutaneous innervation to nearly the entire 
skin of the leg [25, 28].   

	The understanding of the course of SN is impor-
tant because it presents significant variations that 
pertains to its topography and divisions. More so 
large number of invasive procedures are performed 
in the gluteal region. Therefore, the knowledge of 
the typical and variant anatomical patterns in relation 
to landmark structures is crucial to avoid accidental 
iatrogenic injuries during surgical procedures. Piri-
formis is a key muscle of the gluteal region that has 
remarkable landmark relations with SN [17]. The high 
bifurcation of SN in the pelvis with the varied exit of 
its component parts through greater sciatic notch in 
relation to piriformis might lead to the compression 
of the nerve or nerves which could also result to 
piriformis syndrome [2]. There are reports on varied 
anatomical relations with piriformis where the undi-
vided nerve may emerge above or through the muscle 
while other variables include the division of the nerve 
which may lie above or partly demarcated by the mus-
cle [3, 4, 18]. These variable relationships different 
from what is considered the normal with piriformis 
have been suggested to increase the chances of the 
nerve entrapment at the location [15].

	At the lower part of gluteal region, the land 
mark structures of SN are the ischial tuberosity and 
greater trochanter of femur where the nerve location 
corresponds to a line drawn slightly medial to the 
midpoint between ischial tuberosity and the greater 
trochanter to the apex of popliteal fossa. In between 
the two bony tuberosities the nerve crosses posterior 
to obturator internus, gameli and quadratus femo-
ris muscles that form its muscular bed [5]. The SN 
descends to the back of thigh and it is commonly 
reported to bifurcate into tibial and common peroneal 

nerves at the superior angle of popliteal fossa [25]. Its 
bifurcation, however, has shown wide topographic 
variations [20, 27, 28]. 

This study was designed to evaluate the sciatic 
nerve morphology and its topographical variations in 
relation to landmark structures in the pelvis of both 
sexes in adults with the view to establishing sexual 
differences in its orientation.

MATERIALS AND METHODS
	Ninety-eight lower limb adult cadavers, 66 males 

and 32 females devoid of any gross pathology were 
used for the study. The cadavers were formalin-fixed 
in the Anatomy Department of three Medical Schools 
in Nigeria. The fixation was carried out by pouring the 
prepared formalin solution into the embalming pres-
sure cylinder fitted with a pipe with a pair of cannulas 
attached to its end. Each of the cadavers was trans-
fused with formalin solution through the femoral 
artery. Some quantity was also conveyed through the 
carotid artery for the brain tissues to be adequately 
fixed. After the embalmment, the cadavers were kept 
in the storage tanks containing formalin solution for 
3 weeks before the dissections. The gluteus maximus 
was cut midway with each half reflected medially and 
laterally to expose the underlying sciatic nerve par-
tially covered at the lower part of gluteal region. The 
biceps femoris was also cut and retracted to expose 
the nerve at the upper part of the thigh. The fatty 
and connective tissues were removed for the nerve 
to be fully appreciated. SN was followed down to its 
point of bifurcation. The emergence of the nerve from 
the greater sciatic foramen and its relations to the 
piriformis was recorded. Also images of anatomical 
variations of SN were captured with digital camera 
and documented. Illustrations were also made to 
further elucidate the variations. The measurements 
presented in Table 1 were made in accordance with 
established guidelines [14] with modifications using 
digital calliper and stainless meter rule.

Statistical analysis

The data collected was analysed using STATA soft-
ware version 14.0. A Spearman’s rank-order correla-
tion model was used in assessing the statistical sig-
nificance of associations at 0.05 and 0.01 confidence 
levels. The rationale for correlation coefficient analyt-
ical model in this study was to ascertain parameters 
positively and negatively correlated with connection 
to sexual dimorphism of adult human pelvis.



46

Folia Morphol., 2022, Vol. 81, No. 1

RESULTS
A total of five varied types of SN relationships with 

piriformis was observed in this study. The summary 
is shown in Table 2. Type A is the most frequently 
occurring and it is the typical type. Besides type A, 
four variable types were observed. The total number 
of the variable types were not significant compared 
to the typical type (type A).

In Figure 1A, SN gains access into the gluteal 
region beneath the lower border of piriformis as an 
undivided nerve which was the most common type 
showing a prevalence of 81 (83.0%). In males the in-
cidence was 54 (55.1%) while in females, 27 (27.6%). 
Figure 1B shows a bifurcated nerve entering the glu-
teal region comprising 7 (7.1%) cases. In males the 
occurrence was 5 (5.1%) and in females, 2 (2.0%). This 
variation shows the common peroneal nerve piercing 
the piriformis while the tibial nerve emerging at the 

lower border of piriformis with both uniting inferiorly. 
Figure 1C was observed in 2 (2.0%) cases all in males. 
The pattern shows two divisions from sacral plexus 
emerging above and below the piriformis muscle 
respectively in the gluteal region which united into 
a common trunk at the inferior part of the muscle. In 
Figure 1D, the bifurcated nerves separately entered 
the gluteal region below the piriformis muscle and 
continuing separately throughout their course. This 
variation comprises 6 (6.0%) cases. In males it had in-
cidence of 4 (4.1%) whereas in females the incidence 
was 2 (2.0%). Figure 1E shows a bifurcated nerve 
with the common peroneal component piercing the 
piriformis while the tibial component emerging at 
the lower border of the piriformis muscle with both 
continuing separately throughout their course. The 
variation had a prevalence of 2 (2.0%) cases with one 
(1.0%) each in male and female respectively. Apart 
from the pictures, the five varied types were also 
illustrated as depicted in Figure 2A–E.

The statistical data in Tables 3 and 4 did not vary 
markedly in their mean probably because most of 
the parameters considered were not affected by 
the anomalous types or due to their insignificant 
number. Further analysis on the data was conducted 
to identify the parameters positively and negatively 
correlated with connection to sexual dimorphism 
of human pelvis.

A Spearman’s rank-order correlation was run to 
determine the relationship between WSN-LMP in 
males and in females respectively (Table 5). There was 
a moderate, positive correlation between WSN-LMP 
in males and in females which was not statistically 
significant rs = –0.465, p = 0.052.

Table 6 presents a Spearman’s correlation that was 
run to assess the relationship between LESN-GT and 

Table 1. Measured parameters

S/N Measured parameters Abbreviations

1 The width of sciatic nerve at the lower 
margin of the piriformis

WSN-LMP

2 The width of sciatic nerve at the level  
of lesser trochanter

WSN-LLT

3 The vertical distance between medial 
edge of sciatic nerve intersection with 
piriformis to ischial tuberosity

MESN-IT

4 The vertical distance between lateral 
edge of sciatic nerve intersection 
with piriformis to the tip of greater 
trochanter 

LESN-GT

5 The length of sciatic nerve from the  
lower edge of piriformis to the point  
of its bifurcation 

LSNLP-SNB

6 The width of common peroneal nerve 
at sciatic nerve bifurcation 

WCP-SNB

7 The width of tibia nerve at sciatic nerve 
bifurcation

WTN-SNB

8 The vertical distance between the 
lateral edge of sciatic nerve intersection 
with piriformis to the posterior superior 
iliac spine 

LSN-PPSS

9 The thigh length from the tip of greater 
trochanter to knee joint fusion

TL

10 Distance between apex of ischial  
tuberosity and greater trochanter

IT-GT

11 Distance between posterior superior  
iliac spine and greater trochanter

PSIS-GT

12 Distance between posterior superior  
iliac spine and ischial tuberosity 

PSIS-IT

13 Length of the lower extremity LLE

S/N — serial number

Table 2. Relationship between sciatic nerve and the piriformis

Types Description Percentage 
proportion

A Sciatic nerve emerging below piriformis 
(common type)

83.0% (81)

B Sciatic nerve divisions passing through 
and below piriformis uniting inferior

7.1% (7)

C Sciatic nerve divisions emerging above 
and below piriformis uniting inferior

2.0% (2)

D Two sciatic nerve divisions emerging  
below piriformis not uniting inferior

6.0% (6)

E Sciatic nerve divisions passing through 
and below piriformis not uniting inferior

2.0% (2)
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IT-GT in the examined male and female cadavers. In 
the males, there was a very weak positive correlation 
(rs = 0.005) between LESN-GT and IT-GT. However, 
there was no statistically significant correlation be-
tween them at 0.01 level (p = 0.989). In females, 
the relationship between LESN-GT and IT-GT shows 
moderate positive correlation (rs = 0.399) which was 
not statistically significant at 0.01 level (p = 0.302).

Spearman’s correlation was run to assess the re-
lationship between LESN-GT and PSIS-GT in male and 
female cadavers as presented in Table 7. In males, 
there was a weak positive correlation (rs = 0.165) 
between LESN-GT and PSIS-GT which was not sta-
tistically significant at 0.01 level (p = 0.989). In fe-
males, the relationship between LESN-GT and PSIS-GT 
shows moderate negative correlation (rs = –0.476) 

which was not statistically significant at 0.01 level  
(p = 0.195).

DISCUSSION
	Sciatic nerve shows substantial variations with 

landmark structures in the gluteal region. Different 
population studies have highlighted some of these 
variations most of which are variations in relation with 
piriformis [12, 23, 24]. The major interest with the 
variations is because of the clinical event associated 
with the abnormalities. More often, variation in the 
exit of SN in relation to piriformis may cause its com-
pression resulting to piriformis syndrome [11, 12]. The 
variable relations of SN to piriformis was also noted 
as the probable cause of nondiscogenic sciatica and 
other pain aetiologies [31]. Variations such as high 

Figure 1. A–E. Variations in sciatic nerve (SN) divisions into tibial nerve (TN) and common peroneal nerve (CPN); A. SN passes beneath the 
lower border of piriformis into the gluteal region as an undivided nerve; B. CPN entered gluteal region by piercing the piriformis while the TN 
emerged at the lower border of piriformis with both uniting inferiorly; C. CPN entered the gluteal region above the piriformis while TN emerged 
below the piriformis into gluteal region with both uniting inferiorly; D. CPN and TN separately entered the gluteal region below the piriformis 
muscle and continuing separately throughout their course; E. CPN pierced the piriformis while the TN emerged at the lower border of piri-
formis with both continuing separately throughout their course; CP — common peroneal (nerve); P — Piriformis; T — Tibia (nerve).

Figures 2. A–E. Illustration on the variations in sciatic nerve (SN) into tibial nerve and common peroneal nerve; CP — common peroneal 
(nerve); P — Piriformis; T — Tibia (nerve).

A

A B C D E

B C D E
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division of SN can lead to nerve injury during deep 
intramuscular injections. It is also the major factor re-
sponsible for the failure of SN block when performing 
popliteal block anaesthesia [1]. Nonetheless, each of 
the anatomical variations may reflect a different and 
specific clinical presentation. In this study, five types 
of relationship of SN with piriformis was recorded. 
The typical type (type A) shows very high prevalence 
constituting 83% of the population examined. Other 
population reports corroborated with similar high fre-
quency [1, 5, 21]. In the other observed variable types, 
SN exhibited high bifurcation with its component 
parts having varied relations with piriformis muscle. 
However, they constituted a small fraction of the over-

all number examined. They formed 17% cumulative 
of the entire population. None of the unusual types 
was unique compared to other population studies. 
The most prevalent of the variations was type B. The 
high prevalence shows consistency with the report 
of many population studies [2, 21, 22, 26]. Type C 
and type E were the least occurring variables, each 
accounting for 2% of cases. Type C was also shown as 
least frequently occurring in many population studies 
[1, 21, 30]. It is pertinent to establish the prevalence 
rate of SN variable types because more often they 
lead to inadvertent injury during surgical procedures 
in the gluteal region. Besides they are often exposed 
to compression resulting to ‘piriformis syndrome’.

Table 3. Basic descriptive statistics for the analysed variables in males

N Abbreviations Mean [cm] Median [cm] Maximum [cm] Minimum [cm] Standard deviation [cm]

1 WSN-LMP 15.20 13.55 18.50 8.60 ± 2.93

2 WSN-LLT 13.32 13.10 18.10 8.09 ± 3.07

3 MESN-IT 4.55 4.33 6.60 2.06 ± 1.18

4 LESN-GT 4.75 5.15 7.00 2.50 ± 1.52

5 LSNLP-SNB 37.58 35.50 44.00 27.00 ± 5.26

6 WCP-SNB 3.69 3.67 5.08 2.25 ± 0.86

7 WTN-SNB 6.42 6.58 8.66 4.50 ± 1.49

8 LSN-PPSS 7.15 7.25 9.00 5.50 ± 1.22

9 TL 39.72 37.50 45.00 30.00 ± 3.11

10 IT-GT 6.50 7.00 7.50 5.00 ± 0.60

11 PSIS-GT 15.30 14.00 16.50 12.50 ± 2.90

12 PSIS-IT 28.20 12.00 14.50 10.00 ± 2.73

13 LLE 82.72 82.00 93.00 70.00 ± 3.20

Table 4. Basic descriptive statistics for the analysed variables in females

N Abbreviations Mean [cm] Median [cm] Maximum [cm] Minimum [cm] Standard deviation [cm]

1 WSN-LMP 14.05 14.60 17.30 11.90 ± 1.60

2 WSN-LLT 9.88 11.38 16.40 6.36 ± 3.64

3 MESN-IT 5.48 5.45 5.90 5.00 ± 0.32

4 LESN-GT 6.39 6.60 7.70 5.50 ± 0.59

5 LSNLP-SNB 31.50 32.75 38.50 27.00 ± 3.37

6 WCP-SNB 3.12 2.66 3.59 1.72 ± 0.54

7 WTN-SNB 4.78 5.63 7.07 4.19 ± 0.84

8 LSN-PPSS 6.91 7.30 8.50 6.10 ± 0.78

9 TL 34.52 35.00 39.00 31.00 ± 2.50

10 IT-GT 11.10 11.00 7.00 6.00 ± 0.30

11 PSIS-GT 12.20 12.00 15.00 10.00 ± 3.70

12 PSIS-IT 11.10 11.00 14.00 10.00 ± 1.90

13 LLE 72.10 70.00 80.00 65.00 ± 4.10
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It is observed that limited number of articles centred 
on the morphometric analysis of SN structure as well 
as its relations with some landmark structures [13, 32].  
Its morphometric studies that relates to sex dimension 
began to emerge just in the recent past [10, 14, 16]. 
There has been an increase in curiosity due to diversity 
in topographic anatomical relations of the nerve in 
the females which is of clinical concern.

The width of SN that was assessed at the lower 
margin of piriformis muscle shows values that did not 
vary markedly between the two sexes. In both legs of 
each specimen, the values were not varied; however, 
it only applied to cases where the nerve emerges as 
a single trunk beneath the lower border of piriformis 
muscle. Nonetheless, a population study in Brazil has 

documented a significant difference in the width size 
of SN between both legs of the same spacemen [6].  
In a correlation coefficient analysis between the two 
sexes, a moderate, positive correlation was observed 
between WSN-LMP in males and in females. The anal-
ysis was indicative that sex variation showed cumula-
tively very little differential in the nerve width of the 
two sexes. The sizes of WSN-LMP and WSN-LLT in each 
specimen varied considerably with WSN-LLT showing 
reduction in size that was more remarkable in females.

The relationship of SN with piriformis muscle and 
also with selected bony landmarks in the pelvis was 
examined in both sexes. In typical anatomical rela-
tions between SN and piriformis and selected bony 
landmarks, certain regularities can be established in 

Table 5. Correlation between width of sciatic nerve at the lower margin of the piriformis (WSN-LMP) in males and in female cadavers. 
Correlation is significant at the 0.01 level (2-tailed)

Spearman’s rho WSN-LMP — male WSN-LMP — female

WSN-LMP — male Correlation coefficient
Sig. (2-tailed)
N

1.000
–
60

–0.465
0.052

30

WSN-LMP — female Correlation coefficient
Sig. (2-tailed)
N

–0.465
0.052

60

1.000
–
30

Table 6. Correlation between the vertical distance between lateral edge of sciatic nerve intersection with piriformis to the tip of  
greater trochanter (LESN-GT) and distance between apex of ischial tuberosity and greater trochanter (IT-GT); in male and female  
cadavers. Correlation is significant at the 0.01 level (2-tailed)

Spearman’s rho LESN-GT IT-GT

Male Female Male Female

LESN-GT Correlation coefficient
Sig. (2-tailed)
N

1.000
–
66

1.000
–
32

0.005
0.989

66

0.388
0.302

32

IT-GT Correlation coefficient
Sig. (2-tailed)
N

0.005
0.989

66

0.388
0.302

32

1.000
–
66

1.000
–
32

Table 7. Correlation between the vertical distance between lateral edge of sciatic nerve intersection with piriformis to the tip of 
greater trochanter (LESN-GT) and Distance between posterior superior iliac spine and greater trochanter (PSIS-GT) in male female 
cadavers. Correlation is significant at the 0.01 level (2-tailed)

Spearman’s rho LESN-GT PSIS-GT

Male Female Male Female

LESN-GT Correlation coefficient
Sig. (2-tailed)
N

1.000
–
66

1.000
–
32

0.165
0.628

66

–0.476
0.195

32

PSIS-GT Correlation coefficient
Sig. (2-tailed)
N

0.165
0.628

66

–0.476
0.195

32

1.000
–
66

1.000
–
32
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the two sexes. The relationship between LESN-GT 
and IT-GT in both sexes shows positive correlation 
nonetheless in males it exhibited weak correlation 
(rs = 0.005) whereas in females it was moderately 
correlated (rs = 0.399). 

	The female’s pelvis serves multiple roles that in-
clude providing support, locomotion, childbirth, etc. 
[10]. The adaptability to these multiple roles is respon-
sible for its sexual dimorphism. Pelvis dimorphism has 
been used variably for sex determination in various 
anthropological contexts [7, 29]. The path of SN has 
been described in relation to ischial tuberosity (IT), 
greater trochanter (GT) and PSIS [8, 27]. The infor-
mation provided was a clear guide in this contextual 
view of SN topography in the two sexes. It is noted in 
a recent study that the sexual differences in distances 
and angulation between clinically relevant pelvis and 
hip bone landmark show that only the angle at PSIS 
and GT are significantly larger in males [32]. Husey-
nov et al. [16] had earlier reported that the obstetric 
adaptation of female pelvis makes for wider pelvic 
cavity influenced by hormonal changes at puberty. 
Apparently, the sexual dimorphism is viewed as the 
major factor responsible for topographic variation 
of SN in females. Pregnancy also constitutes a key 
consideration in this regard which, however, borders 
outside this investigation. In this study, however, the 
angulation between LESN-GT and PSIS-GT were as-
certained and analysed. The analysis of relationship 
between LESN-GT and PSIS-GT in male cadavers shows 
weak positive correlation (rs = 0.165). However, in fe-
males the relationship between LESN-GT and PSIS-GT 
exhibited moderate negative correlation (rs = –0.476). 
Between the two sexes the correlation analysis in-
dicated inverse relationship between LESN-GT and 
PSIS-GT in males and in females. The negative correla-
tion of LESN-GT and PSIS-GT recorded in females has  
a strong bearing to obstetric adaptation of pelvis for 
child birth. The result of the morphometric analysis 
buttresses orientation alteration of ileum in females in 
which there is a considerable reduction in angulation 
between PSIS and GT. Based on this study findings, the 
authors strongly agree with the report that the angle 
at PSIS and GT are significantly larger in males [9].  
However, the remark [9] that there are no sex dif-
ferences in the orientation of the ileum is not in 
tandem with our findings. The dimension of LESN-GT 
in both sexes show considerable variations. LESN-GT 
is longer (significantly) in females than in males thus 
accounting in part to SN varied topographic relations 

and to a larger extent deemed to be responsible for 
inverse correlation between LESN-GT and PSIS-GT 
in the two sexes. The considerable deviation of SN 
of females from the males’ topographic anatomical 
relations is of clinical concern because of the sexual 
dimorphism of the pelvis. The implications in females 
include greater risk of SN injury during intramuscular 
injections and during invasive medical procedures at 
the gluteal region [9, 14].  

CONCLUSIONS
	The morphometric analysis of the anatomical 

relationships between SN and the landmark structures 
of the hip bone shows variations due to the sexual 
differences in the dimension of the pelvis. The devi-
ation of SN of females from the males’ topographic 
anatomical relations is of clinical concern requiring 
for diligence during surgical procedures in the gluteal 
region to avoid damage to the nerve.
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Background: Glaucoma is a group of eye diseases that can cause vision loss. 
Prostaglandin analogues (PGAs) are known to be first-line treatment for patients 
with glaucoma. Latanoprost is a good, efficient and well-tolerated PGA that is 
currently available as latanoprost with benzalkonium chloride (BAC) (Xalatan) and 
preservative-free (PF) prostaglandin analogue latanoprost (Monopost). Lately, using 
PF anti-glaucoma agents has been considered an essential procedure for enhancing 
glaucoma care. This study aimed to analyse the histological changes within the 
corneal tissue with the use of currently available preserved prostaglandins-derived 
eye drops and PF prostaglandin analogue. 
Materials and methods: In this study, 40 male guinea pigs were divided into 
four equal groups. Control group, Latanoprost with 0.02% BAC-treated group, 
Recovery group and PF latanoprost-treated group. After 2 months, the corneal 
tissues of guinea pigs were prepared for light and electron microscopic studies; 
morphometric and statistical studies were performed. 
Results: Our results indicated that guinea pigs treated with latanoprost with BAC 
exhibited ocular surface changes: there was epithelial thinning with desquamation, 
the stroma showed irregularly arranged collagen fibres and small keratocytes. 
Morphometrically, there was a marked decrease in the thickness of epithelium 
and number of keratocytes. Negative periodic acid Schiff (PAS) reaction was ob-
served in some parts of the epithelial basement membrane. The epithelium gave 
a strong positive immunoreactivity for Bcl-2-associated X protein (BAX). Guinea 
pigs left to recover exhibited improvement, while treatment of animals with PF 
latanoprost resulted in nearly normal corneal structure. 
Conclusions: In conclusion, PF prostaglandin anti-glaucoma medication seems to 
be better and have protective effect  on cornea of male guinea pigs than prosta-
glandins with BAC preservative. (Folia Morphol 2022; 81, 1: 52–64)

Key words: glaucoma, cornea, guinea pigs, prostaglandins analogues, 
periodic acid Schiff (PAS), Bcl-2-associated X protein (BAX)
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INTRODUCTION
Glaucoma is an optic neuropathy that is con-

sidered the main cause of blindness in the world, 
affecting approximately 67 million people worldwide 
[6, 30]. Glaucoma often occurs due to elevated in-
traocular pressure (IOP) that leads to damage of the 
optic nerve which can progress to irreversible vision 
loss, when left without treatment [36].

Intraocular pressure is an essential risk factor and 
is the main aim for the currently approved glaucoma 
treatment through the use of topical ocular hypoten-
sive drops [21] that should be taken through life to 
inhibit or stop loss of retinal ganglion cells and visual 
impairment [31].

Prostaglandin analogues (PGAs) are one of the 
most important drugs utilised for ocular hypertension 
and glaucoma treatment [26]. These compounds are 
known to be highly effective in decreasing IOP [19].

Uzunel [39] reported that PGAs stimulated drain-
age of aqueous humour through the uveo-scleral out-
flow pathway and facilitated the trabecular outflow 
resulting in reducing IOP. Five different prostaglandins 
(PGs) are known to be used for treatment of glau-
coma, namely, isopropyl unoprostone, latanoprost, 
travoprost, bimatoprost, and tafluprost [16].

Long-term local treatment with these anti-glau-
coma drugs is always associated with ocular surface 
disease such eye colour change, darkening of eyelid 
skin, droopy eyelids, sunken eyes, eye redness, and 
itching [32].

Kim et al. [16] referred these side effects to the 
components of these topical hypotensive drops such 
as benzalkonium chloride (BAC) preservative. BAC is 
the most commonly applied preservative in eye drops 
having highly effective anti-microbial features. It is  
a quaternary ammonium salt, a cationic surfactant 
and tension-active compound. It breaks up the lipid 
layer of tear film and cell membranes of corneal sur-
face. BAC acts also by denaturing proteins and dis-
rupting the cell membrane, thus improving the active 
compounds penetration; so, it could be employed as  
a penetration enhancer [2, 25]. It has the advantage 
of being relatively well tolerated with few allergic side 
effects [6]. Having very slow turnover, BAC remains 
within the ocular tissues after a single drop adminis-
tration about 48 hours [16].

BAC side effects seemed to be time- and dose-de-
pendent, rising with larger amounts utilised over 
prolonged periods [22, 42]. With rising attention to 
the ocular surface side effects of this preservative, 

other types of preservatives-containing PGs and new 
preservative-free (PF) PGs have been advanced [38].

So, this current study was designed to analyse the 
histological alterations within the corneal tissue 
with the use of currently available (PGs)-derived 
eye drops, namely latanoprost with BAC (Xala-
tan) and PF PGA latanoprost (Monopost), in male 
guinea pigs.

MATERIALS AND METHODS
Animals and experimental protocol

The present experimental study was conducted 
at Research Centre in Menoufia University, Egypt. 
Study protocol was reviewed and observed via the 
Animal Ethics Committee of the Research Laborato-
ry of Experimental Animals at Faculty of Medicine, 
Menoufia University, Egypt. Forty male adult guinea 
pigs, weighting 400–450 g were employed in the 
current work. They were kept in cages at room tem-
perature. The water and food were available. Strict 
hygiene was followed to keep a healthy medium for 
the guinea pigs.

Animal groups

The animals were distributed randomly into four 
groups, each included 10 guinea pigs:

—— group I (Control group): the guinea pigs were 
left without treatment during the experimental 
period;

—— group II (Latanoprost with BAC treated group): 
they were treated topically with latanoprost pre-
served with 0.02% benzalkonium chloride (0.005% 
Xalatan 125 µg/2.5 mL, Pfizer, New York, USA);

—— group III (Recovery group): they were treated as 
group II and left for 2 weeks without treatment 
for recovery;

—— group IV (PF latanoprost-treated group): the guin-
ea pigs in this group were treated topically with 
preservative free latanoprost (Monopost 50 µg/mL,  
Thea Pharmaceuticals Ltd., UK).
All guinea pigs received treatment as a single 

eye drop (1.5 µg latanoprost) in both eyes daily for 
2 months [14].

At the assigned time of scarification for each 
group, cardiac perfusion was done under anaesthesia 
using sodium pentobarbital, 40 mg/kg by intraperito-
neal injection [15]. From each animal, both eyeballs 
were enucleated rapidly and the corneal tissues were 
prepared for light and transmission electron micro-
scopic studies.
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Light microscopic study

From each animal, the right eye ball was fixed 
in 10% formaldehyde solution and processed for 
paraffin sections of about 7 μm thick. Sections were 
obtained and stained with haematoxylin and eo-
sin (H&E) to demonstrate the histological details 
and Mallory’s trichrome stain to detect the colla-
gen fibres [3]. For histochemical study, the corneal 
sections were processed to be stained by period-
ic acid Schiff (PAS) reaction for determination of 
carbohydrate (epithelial basement membrane) [3]. 
For immunohistochemical study, Bcl-2-associated 
X protein (BAX) immune-staining was carried out 
(a marker of apoptosis), paraffin sections were put 
within monoclonal BAX antibody (Ab-14 Golden, 
Lab Vision Clone B-9; Santa Cruz Biotechnology Inc., 
USA). Negative control sections were processed by 
replacing the primary antibody with buffer alone. 
Hodgkin’s lymphoma was used as a positive control. 
Brown cytoplasmic staining was scored as a positive 
reaction. Counterstaining was performed by using 
Meyer’s haematoxylin [29].

Transmission electron microscopic study

The cornea of the left eye was dissected. Small 
corneal specimens were obtained and rapidly fixed 
in 3% glutaraldehyde with 0.1 M phosphate buffer at 
pH 7.4, and then, processed for examination, using 
a Jeol electron microscope (Seo-Russia) in Tanta E.M. 
Centre at Faculty of Medicine, Tanta University [12].

Morphometric study and statistical analysis

From each animal in all groups, the cornea was 
examined under light microscope using objective 
lens ×40. Thickness of corneal epithelium in µm and 
keratocytes number was measured in 10 high power 
fields in each specimen.

The morphometric results were analysed and 
compared by Student’s t-test. P-value was utilised 
to estimate the significant change in each parameter 
in the experimental animals in comparison with the 
control group. Then, the data were tabulated as mean 
± standard deviation and then, analysed utilising 
statistical package for the Social Science Software 
(SPSS). P value was set at 0.05; p > 0.05 was consid-
ered non-significant, p value < 0.05 was considered 
significant and p value < 0.001 was considered highly 
significant [28].

RESULTS
Effects of preservative-free and preserved 
prostaglandin analogues on corneal morphology

Seven μm paraffin corneal sections stained with 
H&E of the different experimental groups to analyse 
the histological alterations with the use of latano-
prost with BAC (Xalatan) and PF PGA latanoprost 
(Monopost) in male guinea pigs was done. Group I  
(Control group) showed well defined corneal lay-
ers, these were: the outer epithelium, Bowman’s 
membrane, stroma, Descemet’s membrane and inner 
endothelium. The corneal epithelium was stratified 
squamous non-keratinised epithelium with smooth 
upper surface. It consisted of basal layer of single co-
lumnar cells with basal oval nuclei, intermediate layer 
consisting of polyhedral cells with central rounded 
nuclei arranged in 2 to 3 rows and superficial layer 
consisting of one to two rows of flattened squamous 
cells with flat nuclei. Under the epithelium, an acido-
philic homogenous membrane appeared, Bowman’s 
membrane. The stroma constituting the most corneal 
thickness was formed of bundles of collagen fibres 
which were arranged regularly and keratocytes ap-
peared as flat cells with flattened nuclei, scattered 
between collagen fibres (Fig. 1A). While, the corneal 
sections from group II (Latanoprost with BAC treated 
group) exhibited epithelial thinning with flat nuclei 
(Fig. 1B). The thickness of corneal epithelium showed 
a highly significant decrease as compared with control 
group (p < 0.001) (Table 1, Fig. 3A). Some surface 
epithelial cells were exfoliated and desquamated and 
other epithelial cells exhibited vacuolated cytoplasm 
and their nuclei revealed variable degrees of degen-
eration, karyolysis and pyknosis (Fig. 1C). The stroma 
demonstrated irregularly arranged collagen fibres 
which were separated by wide spaces (Figs. 1B, C) 
and small dark keratocytes were seen (Fig. 1C). The 
mean number of keratocytes was highly significant-
ly decreased in comparison with the control group  
(p < 0.001) (Table 1, Fig. 3B). Cellular infiltration, ne-
ovascularisation (Fig. 2B) and congested blood vessels 
(Fig. 1C) were also observed in the stroma. Group III 
(Recovery group) revealed less degenerative changes 
in the form of slight superficial epithelial cells des-
quamation and corrugated basement membrane. The 
stroma consisted of collagen bundles arranged regu-
larly and spindle-shaped keratocytes with pale nuclei 
in between. Some keratocytes appeared small in size 
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with condensed nuclei (Fig. 1D). The corneal epithe-
lial thickness and the mean number of keratocytes 
were improved compared with group II (p < 0.05)  
(Table 1, Fig. 3A, B). Group IV (PF latanoprost treated 

group) revealed better corneal structure that ap-
peared almost similar to that of the control group 
(Fig. 1E). There was a nonsignificant difference  
(p > 0.05) in corneal epithelial thickness and the 

Figure 1. Photomicrographs of haematoxylin and eosin (H&E) stained corneal sections of the different experimental groups; A. Control group: 
illustrating non-keratinized stratified squamous epithelium (E) resting on clear basement membrane (blue arrow) and consists of basal layer of co-
lumnar cells (C) with basal oval nuclei, intermediate layers of polyhedral cells (P) with central rounded nuclei and superficial layer of flattened cells 
(A) with flat nuclei. The Bowman’s membrane (black arrow) appears as an acidophilic homogenous layer under the epithelium. The stroma (SM) 
consists of collagen fibres arranged regularly with spindle-shaped keratocytes with flat nuclei (red arrows) in-between; B. Group II: illustrating all 
epithelial layers (E) appear with flattened nuclei (black arrow). The stroma shows irregularly arranged collagen fibres (blue arrow) and neovascu-
larisation (red arrows). Notice, cellular infiltration (I) within the stroma; C. Group II: illustrating desquamation of the superficial epithelium (star) 
is observed, the epithelial cells appear with vacuolated cytoplasm (V) and their nuclei show variable degrees of degeneration, karyolysis (red 
arrows) and pyknosis (blue arrows). The stroma shows wide spaces (S) in between collagen fibres, congested blood vessels (BV) and small dark 
keratocytes (arrow heads). Notice, discontinuation of basement membrane (double arrow); D. Group III: illustrating stratified squamous non-kera-
tinised epithelium (E) resting on corrugated basement membrane (blue arrow). The superficial cells appear with slight desquamation (star). The 
stroma is formed of parallel arranged collagen fibres (F) with spindle shaped keratocytes with pale nuclei in between (arrow head). Notice, some 
keratocytes appear small with condensed nuclei (red nuclei); E. Group IV: illustrating preserved corneal epithelium (E). The stroma appears with 
regularly arranged collagen fibres (F) with keratocytes (arrows) in between. H&E ×400.

A B

C D

E

Table 1. Comparison between control group and other studied groups

Group I Group II Group III Group IV P value

Corneal epithelial thickness 41.1 ± 1.2 38.4 ± 3.8 26.1 ± 1.2 41.2 ± 1.2 P1 = 0.000
P2 = 0.010
P3 = 0.713
P4 = 0.000

Number of keratocytes 23.7 ± 0.6 20.9 ± 5.2 16.5 ± 2.5 24.3 ± 1.7 P1 = 0.000
P2 = 0.022
P3 = 0.157
P4 = 0.000

P1 — comparison was done between group 1 (Control group) and group II (Latanoprost with BAC-treated group); P2 — comparison was done between group I (Control group) and  
group III (Recovery group); P3 — comparison was done between group I (Control group) and group IV (PF latanoprost-treated group); P4 — comparison was done between group IV  
(PF latanoprost group) and group II (Latanoprost with BAC-treated group); p < 0.001 was considered highly significant; p < 0.05 was considered significant; p > 0.05 was considered  
non-significant
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Figure 2. Photomicrographs of haematoxylin and eosin (H&E) stained corneal sections of the different experimental groups; A. Control group: 
illustrating the posterior aspect of the cornea Descemet’s membrane (blue arrow) appears as a homogenous acellular membrane and lined 
by a single layer of endothelial cells with flat nuclei (red arrow); B. Group II: illustrating apparently few endothelial cells with small pyknot-
ic nuclei (blue arrow). The stroma appears with irregularly arranged collagen fibres (red arrows) with wide spaces in between (S). Small 
keratocytes (arrow heads) with dark nuclei are observed. Note, appearance of neovascularisation (black arrows) in the stroma; C. Group III: 
illustrating some endothelial cells (arrows) separated from the Descemet’s membrane. Notice, some small-sized keratocytes (arrow heads) 
with condensed nuclei in the stroma; D. Group IV: illustrating Descemet’s membrane (blue arrow) which appears as a homogenous acellular 
membrane and lined by a single layer of endothelial cells (red arrow). Notice, normal appearance of stroma (SM). H&E ×400.

Figure 3. A histogram showing mean values of the corneal  
epithelial thickness (A) and keratocyte number (B) of the different 
experimental groups.

mean number of keratocytes when compared with 
control group. While at the same time, these ani-
mals showed a highly significant decrease in these 
parameters in comparison with group II (p < 0.001) 
(Table 1, Fig. 3A, B). Regarding to the posterior as-

pect of the cornea, group I displayed flat endothelial 
cells arranged in one layer and supported via a ho-
mogenous acellular Descemet’s membrane (Fig. 2A).  
Group II showed apparently few endothelial cells 
with small pyknotic nuclei. Stroma with irregularly 
arranged collagen fibres and with wide spaces in 
between was seen. The keratocytes appeared small 
in size with dark nuclei (Fig. 2B). Group III revealed 
few endothelial cells separated from the Descemet’s 
membrane (Fig. 2C). Moreover, group IV displayed 
acellular Descemet’s membrane lined by a single layer 
of endothelial cells (Fig. 2D).

In order to visualise changes in collagen fibre ar-
chitecture Mallory trichrome-stained corneal sections 
of the different experimental groups were performed. 
Group I (Control group) revealed regularly arranged 
collagen fibres (Fig. 4A). However, in group II (Latan-
oprost with BAC treated group), there were widely 
separated and irregularly arranged collagen fibres  
(Fig. 4B). Group III (Recovery group) exhibited regularly 
arranged collagen fibres. Wide space between collagen 
fibres was observed (Fig. 4C). In group IV (PF latano-
prost treated group), there was regular arrangement 
of collagen fibres similar to control (Fig. 4D).
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For determination of carbohydrate (epithelial 
basement membrane), PAS stained corneal sections of 
the different experimental groups were done. Group I  
(Control group) exhibited strong positive reaction in 
the epithelial basement membrane (Fig. 5A). How-
ever, mild positive PAS reaction in some parts and 
negative in other parts of the basement membrane 
were seen in group II (Latanoprost with BAC treated 
group) (Fig. 5B). Group III (Recovery group) revealed 

mild positive reaction (Fig. 5C). In group IV (PF la-
tanoprost treated group), there was strong positive 
PAS reaction in the basement membrane similar to 
control group (Fig. 5D).

For detection of apoptosis immunohistochemically 
in corneal tissue, BAX immune-marker expression was 
determined. There was a negative BAX expression in 
the corneal tissue of group I (Fig. 6A), whereas in 
group II, strong positive cytoplasmic BAX reaction 

Figure 4. Photomicrographs of Mallory’s 
trichrome-stained corneal sections of the 
different experimental groups; A. Control 
group: illustrating regularly arranged 
collagen fibres (F); B. Group II: illustrat-
ing, widely separated (S) and irregularly 
arranged collagen fibres (F); C. Group III: 
illustrating, regularly arranged collagen 
fibres (F). Notice, wide space between 
collagen fibres (S); D. Group IV: illustrat-
ing, regular arrangement of collagen  
fibres (F) similar to control group.  
Mallory’s trichrome ×400.

Figure 5. Photomicrographs of periodic 
acid Schiff (PAS) stained corneal sections 
of the different experimental groups;  
A. Control group: illustrating strong 
positive PAS reaction in the epithelial 
basement membrane (arrow); B. Group II: 
illustrating, mild positive PAS reaction in 
some parts (blue arrow) and negative in 
other parts (red arrow) of the epithelial 
basement membrane; C. Group III: illus-
trating, mild positive PAS reaction in the 
basement membrane (arrow); D. Group IV: 
illustrating, strong positive PAS reaction in 
the basement membrane (arrow).  
PAS ×400. 

A B

C D

A B

C D



58

Folia Morphol., 2022, Vol. 81, No. 1

Figure 6. Photomicrographs of Bcl-2-as-
sociated X protein (BAX) immune-stained 
corneal sections of the different experimen-
tal groups; A. Control group: illustrating 
negative BAX reaction in the epithelium 
and stroma; B. Group II: illustrating, strong 
positive cytoplasmic BAX reaction in the 
epithelium (blue arrow) and mild reaction 
(red arrow) in the keratocytes; C. Group III:  
illustrating, moderate BAX reactivity in 
the corneal epithelial cells (blue arrows) 
and mild reaction in the keratocytes (red 
arrow); D. Group IV: illustrating, negative 
BAX reaction in the epithelium and stroma. 
BAX ×1000.

in the epithelium and mild reaction in keratocytes 
were observed (Fig. 6B). However, group III, exhibited 
moderate BAX reactivity in the corneal epithelial cells 
and mild reaction in keratocytes (Fig. 6C). In group IV,  
there was negative reaction in the epithelium and 
stroma similar to control animals (Fig. 6D). 

Effects of preservative-free and preserved 
prostaglandin analogues on corneal ultrastructure

Electron microscopic examination was done to 
confirm the light microscopic findings. 

Group I (Control group), the corneal epithelium 
had basal columnar cells with euchromatic round-
ed nuclei. Hemi-desmosomes appeared as electron 
dense spots and were seen on the basal sides of 
these cells, facing the basement membrane. The 
intermediate cells had rounded euchromatic nu-
clei. The superficial cells were flattened with flat 
nuclei. All epithelial cells were connected togeth-
er by many electron dense desmosomes, allowing 
narrow intercellular spaces. Under the epithelium, 
there was the Bowman’s membrane which ap-
peared as a thick collagen fibre layer (Fig. 7A, B).  
The stroma had regularly arranged collagen fibres 
parallel to the corneal surface. The keratocytes ap-
peared as spindle-shaped cells with scanty cytoplasm 
and moderately electron dense oval nucleus. They ap-
peared squeezed in-between collagen fibres (Fig. 7C).  
The Descemet’s membrane displayed as homogenous 
acellular electron-dense layer and lined by a single 
layer of endothelial cell which appeared as flat cells 
having oval nuclei and their cytoplasm contained 

rough endoplasmic reticulum cisterna and mitochon-
dria (Fig. 7D).

Group II (Latanoprost with BAC treated group), 
marked alterations including the various corneal layers 
were seen. The basal and intermediate epithelial cells 
appeared with cytoplasmic vacuoles, free ribosomes, 
distorted mitochondria, wide perinuclear space and 
shrunken nuclei (Fig. 8A, B). Moreover, the cells 
were separated by wide intercellular space (Fig. 8B).  
The superficial epithelial cells showed flat euchro-
matic nuclei with irregular contour. Wide intercellular 
spaces with partial loss of desmosomal junctions 
between some superficial epithelial cells were seen 
(Fig. 8C). The stroma exhibited keratocytes which 
were widely separated from the collagen fibres. The 
keratocytes appeared with cytoplasmic processes and 
their cytoplasm contained shrunken nuclei, dilated 
rough endoplasmic reticulum cisterna and lysosomes 
(Fig. 8D). Moreover, small areas in the stroma con-
tained little amount of collagen fibres (Fig. 9A, B) and 
appearance of blood vessel was found (Fig. 9A). The 
endothelial cells had discontinued cell membrane and 
distorted mitochondria (Fig. 9B). 

Group III (Recovery group) exhibited superficial ep-
ithelial cells with euchromatic nuclei and desmosomal 
junctions in between. Wide intercellular spaces with 
loss of desmosomes between some superficial epithe-
lial cells were observed (Fig. 9C). The stroma exhibited 
regularly arranged collagen fibres. The keratocytes 
appeared with indented nucleus and abundant cyto-
plasm containing rough endoplasmic reticulum. Wide 
space between collagen fibres and keratocytes was 
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observed (Fig. 9D). The Descemet’s endothelial cells 
appeared with cytoplasmic vacuoles and distorted 
mitochondria (Fig. 10A).

Group IV (PF latanoprost treated group) showed 
corneal structure similar to that of the control group. 
The superficial epithelial cells were well organized 
with preserved desmosomal junctions (Fig. 10B). The 
stroma showed regularly arranged collagen fibres. 
The keratocytes with oval nucleus and rough endo-
plasmic reticulum in their cytoplasm were observed. 
The Descemet’s endothelial cells appeared with flat 
nucleus and mitochondria (Fig. 10C).

DISCUSSION
Prostaglandin analogues are the first treatment 

used for glaucoma as a monotherapy or with other 
hypotensive agents. PGAs are preferable to other 
ocular hypotensive agents, because during long-term 
clinical use, there were no systemic side effects [16].

Among all the types of available PGAs, latanoprost 
was chosen in the present study, because this drug 
has good efficacy. Latanoprost is an esterified pro-

drug of prostaglandin F2-alpha, more lipophilic than 
other PGAs, which means that it is better absorbed 
through the cornea. Latanoprost is well tolerated. So, 
patients receiving latanoprost treatment are more 
persistent than other ocular prostaglandins hypo-
tensive medications [35]. Latanoprost is the first PGA 
that has an improved, recently produced formulation 
without BAC [1].

In this study, the histological changes within the 
corneal tissue with the use of currently available 
PG-derived eye drops, namely latanoprost (Xalatan) 
and PF PGA latanoprost (Monopost), in male guinea 
pigs were evaluated by light and electron microscope.

In the current study, the light microscopic corneal 
changes were confirmed by electron microscope. Cor-
neal tissue from guinea pigs treated with latanoprost 
with BAC showed toxic changes that were considered 
to be related to the preservative, BAC, as previously 
reported by Trzeciecka et al. [38].

Epstein et al. [9] demonstrated that preservatives 
which exist in eye drops, such as BAC, change the 
permeability of the ocular surface epithelium, even 

Figure 7. Electron micrographs of the cornea of control group illustrating: A. A basal columnar epithelial cells with euchromatic rounded 
nuclei (N) resting on clear intact Bowman’s membrane (B). The epithelial cells are connected to each other by numerous desmosomes (black 
arrows) with narrow intercellular spaces. Notice, hemi-desmosomes appear as electron dense spots (red arrow) fixing the basal cells to the 
underlying basement membrane (blue arrow); ×4000; B. The intermediate cells have rounded euchromatic nuclei (N). The superficial cells are 
flattened with flat nuclei (n). All epithelial cells are connected with each other by electron dense desmosomes (arrows); ×4000; C. A spindle-shaped 
keratocyte with scanty cytoplasm and moderately electron dense oval nucleus (N) is seen squeezed between regularly arranged collagen 
fibres in longitudinal (L) and transverse (T) directions; ×5000; D. A single endothelial cell layer with flat nucleus (N) and abundant cytoplasm 
containing mitochondria (M) and rough endoplasmic reticulum cisterna (arrows) is observed. The endothelial cells line thick homogenous 
electron-dense Descemet’s membrane (DM); ×15000.
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Figure 8. Electron micrographs of the cornea of group II illustrating: A. Basal and intermediate epithelial cells. One cell appears with cyto-
plasmic vacuoles (V) and condensed nuclei (n). Some cells have a euchromatic nuclei (N), whereas others have shrunken nuclei (K) and wide 
perinuclear space (red arrow). Notice, the cell membranes are interdigitated and connected by desmosomal junctions (black arrows); ×4000; 
B. Epithelial cells with euchromatic nucleus (N) and wide perinuclear space (red arrow) are seen. The cytoplasm shows multiple vacuoles (V), 
free ribosomes (arrows) and distorted mitochondria (M). The cells are separated by wide intercellular space (S); ×15000; C. The superficial 
epithelial cells have flat euchromatic nuclei (N) with irregular contour, some cells show preserved desmosomal junctions (black arrows). 
Notice, wide intercellular spaces with loss of junctions between some epithelial cells (red arrows); ×5000; D. The keratocyte has shrunken 
nucleus (N), variable sized cytoplasmic vacuoles (red arrows), dilated rough endoplasmic reticulum cisterna (black arrows) and lysosomes 
(blue arrow). The keratocyte is widely separated (S) from regularly arranged collagen fibres (F) of stroma; ×5000.

at very low doses. BAC gives rise to cell membranes 
lysis at the ocular surface.

Thinning of epithelial covering with desquamation 
of some surface cells was detected in the present 
study; this finding was confirmed morphometrically 
by showing highly significant decrease within the 
corneal epithelial thickness in comparison with the 
control animals. These results coincided with other 
authors [10, 22, 39] who reported a decrease in 
the number of corneal epithelial layers with highly 
significant decrease in the central corneal thickness 
following long term treatment with BAC-containing 
eye drops. This might be due to degeneration of 
corneal epithelial cells with dead cells loss and failure 
of cellular regeneration and proliferation following 
long term treatment with BAC containing eye drops.

Guo et al. [13] and Soliman et al. [37] illustrated 
that the corneal epithelial cells desquamation with in-
tracellular adenozyno-5’-trifosforan (ATP) depletion is 
accelerated by BAC. Among the various effects of ATP 
depletion, regulatory light chain of myosin II (MLC) 
phosphorylation has been detected. It is proven that 

the corneal epithelial cells exposure to BAC results 
in MLC phosphorylation that leads to contraction 
of the cytoskeleton of the epithelial cells leading to 
distortion the corneal barrier integrity.

Latanoprost with BAC-treated guinea pigs showed 
variable degrees of degeneration within the nuclei 
of the epithelial cells, endothelial cells and stromal 
keratocytes. This might be due to deoxyribonucleic 
acid (DNA) damage occurring in corneal cells after 
treatment of BAC-containing eye drops, as previously 
demonstrated with Kobayashi et al. [17] and Soliman 
et al. [37].

These results were also, in accordance with Bar-
zilai and Yamamoto [4] and Baudouin et al. [5] who 
stated that BAC caused oxidative stress leading to 
free radicals generation, such as hydroxyl radicals 
and superoxide anion, and reactive oxygen species 
(ROS), such as singlet oxygen and hydrogen peroxide. 
Overproduction of ROS can induce cellular damage, 
particularly the DNA through the mitochondrial dam-
age, which causes activation of endonuclease and 
apoptogenic proteases resulting in apoptosis.
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Rosin and Bell [33] referred decreasing number of 
keratocytes within the stroma detected within corneal 
tissues from guinea pigs treated with latanoprost 
with BAC to their contraction, apoptosis and death 
of these cells after exposure to BAC. This finding was 
supported morphometrically as showing a highly 

significant decrease in the keratocytes number as 
compared with that of the control animals.

Disarrangement and loss of collagen fibres in 
some areas within the stroma in this study may be 
due to keratocytes loss as they synthesize and pre-
serve stromal collagen; thus, keratocytes loss leads to 

Figure 10. Electron micrographs of the cornea of group III (A) and group IV (B, C); A. Group III: Descemet’s membrane (DM) lined by a sin-
gle endothelial cell layer. The endothelial cell appears with flat nucleus (N) and abundant cytoplasm containing distorted mitochondria (M) 
and vacuoles (black arrows); ×15000; B. Group IV: illustrating normal appearance of superficial epithelial cells with preserved desmosomal 
junctions (black arrows); ×5000; C. Group IV: illustrating stroma with regularly arranged collagen fibres (F). The keratocyte appears with oval 
nucleus (N) and rough endoplasmic reticulum (black arrow). The Descemet’s membrane (DM) is lined by endothelial cells having flat nucleus (n) 
and mitochondria (M); ×5000.

Figure 9. Electron micrographs of the cornea of group II (A, B) and group III (C, D); A. Group II: illustrating small areas in the stroma con-
taining little amount of collagen fibres (black arrows) with appearance of blood vessel (BV); ×5000; B. Group II: illustrating, discontinued 
endothelial cell membrane (black arrow) with distorted mitochondria (M). The stroma displays little amount of collagen fibres (red arrow); 
×5000; C. Group III: illustrating, superficial epithelial cells with flat euchromatic nuclei (N) and preserved desmosomal junctions in between 
(black arrows). Wide intercellular spaces between some superficial cells with loss of desmosomes are observed (red arrows); ×15000;  
D. Group III: illustrating stroma with regularly arranged collagen fibres in longitudinal (L) and transverse (T) directions. The keratocyte appears 
with indented nucleus (N) and abundant cytoplasm containing rough endoplasmic reticulum cisterna (black arrow). Notice, wide space (S) 
between keratocyte and collagen fibres; ×5000.
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less collagen secretion [23]. Another explanation of 
damaged corneal stromal cells following prolonged 
BAC exposure was that PGAs are known to reduce 
IOP by upregulation of matrix metalloproteinases 
(MMPs), which are collagen degradation enzymes 
induced by prostaglandin F2-alpha [34, 39], causing 
connective tissue remodelling and degeneration of 
extracellular matrix, involving collagens of the sclera 
and ciliary muscle, resulting in lowering resistance 
of uveo-scleral outflow, thus improving aqueous hu-
mour outflow [18].

Stromal neovascularisation and congested blood 
vessels detected in the present study might be due 
to corneal stromal cells activation and migration to 
the site of injury following exposure to BAC. These 
stromal cells express vascular endothelial growth 
factor (VEGF) that induces angiogenesis with new 
blood vessels formation as previously explained by 
Mahmoud et al. [20].

It was also suggested by DeStafeno and Kim [8] 
that stromal neovascularisation might be due to un-
balancing between angiogenic factors such as VEGF, 
fibroblast growth factor and anti-angiogenic ones 
such as angiostatin in the cornea.

Inflammatory cellular infiltration of the stroma 
detected within corneal sections from guinea pigs 
treated with latanoprost with BAC may be considered 
as a trial for healing and protection against infection 
which become easier with disturbance of the normal 
corneal epithelial barrier with prolonged treatment 
of BAC containing hypotensive eye drops.

Yang et al. [41] reported that inflammatory cel-
lular infiltration of the stroma might be due to the 
expression of several inflammatory factors, such as 
chemotactic factors: monocyte chemo-attractant pro-
tein 1, macrophage inflammatory protein-1 alpha and 
growth-regulated protein alpha, which increased after 
treatment with BAC within a week. These inflammatory 
factors have chemotactic activity for eosinophils mono-
cytes and neutrophils, either separately or together.

Negri et al. [24] referred the inflammatory cellular 
infiltration of corneal stroma to the effect of BAC in 
lipoxygenase activation and secretion of inflammatory 
mediators, and multiple cytokines such as interleu-
kin-la, tumour necrosis factor alpha, interleukin-8, 
leading to irritation and allergic reaction.

In the current study, widely separated irregularly 
arranged collagen fibres in Mallory’s trichrome-stained 
corneal sections from guinea pigs treated with latan-
oprost with BAC might be due to degradation of its 

collagen fibres by active MMPs which are produced 
by prolonged exposure to BAC. These findings were in 
agreement with Gaton et al. [11] and Park et al. [26] 
who reported that PGAs cause up-regulation of MMPs 
that leads to degradation of extracellular matrix, 
including collagens of the ciliary muscle and sclera.

Another explanation of wide spaces in-between 
collagen fibres is that prolonged treatment with 
hypotensive eye drops containing BAC resulted in 
intracellular and extracellular oedema, as previously 
explained by Collin and Collin [7].

Histochemically, corneal sections of this group 
revealed mild positive PAS reaction in some parts and 
negative in other parts of the basement membrane. 
These results indicated reduction or even depletion 
of carbohydrates within the basement membrane of 
corneal epithelium.

Immunohistochemically, a marked immune pos-
itive cytoplasmic reaction for BAX in the covering 
epithelial cells and stromal keratocytes within corneal 
sections from guinea pigs treated with latanoprost 
with BAC was observed. This could be due to apop-
tosis of these cells. BAX is a nuclear-encoded protein 
that can penetrate the mitochondrial membrane and, 
thus, mediate cell death via apoptosis. So, increase 
reactivity for BAX indicates cellular apoptosis [40].

Guinea pigs left to recover without treatment for 
2 weeks after treatment with latanoprost with BAC 
showed mild improvement of the histological changes 
of the cornea. However, some histological alterations 
were still persisting as desquamation of the superficial 
epithelial cells and corrugated Bowman’s membrane. 
Small keratocytes with dark nuclei were noticed. Few 
endothelial cells appeared separated from the De-
scemet’s membrane. These findings were in harmony 
with Soliman et al. [37] who demonstrated that there 
was mild recovery within the corneal sections of rats 
left for recovery after 0.02% BAC treatment with min-
imal decrease of the thickness of corneal epithelium 
and stromal degeneration.

On the other hand, light and electron microscopic 
studies of corneal sections from guinea pigs treated 
with PF latanoprost revealed nearly normal corneal 
structure. Moreover, these results were in harmony 
with Pauly et al. [27] and Yang et al. [41] who report-
ed that rat corneal tissue presented better tolerance 
with PF latanoprost therapy. This improvement could 
be referred to absence of the BAC preservative from 
PGAs which in turn might improve the structure and 
function of the corneal epithelial barrier.
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CONCLUSIONS
Prostaglandins with BAC preservative derived eye 

drops result in many histological alterations in the 
corneal tissue. These alterations might be improved 
by withdrawal of the preservative. PF prostaglandin 
medication seems to be alternative to those preserved 
with BAC formulations. 
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Background: The optimal treatment for autoimmune type 1 diabetes mellitus 
(T1DM) is endogenous regeneration of the pancreatic beta-cell. This can be 
achieved either by transplanting bone marrow mesenchymal stem cells (BMSCs) 
or injecting platelet-rich plasma (PRP). Current research reviewed a T1DM model 
and compared the effect of BMSCs on exocrine and endocrine pancreas portions 
versus PRP. 
Materials and methods: Rats were divided into four groups: Control group, Dia-
betic group (single streptozotocin dose 60 mg/kg IP), Diabetic + PRP group (PRP,  
0.5 mL/kg SC twice weekly/4 weeks given to diabetic rats) and Diabetic + BMSCs group  
(1 mL of PKH26 labelled MSCs suspension in buffer phosphate solution, 3 × 106 cells/mL 
IV to diabetic rats). Glucose, amylase and lipase levels were calculated and pan-
creases were designed for light, electron microscopic, immunohistochemistry, 
morphometry and statistical analysis. 
Results: Diabetic rats exhibited elevated glucose, decreased amylase and lipase 
compared to control rats. In addition, variable histological degenerative changes 
in the form of congested blood vessels have been identified with a significant 
increase in the mean area percentage of collagen, a significant decrease in the 
diameter of the islets, the number of cells in the islets of Langerhans and the 
number of zymogen granules. Ultrastructural findings exhibited distorted Golgi 
apparatus morphology, degenerated mitochondria, pyknotic nuclei, and few 
secretory beta-cell granules.
Conclusions: Administration of BMSCs to diabetic group significantly increased 
the number of cells and diameter of Langerhans islets and the number of zymogen 
granules compared to Diabetic group as well as Diabetic + PRP group. BMSCs 
could be considered more efficient than PRP in the treatment of type 1 diabetes. 
(Folia Morphol 2022; 81, 1: 65–81)

Key words: type 1 diabetes mellitus, streptozotocin, bone marrow 
mesenchymal stem cells, platelet-rich plasma, anti-insulin antibody
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INTRODUCTION
As a major health concern in the 21st century, 

diabetes mellitus (DM) is a chronic metabolic dis-
ease causing hyperglycaemia; it is categorised into 
two major types (1 and 2). Type 1 diabetes mellitus 
(T1DM) is an autoimmune disease distinguished by an 
absolute insulin deficiency due to immune-mediated 
beta-cell-decimation of the islet pancreas [34]. Type 2  
diabetes mellitus (T2DM) is distinguished by insulin 
resistance, reduced insulin production, and pancreatic 
beta-cell failure [44].

Diabetes has the potential to cause severe mor-
bidity associated with microvascular damage and 
neuropathy affecting the retina, kidney, peripheral 
arteries and peripheral nerves due to numerous organ 
and body system complications [5, 10].

Insulin injections, hormone replacement, and oral 
hypoglycaemic drugs are main treatment choices for 
diabetic patients to stabilise their blood glucose [6] 
and to prevent deterioration of the condition [39]. 
However, these available treatments only manage 
symptoms or patient’s condition and can only amelio-
rate hyperglycaemia [32]. Consequently, they are less 
effective in reversing insulin resistance, and in altering 
the progression of DM, and they do not prevent the 
progressive islet beta-cell degeneration, and cannot 
cure diabetes [27].

Another way of treatment was reliance on beta-cell 
renewal therapy utilising either the pancreas or the islet 
transplantation [46]. However, these procedures were 
constrained by risks of major invasive surgery, donor 
shortages and rejection complications [43].

Therefore, regeneration of the endogenous beta- 
-cells would be the ideal therapeutic approach for 
DM control [36].

Platelet-rich plasma (PRP), other names, growth 
factor-rich plasma or autologous concentrated plas-
ma is now a low-cost procedure and has acted as 
an attractive area for clinicians and researchers over 
the two last decades in tissue repair [47]. PRP is an 
aggregation of the homologous platelets that is  
3 to 5 times exceeding physiological constituent of 
thrombocytes suspended in a small volume of plasma 
in the entire blood [31]. Marx et al. [38] was the first 
to research PRP, suggested that plasma can only be 
called platelet-rich if the concentration of condensed 
platelets exceeds the baseline (150–400 thousand 
per microliter). For autologous plasma to have high 
healing properties, the platelet levels should be at 
least 1 million in 5 mL of plasma. 

Growth factors (GFs) are among the innate bio-
logical peace-makers that have a role in regulating 
processes of tissue repair and regeneration, growth, 
and differentiation [35]. Platelets contain not only 
proteins needed for haemostasis but also convey 
many GFs [53], related to vasculature and tissue re-
pair such as transforming growth factor (TGF), plate-
let-derived growth factor (PDGF), vascular endothelial 
growth factor (VEGF), epidermal growth factor (EGF), 
cytokines and insulin-like growth factor (IGF) [37]. 

Platelet-rich plasma can be used as an inexpensive 
technique for delivering high levels of homologous 
GFs [14]. It has been used in a number of medical and 
surgical specialties, including orthopaedics, neurosur-
gery, ophthalmology, maxillofacial surgery, cosmetic 
surgery and dentistry [58]. Nevertheless, there was  
a dearth of research that detected the influence of 
PRP injection on diabetic rat pancreas. 

Mesenchymal stem cells (MSCs) have recently at-
tracted considerable attention as a more promising 
method of treating DM. MSC are multipotent stem 
cells found in bone marrow, adipose tissue, umbilical 
cord blood and many other tissues. Such cells are 
used in regenerative medicine as they are capable of 
renewing themselves and differentiating into a wide 
range of cells and have a high capacity for cultural 
expansion [50, 59].

Stem cell transplantation can delay diabetes pro-
gression and prevent the complications of hypergly-
caemia side effects and was successfully implemented 
in diabetes [62]. Similarly, bone marrow mesenchymal 
stem cells (BMSCs) transplant could retrieve pancreat-
ic beta-cells and control blood glucose levels [42]. In 
addition, there are angiogenic, anti-apoptotic, anti- 
-inflammatory and immunomodulatory effects [13].

The purpose of this study was to compare the 
impact of BMSCs and PRP on the biochemical and 
structural changes in the pancreas of adult male 
albino rats with streptozotocin (STZ)-induced T1DM 
in order to shed light on the potential for clinical use 
of such applications.

MATERIALS AND METHODS
Animals

In this study, 70 adult male albino rats were used, 
each weighing 180–200 g. The animals were pur-
chased from and kept in the Medical Research In-
stitute’s animal house, Alexandria University, Egypt, 
and the experiment was carried out there. Until the 
beginning of the experiment, animals were housed in 
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separate wire mesh cages and acclimatised at room 
temperature for 1 week, with a light and dark du-
ration of 12:12, with access to food and water ad 
libitum. In this research, ethical principles for the 
treatment of animals were applied and monitored 
by an animal facility, Medical Research Institute,  
Alexandria University.

Chemicals 

Streptozotocin (STZ): a vial of 1.5 g STZ pow-
der and 220 mg citric acid (Sigma Aldrich, Egypt), 
dissolved in 0.1 M sodium citrate buffer (pH 6) in 
accordance with the directions of manufacture and 
was used within 5 min of preparation.

Platelet-rich plasma

PRP preparation. At the Medical Research Insti-
tute’s animal house, Alexandria University, Egypt, PRP 
was freshly prepared. The preparation method was 
accomplished by adjusting the protocol of the double 
centrifugation tube [48]. With the rats under ether 
anaesthesia, 2 mL of blood was collected from the 
retro-orbital plexus under sterilisation. The blood was 
submitted for 10 min centrifugation at 1600 revolu-
tions/minute, resulting in 3 different layers; red blood 
cells below, white blood cells buffy coat in the middle, 
and plasma above. The plasma was then pipetted 
and the part over the buffy coat was gained. After 
that, the plasma was submitted for 10 min centrifu-
gation at 2000 rpm, resulting in 2 portions: platelet 
poor plasma (PPP) above and platelet button at the 
bottom. To allow platelet resuspension, a portion of 

the PPP was removed and another portion remained 
with platelets that were slightly agitated. To verify the 
platelet concentration, 80 μL of the PRP was counted 
in an automatic apparatus to ensure that the platelet 
number was greater than 1,000,000/μL.

Finally, aspirate 0.5 mL/kg PRP with micropipette 
and dissolute into the saline phosphate buffer (PBS) 
(PRP 1:1 PBS), and subcutaneously injected with  
a sterile insulin syringe.

Bone narrow mesenchymal stem cells

BM-MSCs (labelled PKH67; Green Fluorescent 
Cell Linker) were supplied from the stem cell research 
unit of the Department of Biochemistry of the Fac-
ulty of Medicine, Cairo University, Egypt. According 
to Augello et al. [9], BM-MSCs were harvested from 
the bone marrow of femurs and tibiae of 6-week-old 
male rats.

In Dulbecco’s Modified Eagle Medium (DMEM) 
purchased from Sigma, the isolated MSCs were cul-
tured. 10% foetal calf serum (FCS) and 1% 100 U/mL  
penicillin, 100 mg/mL streptomycin and 2 mM L-glu-
tamine were supplemented with DMEM. In humidi-
fied CO2 — 5% air at 37°C, the cells were cultured to 
confluence (80–90%). Experiments were conducted 
on confluent cultures that were usually acquired on 
the 12th to 14th day of culture. In the next 3 passag-
es, this process was repeated. For all experiments, 
cells at passage 3 were used. In vitro detection of 
MSCs was performed by culture research, using an 
inverted microscope (Olympus CKX53) to appear as 
spindle-shaped cells (Fig. 1A).

Figure 1. A. Ten-day culture, inverted microscope micrograph of bone marrow mesenchymal stem cells (BMSCs). The cells are adherent 
spindle-shaped cells; B. An image of a fluorescent microscope showing BMSCs labelled with fluorescent PKH67 appearing inside acini and 
pancreas islets as bright dots. Scale bar: 25 µm.

A B
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The cells were centrifuged and washed twice in  
a serum-free medium prior to the experiment. Pancre-
atic tissue was studied with a fluorescent microscope 
(Olympus BX50F4, No. 7M03285, Tokyo, Japan) to 
detect and track PKH67-stained cells (Fig. 1B). The 
extracted cells in the third passage were labelled with 
the green fluorescent protein (PKH67-Sigma) [17].

Induction of diabetes

Overnight-fasted rats received a single intra-peri-
toneal (IP) injection of STZ (60 mg/kg body weight) 
dissolved in 0.1 M sodium citrate buffer for T1DM 
induction. 48 hours after STZ injection (day 0 of ex-
periment), animals were fasted overnight and blood 
samples were collected from the tail vein for glucose 
level monitoring. Rats are considered diabetic when 
glucose level exceeds 250 mg/dL [58].

Experimental design

In order to obtain PRP, 20 of the 70 male rats 
were used and the other 50 were randomly divided 
into four groups:

—— Group I (Control group, n = 20 rats): four equal 
subgroups were subdivided into: (5 rats each):
•	 Subgroup Ia: rats were retained and acted as 

negative control without medication,
•	 Subgroup Ib: rats obtained an IP injection of 

a single 0.1 M sodium citrate buffer,
•	 Subgroup Ic: rats were subcutaneously inject-

ed on a bi-weekly basis with PRP at a dose of 
0.5 mL/kg for 4 weeks,

•	 Subgroup Id: rats received 1 mL of PKH26 
labelled MSC suspension in buffer phosphate 
solution (3 × 106 cells/mL) IV via tail vein [25] 
for 2 successive days;

—— Group II (Diabetic group, n = 10 rats): a single STZ 
(60 mg/kg body weight) IP injection dissolved in 
a 0.1 M sodium citrate buffer was administered 
to rats;

—— Group III (Diabetic + PRP group, n = 10 rats): PRP 
was administered bi-weekly to rats at a dose of 
0.5 mL/kg by SC injection for 4 weeks on day 0 
following STZ diabetes induction assurance;

—— Group IV (Diabetic + BMSCs group, n = 10 rats): 
1 mL of PKH26-labeled MSC suspension in buffer 
phosphate solution was administered to rats on 
day 0 after induction of STZ diabetes for 2 consecu-
tive days (3 × 106 cells/mL) IV via the tail vein [25].

Biochemical study

Blood samples collected from the tail vein of 
overnight fasting rats at the end of the 4th week to 
measure.

Fasting glucose level, use one-touch Accu-Check 
glucometer and compatible blood glucose test strips, 
prior to grouping at the beginning of the experiment, 
all animals were subjected to blood glucose level 
measurement to ensure that they were normoglycae-
mic. Then, for the different sample types, the meas-
uring method was conducted with statistical analysis. 

Serum pancreatic amylase was performed by Landt 
et al. [33], an immunoabsorbent prepared by coat-
ing latex beads with a monoclonal antibody unique 
for pancreatic amylase. Serum pancreatic lipase was 
prepared by the enzyme-colorimetric method using 
Automated Hitachi Analyser [56].

Experiments in histology, immunohistochemistry 
and electron microscopy

Rats from all groups were sacrificed at the end 
of the 4th week by being decapitated under light 
halothane anaesthesia. Pancreases were rapidly dis-
sected out and divided into two parts: one for light 
microscopic examination and the other for electron 
microscopic examination.

Specimens subjected for light microscopic in-
spection were fixed in 10% formol saline for 24 h 
and subsequently processed for the preparation of 
5-μm-thick paraffin sections for haematoxylin and 
eosin (H&E) for histological validation [11], Mallory’s 
trichrome stain for collagen fibre indication, and 
toluidine blue stain [57]. 

Immunohistochemical study  
of anti-insulin antibody

The immune-localisation technique was performed 
on pancreatic paraffin sections of 5 µm thickness with 
the streptavidin-biotin-peroxidase staining method 
[15]. Anti-sera containing rat insulin polyclonal pri-
mary antibody (Bio-Genex, case no.: AR.295-R.) were 
then incubated with these parts for 1 h. Dako-K0690; 
Dako Universal LSAB Kit (bio-tinylated secondary an-
tibody) and Dako-K0690 (streptavidin horseradish 
peroxidase) were incubated in the components for 
30 min. Then, they were incubated with a 3,30-di-
aminobenzidine-4-hydrochloride (Sigma-D5905; Sig-
ma Aldrich Company Ltd., Gillingham, UK) substrate 
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package for 10 min to obtain the immune label. Lastly, 
the nuclei were stained by Harry’s haematoxylin stain 
and a light microscope was used to examine the 
binding antibody [2].

Morphometrical studies

Using a light microscopic examination of the ×400 
images of the Mallory trichrome stain and anti-insu-
lin antibody, the mean area percentage of collagen 
fibres and the number of insulin-positive beta-cells of 
all the animal groups were counted. By light micro-
scopic inspection of the ×400 H&E, the diameter of 
the Langerhans islets was determined. Light micro-
scope analyses of the toluidine blue stained section 
of ×400 were used to count the number of zymogen 
granules. In the Department of Histology, Faculty 
of Medicine, Menoufia University (Leica Q 500 MC 
programme, Wechsler, Germany), all measurements 
were taken using the image analyser. Examinations in 
10 high-power fields in each sample were carried out.

Statistical studies

The statistical analysis was conducted in the mean 
± standard error of mean (SEM) format using SPSS 
version 17 software (IBM Corporation, Somers, New 
York, USA). Using a one-way analysis of variance with 
post hoc analysis, the average of each group was 
compared with that of the other groups. In terms of 
chance, less than 0.01 at the p-value was the least 
significant quantity used.

RESULTS
General observation

Rats displayed normal behaviour in all groups, 
with the exception of excessive urination in diabetic 
rats, 2 days after the injection of STZ.

Biochemical results

Fasting blood glucose, serum lipase and am-
ylase. In the control group, there was no significant 
difference between the rats (subgroups Ia, Ib, Ic, 
and Id). In the diabetic group, administration of STZ 
significantly increased blood glucose levels and de-
creased serum amylase and lipase levels relative to 
control rats (p < 0.001). Important rises in glucose 
levels and decreases in amylase and lipase levels in 
the Diabetic + PRP group were also observed relative 
to the Control group (p < 0.001). PRP triggered a sig-
nificant decrease in glucose and a rise in the amount 
of amylase and lipase, relative to the diabetic group 
(p < 0.001). The Diabetic + BMSCs group displayed 
negligible variations in contrast to the Control group 
(Table 1, Fig. 2A–C). 

Histological results

The histological and immunohistochemical find-
ings of all group I (Control group) subgroups were 
similar. So, group I (Control group) applied to them.

Haematoxylin and eosin

All control subgroups displayed regular pancreatic 
architecture; the gland is covered by a capsule of 
thin connective tissue that sends septae separating 
it into lobes and lobules. The pancreatic lobules were 
formed of crowded acini separated by thin connective 
tissue septa. Acinar cell cytoplasm revealed both basal 
basophilia and apical acidophilia. Langerhans islets 
appeared among pancreatic acini as lightly stained 
areas (Figs. 3A, 4A).

Diabetic group showed loss of normal lobular 
architecture with congested dilated blood vessels. 
Some acinar cells showed vacuolation with pyknosis 
of their nuclei. Islets of Langerhans showed multiple 

Table 1. Biochemical reaction (fasting glucose level, serum amylase, serum lipase)

Control Sodium citrate PRP BMSCs STZ STZ + PRP STZ + BMSCs P value

Fasting blood 
glucose

80.7 ± 3.2 82.8 ± 2.3 80.8 ± 2.78 81.5 ± 2.46 414.6 ± 17.61 118.7 ± 4.74 82.3 ± 4.03 P1: 0.153; P2: 0.95;  
P3: 0.49; P4: 0.001**; 
P5: 0.001**; P6: 0.38

Serum  
amylase

63.1 ± 2.77 62.1 ± 4.07 62.4 ± 2.63 63.5 ± 2.17 31.9 ± 2.85 59.4 ± 2.72 61.5 ± 1.78 P1: 0.45; P2: 0.41;  
P3: 0.65; P4: 0.001**; 
P5: 0.004**; P6: 0.11

Serum  
lipase

85.3 ± 4.45 83 ± 3.37 86.5 ± 2.46 87.9 ± 2.02 36 ± 2.87 64.1 ± 4.82 84.3 ± 6.52 P1: 0.067; P2: 0.494; 
P3: 0.119; P4: 0.001**; 
P5: 0.001**; P6: 0.578 

**Highly significant difference: p < 0.001. Data are shown as mean ± standard deviation; BMSCs — bone marrow mesenchymal stem cells; PRP — platelet-rich plasma; STZ — streptozoto-
cin; P1 = control vs. sodium citrate; P2 = control vs. PRP; P3 = control vs. BMSCs; P4 = control vs. STZ; P5 = control vs. STZ + PRP; P6 = control vs. STZ + BMSCs
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empty spaces, congested blood vessels and degen-
erative changes in some cells in the form of pyknosis 
of their nuclei and vacuolation of their cytoplasm 
(Figs. 3B, 4B).

Diabetic + PRP group pancreatic lobular architec-
ture appeared almost identical to the Control group. 
However, there were still congested blood vessels and 
vacuolation of some acinar cells (Figs. 3C, 4C).

The group of Diabetic+ BMSCs displayed almost 
normal lobular pancreatic architecture. Acinar cells 
appeared in the nuclei of the vesicles. Normal Langer-
hans islet was found surrounded by normal acinar 
pancreatic tissue (Figs. 3D, 4D).

Mallory’s trichrome stain

Sections of Control group showed thin connective 
tissue around blood vessels, in septae, in between 
pancreatic lobules and in islets of Langerhans (Fig. 5A).

Diabetic group showed excessive deposition of col-
lagen fibres around thickened hypertrophied congested 
dilated blood vessels. Furthermore, islets of Langerhans 
showed massive deposition of collagen fibres (Fig. 5B).

The group treated with PRP showed moderate 
collagen fibres deposition between the pancreatic 
lobules (Fig. 5C). On the other hand, the injection 
of BMSCs showed a marked decrease in the value of 
collagen deposition (Fig. 5D).

Toluidine reaction

Sections of Control group showed abundant dark 
zymogen granules in the apical part of pancreatic ac-
inar cells with normal features of their cells (Fig. 6A), 
while Diabetic group showed few apical zymogen 
granules in pancreatic acinar cells (Fig. 6B). 

Meanwhile, PRP administration to diabetic rats 
(Diabetic + PRP group) induced an increase in number 
of zymogen granules in pancreatic acinar cells (Fig. 6C). 
Diabetic + BMSCs group showed normal distribution 
of zymogen granules in pancreatic acinar cells (Fig. 6D).

Immunohistochemical results

Strong positively stained insulin secretory granules 
of the beta-cells comprising the most common cell 
population of the islets were seen in sections of the 
control group (Fig. 7A). 

Streptozotocin administration in diabetic group 
resulted in a decrease in the intensity of stained se-
cretory granules of beta-cells, as well as a decrease in 
the number of cells and in the diameter of Langerhans 
islets (Fig. 7B). 

Platelet-rich plasma administration to diabetic rats 
caused the positive stained secretory granules of be-
ta-cells to increase moderately, primarily in the central 
core. There were also a few groups of unstained cells 
still present in the periphery of the islets (Fig. 7C).

The group of Diabetic + BMSCs displayed normal 
numbers of strong positively stained beta-cell secretory 
granules predominantly in the central core (Fig. 7D).

Electron microscopic results

With respect to electron microscopic results, sub-
group Ia, Ib, Ic, and Id showed no significant differ-
ence, so they were represented as control group. 

Figure 2. Fasting glucose (A), serum pancreatic amylase (B) and 
lipase levels (C) are illustrated in the graph; BMSCs — bone  
marrow mesenchymal stem cells; PRP — platelet-rich plasma;  
STZ — streptozotocin.
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Figure 3. A. Stained pancreatic section of haematoxylin and eosin of the Control group showing pancreatic acinar cells (arrow). In between 
pancreatic acini, formed by cords of pale stained cells with foamy, the islet of Langerhans (arrow head) is also seen; B. Group II (Diabetic 
group) demonstrating congested dilated blood vessels (BV). Some acinar cells showed vacuolation (v) with their nuclei pyknosis. The Langer-
hans islets showed empty spaces (arrow head) and degenerative changes in some cells in the form of pyknotic nucleus and cytoplasm 
vacuolation (star); C. Group III (Diabetic + PRP group) showing congested blood vessels and certain acinar cells with pyknotic nucleus (ar-
row). The Langerhans Islets showed empty spaces (arrow head); D. Group IV (Diabetic + BMSCs group) reveals normal pancreatic lobular 
architecture. The acinar cells appear with vesicular nuclei (arrow). Normal pancreatic islet of Langerhans (arrow head) surrounded by normal 
pancreatic acini is seen. Scale bar: 40 µm.

Figure 4. A. Stained pancreatic section haematoxylin and eosin of the Control group exhibiting pancreatic acinar cells appearing pyramidal 
with basal rounded vesicular nuclei (arrow). Between pancreatic acini, formed of cords of pale stained cells with foamy cytoplasm, the islet of 
Langerhans (I) is also seen; B. Group II (Diabetic group) showing dilated congested blood vessels (BV). Some acinar cells showed vacuolation 
(V) with their pyknotic nuclei. Langerhans islets showed empty spaces (arrow head) and degenerative changes in some cells in the form of 
cytoplasmic vacuolation (star); C. Group III (Diabetic + PRP group) showing vacuolation (v) of some acinar cells with pyknotic nucleus. The 
islets of Langerhans showed empty spaces in their cells (arrow head) and vacuolation (star); D. Group IV (Diabetic + BMSCs group) showing 
normal pancreatic lobular architecture, normal pancreatic islet of Langerhans (I) surrounded by normal pancreatic acini (arrow). Scale bar: 25 µm.
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Figure 5. A. Mallory’s trichrome stained portion of the control group pancreas showing thin connective tissue septae (arrow) between pan-
creatic acini and lobules; B. Group II (Diabetic group) exhibiting dilated blood vessels (BV) with large deposition of collagen fibres around 
blood vessels (arrow); C. Group III (Diabetic + PRP group) exhibiting mild deposition of collagen fibres between pancreatic acini (arrow head) 
and around blood vessels (arrow); D. Group IV (Diabetic + BMSCs group) exhibiting thin collagen fibres between pancreatic acini (arrow) and 
cells of islets of Langerhans (arrow head). Scale bar: 25 µm.

Figure 6. A. Toluidine blue stained pancreatic section of the control group displaying zymogen granules (ZG) in the apical part of the pancreatic 
acini-lined cells; B. Group II (Diabetic group) showing few apical ZG in most pancreatic acini with multiple vacuoles (v); C. Group III (Diabetic +  
+ PRP group) showing increase in number of apical ZG with several vacuolations (v) of their cytoplasm in most acinar cells; D. Group IV  
(Diabetic + BMSCs group) displaying ZG in the apical portion of the cells lining pancreatic acini.

A B

C D

A B

C D



73

H. El-Haroun, R.M. Salama, BMSCs vs. PRP on T1DM

Pancreatic acinar cells with basal rounded vesicular 
nuclei and prominent nucleoli were shown by electron 
microscopic analysis of the control rat’s pancreas. 
Acinar cells displayed packed cisterns of the rough en-
doplasmic reticulum (RER) and variable mitochondria 
in their cytoplasm. Apically, electron dense zymogen 
granules of variable sizes were located (Fig. 8A).

There were primarily beta-cells in the Langerhans 
islets. Many electron dense secretory granules sur-
rounded by large lucent halo, mitochondria, and 
euchromatic nucleus accommodate their cytoplasm. 
Alpha-cell granules were small and electron dense 
(Fig. 8B).

Ultrathin sections of Diabetic group (group II) 
showed pancreatic acini with irregular electron dense 
nuclei, dilated RER, degenerated (balloon-shaped) mi-
tochondria and phagosomes, some acinar cells were 
degenerated (Fig. 9A, B). Langerhans islets primarily 
contain beta-cells with few secretory granules display-
ing distorted Golgi apparatus morphology, degener-
ated mitochondria and pyknotic nucleus (Fig. 9C).

Platelet-rich plasma-treated rat pancreas (group III)  
with acinar cells displayed euchromatic nuclei sur-
rounded by disrupted RER focal area and normal 
mitochondria (Fig. 10A). There are many electron 

dense secretory granules in the cytoplasm of islets 
beta-cells surrounded by large lucent halos, mito-
chondria, euchromatic nucleus, and mildly dilated 
Golgi cisternae (Fig. 10B).

As shown by the presence of regular pancreatic 
acinar cells, the pancreatic acini of the Diabetic +  
+ BMSCs group showed marked improvement.  
Cytoplasm of acinar cells revealed regularly organised 
cisternae of RER, typical mitochondria and variable 
sized electron dense granules (Fig. 11A). The nuclei 
appeared vesicular and rounded. Cytoplasm beta-cells 
containing several dense electron secretory granules 
surrounded by wide lucent halos, mitochondria, and 
euchromatic nucleus were shown (Fig. 11B).

Morphometric results

Mean area percentage of collagen fibre dep-
osition in pancreatic tissues. The Diabetic group 
(group II) reported a marked increase in the mean area 
percentage of pancreatic collagen deposition, which 
was significantly higher compared to the mean value of 
the control subgroups (Ia, Ib, Ic, and Id). The mean area 
percentage of collagen fibres displaying an increased 
value was seen in group III, which was statistically sig-
nificant compared to the Control group (p > 0.05). 

Figure 7. A. Pancreatic section stained anti-insulin antibodies of the control group exhibiting strong positively stained beta-cells for anti-insu-
lin antibodies constituted by the main population of the Langerhans islet, leaving few central unstained cells; B. Group II (Diabetic group) with 
very few weak positive stained beta-cells exhibiting anti-insulin antibodies located mainly in the central part of the islet; C. Group III (Diabetic +  
+ PRP group) with a moderate positive reaction of stained beta-cells to anti-insulin antibodies. The majority of unstained cell groups are  
located in the peripheral portion of the islet; D. Group IV (Diabetic + BMSCs group) showing strong positively stained beta-cells for anti-insulin  
antibodies which constitute the largest population of the Langerhans islet leaving few unstained central cells.
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Figure 8. A. Group I (Control group) demonstrating acinar cells with euchromatic nuclei (N) and many electron dense secretory granules 
(arrow) of variable size, more or less normal mitochondria (M) and rough endoplasmic reticulum (RER) (×8000); B. Group I (Control group) 
showing Langerhans islets incorporating beta-cells (b) and alpha-cells (a). Many electron-dense secretory granules of beta-cells surround-
ed by a large light halo (arrow), mitochondria (arrow head), and euchromatic nucleus (N), while alpha-cell granules were small and elec-
tron-dense (×17500).

Figure 9. A. Group II (Diabetic group) displaying a large central nucleolus (Nu) hyperchromatic nucleus (N), massive dilated rough endo-
plasmic reticulum (RER), balloon-shaped mitochondria (M) and phagosomes (arrow head). Note the variable-sized apical secretory granules 
(arrow) (×8000); B. Pancreatic acinar cells of group II (Diabetic group) with abnormal pancreatic acinar nucleus (N) surrounded by dilated 
rough endoplasmic reticulum (RER) with distorted mitochondria (M) and phagosomes (arrow head) (×8000); C. Group II (Diabetic group) 
Langerhans islets include distorted Golgi apparatus morphology (circle), degenerated mitochondria (M) and non-clear and swollen nuclear 
membrane (N) of beta-cells (×17500).
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Group IV, on the other hand, displayed normal value 
with no noticeable difference relative to Control group.

Number of beta-cells/islet, diameter of islets 
and number of zymogen granules. In the control 
subgroups (Ia, Ib, Ic, and Id), there were no sub-
stantial variations between the rats in the number 
of cells of the Langerhans islets, the diameter of the 
Langerhans islets and the number of zymogen gran-
ules. The administration of STZ in the Diabetic group 
resulted in a substantial decrease in the number of 
cells of the Langerhans islets, in the diameter of the 
Langerhans islets, as well as in the number of gran-

ules of zymogen. Meanwhile, the administration of 
PRP to diabetic rats (Diabetic + PRP group) has led to  
a significant decrease in the number of Langerhans 
islet cells, the diameter of Langerhans islets and the 
number of zymogen granules compared to the con-
trol group, and a significant increase in the number 
of Langerhans islet cells, the diameter of Langerhans 
islets and the number of zymogen granules compared 
to diabetic rats (p < 0.001). 

The Diabetic + BMSCs group showed a noticeable 
increase in the number of Langerhans islet cells, the di-
ameter of Langerhans islets and the number of zymogen 

Figure 10. A. Group III (Diabetic + PRP group) showing euchromatic nucleus (N), acinar cells surrounded by focal disrupted rough endo-
plasmic reticulum (arrow), most likely normal mitochondria (M) (×8000); B. Group III showing beta-cell-containing islets of Langerhans with 
several dense electron secretory granules surrounded by a large light halo (arrow), mitochondria (arrow head), euchromatic nucleus (N), and 
mildly dilated Golgi flattened vesicles (curved arrow) (×17500).

Figure 11. A. Group IV (Diabetic + BMSC group) displaying euchromatic nucleus (N) acinar cells and multiple electron dense secretory  
granules of variable size (arrow), mild degenerated mitochondria (M) and most likely regular rough endoplasmic reticulum (RER) (×8000);  
B. Group IV (Diabetic + BMSCs group) showing Langerhans islets incorporate beta-cells with several dense secretory granules surrounded by  
a large light halo (arrow), mitochondria (arrow head) and euchromatic nucleus (N), normal Golgi apparatus morphology (curved arrow) (×17500).
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granules (p < 0.001) compared to Diabetic and Diabetic 
+ PRP groups, and showed an insignificant difference 
compared to the Control group (Table 2, Fig. 12A–D).

DISCUSSION
In this study, 48 hours after STZ administration, 

T1DM was induced when blood glucose levels ex-
ceeded 250 mg/dL [58]. This correlates with previous 
studies demonstrating that a single 60 mg/kg dose of 

STZ can minimise the secretion of insulin and destruct 
pancreatic beta-cells in rats [3].

In this study, H&E in the Diabetic group of exo-
crine pancreatic acini as well as the Langerhans islets 
showed loss of normal lobular architecture, congest-
ed dilated blood vessels, necrosis, vacuolation and 
apoptotic pyknotic nuclei.

These changes are close to the observations of the 
congested blood vessels and darkly stained pyknotic 

Table 2. Morphometric results: number of beta-cells/islet, diameter of islets, number of zymogen granules and mean area percentage 
of collagen fibres

Control Sodium citrate PRP BMSCs STZ STZ + PRP STZ + BMSCs P value

Mean area
percentage of 
collagen fibres

8.21 ± 0.66 8.5 ± 0.419 8.52 ± 0.48 8.41 ± 0.55 29.4 ± 2.27 20.6 ± 2.07 8.4 ± 0.66 P1: 0.4; P2: 0.06;  
P3: 0.13; P4: 0.001**; 
P5: 0.001**; P6: 0.41

Number of be-
ta-cells/islet

212.9 ± 3.14 210.1 ± 3.7 210.7 ± 2.1 213.2 ± 3.16 75 ± 4.29 142.7 ± 5.54 215.8 ± 3.52 P1: 0.12; P2: 0.06;  
P3: 0.797; P4: 0.001**; 
P5: 0.001**; P6: 0.046*

Diameter  
of islets

309.8 ± 2.3 305.9 ± 5.4 309.2 ± 2.3 312.1 ± 2.96 171 ± 6.2 219 ± 6.6 312.3 ± 3.97 P1: 0.037; P2: 0.616;  
P3: 0.102; P4: 0.001**; 
P5: 0.001**; P6: 0.12

Number of zymo-
gen granules

53.1 ± 2.77 52.1 ± 4.07 52.4 ± 2.63 53.5 ± 2.17 23.9 ± 5.7 51.3 ± 2.5 52.9 ± 1.85 P1: 0.45; P2: 0.41;  
P3: 0.65; P4: 0.001**; 

P5: 0.15; P6: 0.81

*Significant difference: p < 0.01; **Highly significant difference: p < 0.001. Data are shown as mean ± standard deviation; BMSCs — bone marrow mesenchymal stem cells;  
PRP — platelet-rich plasma; STZ — streptozotocin; P1 = control vs. sodium citrate; P2 = control vs. PRP; P3 = control vs. BMSCs; P4 = control vs. STZ; P5 = control vs. STZ + PRP; 
P6 = control vs. STZ + BMSCs 

Figure 12. View graphs; A. Mean area percentage of collagen; B. Number of beta-cells/islet; C. Islet diameter; D. Number of granules of  
zymogen; BMSCs — bone marrow mesenchymal stem cells; PRP — platelet-rich plasma; STZ — streptozotocin.
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nuclei of some diabetic rat acinar cells [41, 45] that 
observed nearly all acinar cells in diabetic rats were 
swollen with small vacuoles. These results are consist-
ent with Nurdiana et al. [41] that revealed histological 
destruction of the pancreatic islets of diabetic rats. 
Our findings coincide with Omar and Aboulkhair [45] 
who documented cell necrosis with congested blood 
capillaries, apoptosis in beta-cell of Langerhans and 
vacuolations in their cytoplasm. Ismail et al. [26] doc-
umented damage to the beta-cell of Langerhans due 
to STZ injection. Vacuolation has been described as 
one of the membrane permeability disorders that led 
to the transport of water and electrolytes into the cell. 
Significant cellular membrane damage resulting from 
lipid peroxidation mediating reactive oxygen species 
can be referred to as a permeability disorder [22].

The effect of STZ on the pancreas was explained 
by a decrease in cellular NAD+ and adenosine triphos-
phate (ATP) and an increase in the release of reac-
tive oxygen species secondary to the passage of STZ 
through the cell membranes, causing alkylation and 
DNA damage, as well as the release of nitric oxide 
inside the cells which inhibits the action of aconitase, 
causing further DNA damage [3]. In addition, chronic 
diabetes hyperglycaemia contributes to increased 
development of oxygen-free radicals through glu-
cose autoxidation, lipid peroxidation, and protein 
glycosylation, resulting in disruption of the oxidative/
anti-oxidative balance, resulting in oxidative stress 
and cellular harm in turn. These effects could result in 
the degeneration after STZ injection of islet beta-cells 
and pancreatic acinar cells [52].

The previous histological results of the destruction 
of islet beta-cells in the present study could explain 
the substantial increase in blood glucose levels and 
the apparent decrease in the number of Langerhans 
islet cells and the diameter of Langerhans islet cells 
in the diabetic group compared to the control group. 
This interpretation is agreed by others [40] who have 
explained that the drop in plasma insulin levels caused 
by selective pancreatic beta-cell necrosis is the cause 
of hyperglycaemia. 

There was a decrease in serum amylase and lipase 
in the Diabetic group in this study. 

These results are in agreement with Sano et al. [51]  
who documented damage to beta-cells with de-
creased synthesis of amylase and release from the 
exocrine pancreas of diabetic rats, pointing to the 
close connection between the endocrine and exocrine 
sections of the pancreas of the vascular network. In 

addition, marked decrease in amylase enzyme has 
been documented in STZ-diabetic mouse pancreatic 
acinar cells [4]. These findings suggest that the pres-
ence of insulin receptors on acinar cells is involved 
in the control of insulin function. In order to con-
trol cytosolic Ca2+ signals in acinar cells, ATP is well 
recognized and ATP production in acinar cells was 
inhibited by glucose metabolism in DM. Therefore, 
decreased cytosolic Ca2+ signals secondary to DM 
may be linked in reducing the secretion of digestive 
enzymes [30]. However, elevations in serum pancre-
atic amylase and lipase were reported for paediatric 
diabetic ketoacidosis [49]. 

Excessive deposition of collagen fibres was de-
tected by Mallory’s trichrome stain inspection of 
the Diabetic group. These results coincide with 
El-Desouki et al. [18] and Sorour et al. [55] that re-
vealed increased collagen fibres around the islands 
of Langerhans, the pancreatic acini, the blood vessels 
and intercalated ducts in the diabetic group. Pan-
creatic fibrosis may be caused by pancreatic stellate 
cells (PSCs). Hyperglycaemia leads to the activation 
of PSCs in diabetes, resulting in fibrotic changes. 
In addition, stellate cell invasions of the pancreatic 
islets contribute to the destruction of fibrotic is-
lets, resulting in a decline in beta-cell proliferation 
and a rush to apoptosis in diabetic patients [29]. 
Localised PSCs have begun to proliferate, morpho-
logically turn into myofibroblast-like cells, and se-
crete components of the extracellular matrix once 
activated [8]. Moreover, collagen fibres were found 
allowing inadequate oxygen to enter the tissue, 
leading to degenerative changes and necrosis [3].  
Furthermore, severe tissue damage following cyto-
toxic STZ-induced diabetes has caused lymphocytic 
depletion to increase reticular fibres [1].

Diabetic group showed few apical zymogen gran-
ules, which documented in agreement with other 
findings, that related decreased zymogen granules 
significantly to decrease serum amylase and acinar 
cell atrophy in diabetic rats [51]. Likewise, ultrastruc-
tural changes of acinar cells, such as electron dense 
nuclei, dilated RER, degenerated mitochondria and 
phagosomes, were detected. These findings agreed 
with others [18] that recorded dilatation and vesic-
ulation of exocrine acinar cells with RER cisternae 
and mitochondrial disruption in diabetic rats due to 
disorganisation of cytoskeleton and integral proteins 
on the RER and the accumulation of iso-osmotic fluid 
in the injured cell. 
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Langerhans islets beta-cells revealed degenerative 
changes such as distorted Golgi apparatus morphol-
ogy, degenerated mitochondria and pyknotic nucleus 
with few secretory granules ultrastructurally. Similar 
findings have been documented in pancreatic be-
ta-cells of diabetic rats with alloxan or STZ [28]. More-
over, El-Desouki et al. [18] showed that pancreatic 
beta-cells were degenerated with a pronounced de-
creased and breakdown of their granules. STZ caused 
damage to both the exocrine and endocrine portions 
of the pancreas. The most promising methods for the 
treatment of DM have recently been targeting the 
pancreatic beta-cell [60].

Current findings of the Diabetic + PRP group have 
shown an improvement in the histological picture of 
pancreatic islet cells and acini. These improvements 
have been confirmed by a decrease in blood glu-
cose, increase in serum amylase and lipase levels with  
a modest increase in the amount of positively stained 
beta-cell secretory granules. These findings coincided 
with El-Tahawy et al. [19] who found improvement 
in the morphology of the pancreas, several healthy 
islets with an increase in the number of beta-cells, 
and a substantial decrease in blood glucose levels 
in the Diabetic + PRP treated group. The biological 
characteristics of PRP depend on the platelets con-
centration; convenient PRP preparations can provide 
high concentrations of many GFs, including IGF, EGF, 
and TGFb. PRP should contain at least one million 
platelets per microliter to be value for tissue repair 
[21]. GFs originated from PRP may be used as pro-
spective therapies for diabetes as it can induce in 
vivo pancreatic beta-cell proliferation, regeneration 
and insulin production [36]. Moreover, a substantial 
elevation in GFs molecules, like VEGF, was noticed 
after treatment with a single dose of leukocyte-rich 
PRP [7]. In addition, Bonner-Weir et al. [12] clarified 
the production of new islet cells from progenitors in 
postnatal rodents via the neo-genesis process. Some 
cells derived from hormone progenitors present near 
the ducts in the adult pancreas and are transformed 
in adult mice into hormone-positive islet cells [63]. In 
both rodents and humans, endocrine cells can also be 
discovered in exocrine cells. Similarly, the long-term 
low dose administration of EGF induced beta-cell 
neogenesis in diabetic mice and resulted in ductal 
cell differentiation into beta-cells [64]. 

From the current study, it could be inferred that 
BMSCs could alleviate the degeneration of beta-cells 

and acinar cells induced by STZ. These findings were 
confirmed by the results of Omar and Aboulkhair 
[45] that showed normal histological structure of 
the Langerhans islets and the pancreatic acini with 
a substantial decrease in the mean random blood 
sugar level value, abundant positive insulin immu-
noreaction, with a significant increase in the mean 
area of islets beta-cells in the treated BMSCs group 
compared to the Diabetic group. 

These assumptions in the histological and bi-
ochemical improvement of the Diabetic + BMSCs 
group in the current study were coincided with the 
findings that BMSCs have a crucial role in repairing 
injured tissues. They may differentiate, to replace the 
dead cells and to stimulate surrounding cells in the 
microenvironment, by secreting stimulant factors to 
boost the tissue repair process [61]. Consequently, 
BMSCs may be applied to treat tissue dysfunction 
in chronic hyperglycaemia. By replacing T1DM with 
either in vitro or in vivo differentiation, local microen-
vironment modulation by cytokines, chemokines and 
factors that promote endogenous regeneration, and 
by reducing or preventing autoimmunity of beta-cells, 
MSC transplantation may increase the mass of beta- 
-cells [20]. Similarly, Ianus et al. [24] found that the 
stem cells survived and differentiated into beta-cells 
resulting in an increase in the number and size of 
islets of Langerhans. Similarly, by observing normal 
blood glucose levels and neovascular formation af-
ter co-transplantation of pancreatic MSCs and islet 
mass, Sordi et al. [54] suggested the role of MSCs as 
helper cells. In comparison, other authors [16, 23] 
have found that the hyperglycaemic environment of 
diabetic patients reduces the proliferative capacity of 
MSCs, thus increasing cell apoptosis.

CONCLUSIONS
The present study reveals a model by STZ for 

T1DM. Promising treatments for diabetics are BMSCs 
and PRP. Their results are clearly visible. Due to their 
improved histological and ultrastructural protection 
of the pancreas and their ability to increase the num-
ber of cells in the islets of Langerhans, to decrease 
the amount of glucose and to increase serum amyl-
ase and lipase enzymes, the use of BMSCs may be 
more successful than PRP. PRP, however, is much less 
expensive than BMSC.
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Background: Piglet mortality is a real concern to the pig farmers. The major cause 
is due to the late maturation of the immune system and dietary changes in post-
weaned piglets. The potential role of probiotic and zinc in the stimulation of the 
immune system is well established. Hence, the present study was undertaken to 
evaluate alterations of T and B cells in the small intestine after dietary inclusion 
of probiotic and zinc in pre and post-weaned piglets. 
Materials and methods: A total of 18 healthy Large White Yorkshire (LWY) piglets, 
irrespective of sex obtained from 3 litters at the age-group of 20, 30 and 60 days. 
They were divided into a control group fed with basal diet and a treatment group 
fed with probiotic and zinc supplement along with the basal diet, consisting of 
three animals in each group. The piglets were weaned at 28 days of age. After 
sacrificing the animals at day 20, 30 and 60 from both the groups, the abdominal 
cavity was opened and small intestinal tissue samples were collected, processed 
and stained by indirect immunofluorescence technique. The slides were evaluated 
under the fluorescent light microscope. The data were statistically analysed.
Results: The different T and B cell subsets were recorded in the lining epithelium, 
core of villus, crypt area of lamina propria and Peyer’s patch area. The number 
of CD4+, CD8+, IgA+ and IgM+ cells was higher in the treated piglets than the 
control group of animals, irrespective of segments of intestine and age-group.
Conclusions: It can be concluded that the dietary supplementation of probiotic 
and zinc was found to be good additives as they can stimulate the immune re-
sponse in piglets, especially during the critical early post-weaning period. (Folia 
Morphol 2022; 81, 1: 82–90)
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INTRODUCTION
	Pre-weaning piglet mortality ranges from 5% 

to 35%, which causes major economic issues in pig 
production [18]. Similarly, weaning is a critical stage 
in pig production because the piglets have to face 
many challenges such as low feed intake, acute di-
arrhoea and body weight loss, which causes nutri-
tional, immunological and psychological disruptions 
[15]. The innate immune cells and gut-associated 
lymphoid tissue are not functionally developed until 
4–7 weeks of age [9]. Diet plays an important role 
in the maturation and modification of the gut-asso-
ciated immune system and the development of gut 
function [5]. Probiotics particularly lactic acid bacteria 
have beneficial effects on the health of the host [20]. 
These probiotics bacteria can able to induce natural 
and acquired immunity in healthy mice [10]. The 
beneficial effect of probiotics in respect of immunity 
was also recorded in sows and piglets [22]. In addi-
tion, zinc supplementation has been responsible for 
maintaining nonspecific defence mechanisms [21]. 
Kalita et al. [14] already described the probiotic and 
zinc effects on the small intestinal mucosal cells in 
piglets.

In this communication, we assessed the effects 
of probiotic and zinc supplementation in pre- and 
post-weaned piglets on the qualitative and quanti-
tative development of the gut-associated immune 
system by the use of the indirect immunofluorescence 
technique. The objective of the present study was to 
examine the effect of feeding probiotic (Lactobacillus 
acidophilus, Lactobacillus rhamnosus and Bifidobac-
terium longum) and zinc on T and B cells subsets that 
demonstrate the immune status in the small intestine 
of critical pre and post-weaned piglets. 

MATERIALS AND METHODS
The present study was conducted in the pig farm 

of the College, Central Agricultural University (I), Mi-
zoram, India. The Institutional Animal Ethics Com-
mittee ethically approved the animals used for the 
experiment. The experiment was carried out from 
February, 2017 to May, 2019.

Animals

The present study was conducted on eighteen 
healthy Large White Yorkshire (LWY) piglets, irrespec-
tive of sex at different stages of development as age-
group of 20, 30 and 60 days. Each of six numbers of 
these piglets was selected from three sows. The piglets 

were divided into control group (C) fed with basal diet 
and treatment group (T) fed with combined probiotic 
and zinc oral supplement along with the basal diet. The 
basal diet used in this experiment was in pellet form 
and formulated to provide the nutrient requirements 
as per National Research Council (NRC) [19]. The 
piglets were weaned at 28 days of age.

Selection, dose and period of treatment

A mixture of probiotic bacteria consisted of Lac-
tobacillus acidophilus (0.65 × 109), Lactobacillus 
rhamnosus (0.4 × 109) and Bifidobacterium longum  
(0.2 × 109) reconstituted in 1 mL of normal saline 
solution, were orally administered to each treatment 
group of piglets individually from birth to 10 days, so 
that each animal received probiotic mixture at a final 
concentration of 1.25 × 109 colony forming unit/day 
[17]. The ZnO was given orally to the treatment group 
of piglets at the rate of 2000 ppm/day from birth to 10 
days of age [4]. The piglets of the control group were 
given the same volume of sterilised saline solution. 

Sample preparation

The experimental animals were anesthetised using 
diazepam at the rate of 2 mg/kg body weight followed 
by ketamine at the rate of 10 mg/kg body weight 
intravenously in the peripheral ear vein and then ex-
sanguinated the animals. The animals were sacrificed 
on days 20, 30 and 60 from both the groups. After 
sacrifice, the animal’s abdominal cavity was exposed, 
and parts of the small intestine were dissected out 
[12]. Tissue samples were taken immediately after 
sacrifice from the duodenum (5 cm caudal to the 
pylorus), jejunum (in the middle of the jejunum) and 
ileum (5 cm cranial to the ileocaecal valve). 

Monoclonal antibodies

The murine monoclonal antibodies (mAbs) reac-
tive with porcine leukocyte surface molecules, i.e., 
cluster of differentiation (CD) antigens or immuno-
globulin A (IgA) molecule on plasma cells, used as 
the primary antibodies (pAbs) to study in situ identi-
fication, distribution and quantification patterns of 
respective lymphoid and non-lymphoid cell subsets 
residing small intestine of experimental piglets are 
listed in Table 1.

Immunofluorescence

Different cell populations of the immune system 
were identified by indirect immunofluorescence (Indi-
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rect-IF) technique [22]. Briefly, small intestinal sections 
that had been cut to a thickness of 5 µm were depa-
raffinised, dehydrated and hydrated to water. After 
antigen retrieval in sodium citrate buffer (10 mM, pH 
6.0), the nonspecific binding sites were blocked by 1% 
bovine serum albumin (30 min at room temperature). 
Then, sections were flooded with a primary monoclo-
nal antibody (BIORAD, Table 1) at a dilution of 1:100 
and incubated overnight (4ºC). Sections were washed 
3 times (5-min each) with washing buffer (phos-
phate buffer saline mixed with 0.035% Tween 20) and 
stained with secondary antibody (anti-mouse IgG- 
-FITC) conjugated with FITC (Sigma-Aldrich, Table 1)  
at a dilution of 1:200 for 60 minutes at room temper-
ature. The excess secondary antibody was removed by 
washing the sections with a wash buffer 3 times for 
5 minutes each. Finally, the sections were mounted 
with mounting media (glycerol). The immunostained 
slides were visualised and photographed under the 
fluorescent light microscope at 400× magnification 
(Olympus BX 51, Japan).

Cells counts of the sections were performed at 
400-fold magnification. Histomorphometric analysis 
of targeted immunopositive cells was counted in  
10 fields (representing a tissue area of about 0.24 mm2)  
from each of the three sampled piglets per group 
[24]. Such counting included villus epithelium, crypt 
epithelium, villus and crypt lamina propria, submu-
cosa and Peyer’s patches. Results were expressed as 
mean counts per unit area. 

Statistical analysis

The data obtained were analysed using statistical 
package SPSS version 20. Differences in cell counts 
were accessed using the Student’s t-test and dif-
ferences between experimental groups by one-way 
ANOVA.

RESULTS
The distribution and number of CD4+, CD8+, IgA+ 

and IgM+ cells in the small intestine of control and 
treated piglets were analysed by indirect immunoflu-
orescence technique. 

CD4+ lymphocytes

The CD4+ T lymphocytes were located in the core 
of the villus (Fig. 1A), crypt area of the lamina propria 
(LP) (Fig. 1B) and Peyer’s patch (PP) area (Fig. 1C) 
of the small intestine in both the group of piglets. 
However, these lymphocytes were concentrated in 
the core of the villus and crypt area of the LP in the 
duodenum as the PP were found to be absent in this 
segment of the intestine. The CD4+ T lymphocytes 
were highly concentrated in the crypt area, followed 
by the PP area and the core of the villus (Fig. 1D). 
These lymphocytes were not observed in the epithe-
lium. The total number of CD4+ T lymphocytes exhib-
ited an increasing trend in LP and PP areas towards 
the higher age in both the groups. In the LP area of 
the current study, the number of cells expressing the  
CD4 co-receptor was increased significantly at day  
60 (p < 0.05) in the duodenum; at day 20 (p < 0.01), 
day 30 (p < 0.05) and day 60 (p < 0.01) in jejunum; 
and day 30 (p < 0.01) and day 60 (p < 0.01) in 
the ileum of piglets fed with probiotic and zinc in 
compared to the control group of piglets (Fig. 2A). 
Similarly, in PP area of this study showed a significant 
increased (p < 0.01) in CD4+ immunopositive cells at 
day 20, day 30 and day 60 in the jejunum of treated 
piglets (Fig. 2B).

CD8+ lymphocytes

The immunopositive CD8+ cells were consistently 
present within the epithelium (Fig. 3A), the core of LP 
(Fig. 3B) and the crypt area (Fig. 3C) of the intestinal 

Table 1. List of primary antibodies and secondary antibody conjugates (conjugated with FITC) used for immunofluorescence  
identification/localisation and morphometric quantification of T and B cell subsets in the small intestine

Antibody Isotype Antibody specificity Cytochrome Target cells/Molecules Origin

Primary

MIL 17 IgG2b CD4a None Helper T lymphocytes Bio-Rad Laboratories, USA

MIL 12 IgG2a CD8a None Cytotoxic T lymphocytes Bio-Rad Laboratories, USA

K61 1B4 IgG1 IgA None IgA+ plasma cell Bio-Rad Laboratories, USA

K52 1C3 IgG1 IgM None IgM+ plasma cell Bio-Rad Laboratories, USA

Secondary

Goat anti-mouse IgG- FITC IgG Mouse IgG FITC Mouse IgG Sigma-Aldrich, USA
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Figure 1. CD4+ T lymphocytes in 30-day-old treated piglets; A. Core of the villus (arrow) in duodenum; B. Crypt lamina propria area (arrow) of 
jejunum (Indirect-IF method, ×400); C. Peyer’s patch area (arrow) of ileum; D. Rich population (arrow) in the crypt area of ileum (Indirect-IF 
method, ×100). 

Figure 2. Localisation of T lymphocytes in the small intestine of control and treatment group of piglets (*p < 0.05, **p < 0.01); A, B. CD4+  
T lymphocytes in lamina propria (LP) and Peyer’s patch (PP) area; C, D. CD8+ T lymphocytes in LP and PP area.
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Figure 3. CD8+ T lymphocytes in 20-day-old treated piglets (Indirect-IF method, ×400); A. Lining epithelium (arrow) of duodenum; B. Core of 
lamina propria area (arrow) in duodenum; C. Crypt area (arrow) of jejunum; D. Peyer’s patch area (arrow) of ileum.

Figure 4. IgA+ B lymphocytes in 60-day-old treated piglets (Indirect-IF method, ×400); A. Crypt area (arrow) of duodenum; B. Core of lamina 
propria (LP) area (arrow) in jejunum; C. Peyer’s patch area of ileum; D. Lining epithelium and LP area along with their secretions (arrow) in 
jejunum.
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Figure 6. IgM+ B lymphocytes in treated piglets; A. Predominant location in the crypt area (arrow) of 60-day-old jejunum (Indirect-IF method, 
×100): B. Crypt area (arrow) in 60-day-old duodenum (Indirect-IF method, ×400); C. Peyer’s patch (PP) area (arrow) in 30-day-old ileum;  
D. Core of the villi (arrow) in 30-day-old jejunum (Indirect-IF method, ×100).

Figure 5. Localisation of B lymphocytes in the small intestine of control and treatment group of piglets (*p < 0.05, **p < 0.01); A, B. IgA+  
B lymphocytes in lamina propria (LP) and Peyer’s patch (PP) area; C, D. IgM+ B lymphocytes in LP and PP area.
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mucosa in both the groups. Moreover, their presence 
was also revealed in the PP area of jejunum and ile-
um (Fig. 3D). The total number of CD8+ cells in the 
current study showed an elevated pattern as per the 
age advancement in both groups. In the LP area, the 
number of CD8+ cells significantly increased at day 20 
(p < 0.01) and day 30 (p < 0.05) in the duodenum; 
at day 20 (p < 0.05) and day 30 (p < 0.05) in the 
jejunum; and at day 20 (p < 0.01) in the ileum of the 
treatment group of piglets (Fig. 2C). Similarly, in the 
PP area of treated piglets, their number increased sig-
nificantly at day 20 (p < 0.01) and day 30 (p < 0.05) in 
the jejunum and, day 20 (p < 0.01), day 30 (p < 0.05)  
and day 60 (p < 0.05) in the ileum (Fig. 2D).

IgA+ lymphocytes 

IgA expressing plasma cells were predominantly 
found in the LP of the crypts (Fig. 4A) irrespective of 
group and age. However, their presence was also ob-
served in the cores of the villi (Fig. 4B) and the PP area 
(Fig. 4C). Some of the IgA+ cells were also observed 
in the epithelium along with their secretion in the LP 
area (Fig. 4D) of treated piglets. In all experimental 
animals, the largest populations of these immuno-
globulin containing cells were found in the duode-
num, followed by jejunum and ileum in the LP area. 
However, these counts were more in the ileum than 
jejunum in the PP area of this study. The total number 
of IgA+ cells was increased with the advancement of 
age in both the control and treatment groups of pig-
lets under study. In the LP area, the mean number of 
IgA+ cells was significantly increased (p < 0.01) in all 
age-groups of the duodenum and significantly higher 
(p < 0.05) at day 20 of jejunum in the treatment 
group of piglets than in the control group (Fig. 5A). 
Similarly, in the PP area of the present study, these 
immunopositive cells were increased significantly  
(p < 0.05) at day 20 and day 30 in the jejunum and 
day 20 in the ileum (Fig. 5B). Furthermore, dietary 
inclusion of probiotic and zinc showed significantly 
higher (p < 0.01) IgA+ cells at the PP area of day 60 
in jejunum and ileum (Fig. 4C).

IgM+ lymphocytes

The IgM+ containing cells were predominantly 
located in the LP region of the crypt area (Fig. 6A, B)  
followed by the PP area (Fig. 6C) and the core of 
the villi (Fig. 6D) irrespective of group and age. The 
IgM+ cells were increased as per the advancement of 
age in both groups. The number of these cells varied 

depending upon segments of the small intestine and 
age-groups in the LP area. However, in the PP area, 
they were more predominantly located in the ileum 
than jejunum irrespective of group and age. In the LP 
area of the current study, the mean number of IgM+ 
cells was significantly increased (p < 0.01) in the 
treatment group of piglets irrespective of segments 
of the small intestine (Fig. 5C). Furthermore, in the PP 
area, these cells were significantly higher (p < 0.01) 
in the treated piglets at day 20 of jejunum and day 
60 of the ileum (Fig. 6D). In addition, in the treated 
piglets, they were increased significantly (p < 0.05) 
at day 30 of the jejunum (Fig. 6D).

DISCUSSION
In the present investigation, the CD4+ T lympho-

cytes were mainly concentrated in the crypt area fol-
lowed by the PP area (jejunum and ileum) and the core 
of the villus. The number of these cells was higher in 
piglets fed with probiotic and zinc than in the control 
group of piglets. In one of the previous studies, it was 
reported that the CD4+ T cells were mainly located 
in the lamina propria and played a central role in 
regulating the immune system [6]. From the present 
findings, it could be concluded that the probiotic 
and zinc might be the main influencing factor for the 
changes of CD4+ T cells. Increased CD4+ T cells in the 
treatment group could modulate the production and 
secretion of secretory IgA (SIgA) by secreting cytokines 
[3] and provide better and effective immunity to this 
group of piglets. The total number of CD8+ cells in 
the current study was higher in the treated group of 
piglets in all the segments of the small intestine. The 
higher number of CD8+ subpopulations present in 
the treatment group piglets might enhance defence 
against pathogens by cytotoxic CD8+ cells or mainte-
nance and enhancement of the epithelial integrity by 
gd CD8+ cells [7]. As per a previous study conducted by 
Galina et al. [8] probiotics have been found to increase 
(p < 0.05) the number of intraepithelial lymphocytes 
and the density of CD3+ cells in Peyer’s patches and 
lamina propria. The CD19 marker assists the expression 
of all B lineage cells [23] and a study proved that the 
supplementation of zinc showed a higher percent-
age of CD19+ lymphocytes in human [11]. However, 
analysis of the CD3+ and CD19+ lymphocytes was not 
performed in the present investigation.

In the present study, IgA expressing plasma cells 
were predominantly found in the LP of the crypts, 
irrespective of group and age. In addition, some of the 
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IgA+ cells were also observed in the epithelium along 
with their secretion in the LP area of treated piglets. 
In agreement with our findings, the other authors 
reported more populations of these immunoglobu-
lin containing cells in the LP area of the duodenum, 
followed by jejunum and ileum [2]. However, these 
counts were more in the ileum than jejunum in the 
PP area of this current study. The mean number of 
IgA+ cells was higher in the treatment group of piglets 
compared to control animals in all segments of the 
small intestine. The highly significant increase of IgA+ 
cells of the duodenum in all age-groups of treated 
piglets might be correlated with more immunoglob-
ulin-producing cells in the duodenum, which might 
ensure a fast reaction to potential pathogens [6]. The 
secretory IgA of gut mucosa was an antibody isotype 
specialised in mucosal protection that played an es-
sential role as the first line of defence and aided in 
regulating bacteria-host interaction [16]. The antigen 
uptake of probiotic bacteria in the treatment group 
of piglets of the present study could be carried out by  
M cells or might be sampled by dendritic cells. Further-
more, the microenvironment cytokines would favour 
the clonal expansion of IgA B lymphocytes, increasing 
the number of IgA-producing cells and their passage 
to plasmatic cells in the different intestinal tissue of 
the gut. The higher number of IgA+ cells present in the 
treatment group could be concluded with better mu-
cosal protection by boosting the immune system. In 
the current study, the number of IgM+ cells was found 
to be more in the PP area as compared to IgA+ cells, 
which was correlated with the findings of the previous 
study in pigs [2]. The more number of IgM+ cells in 
the PP area observed in the present study might be 
indicated that IgM was the first antibody to appear 
in response to initial exposure to an antigen [1].  
In the present observation, the mean number of 
IgM+ cells was higher in treated piglets irrespective 
of segments of the small intestine. In the previous 
study, it was documented that IgM bound to the 
polyimmunoglobulin receptor, which was an Fc re-
ceptor that facilitated the transcytosis of the soluble 
polymeric isoforms of IgA [13]. Polyimmunoglobulin 
receptor were mainly located on the epithelial lining 
of mucosal surfaces of the gastrointestinal tract. In 
this way, the IgM reached the mucosal surface and 
enhanced mucosal immunity. In the treatment group 
of the present study, an increased number of IgA+ 
cells provided the environment to bind with IgM+ 
cells by the pIgR and transported the IgM+ cells to 

the apical mucosal epithelial cell surface. This might 
lead to better mucosal immunity in the treatment 
group of piglets.

CONCLUSIONS
The findings of the present study indicate that 

dietary supplementation of probiotic and zinc posi-
tively affected immune response in piglets that might 
help in promoting intestinal health, and improving 
piglet growth in pre and post-weaned period of life. 
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Background: This study aimed to characterise and evaluate the main markers 
of T lymphocytes, B lymphocytes, immunoglobulin (Ig) A and IgG plasmocytes, 
macrophages, and dendritic cells of the intestinal mucosa of newborn yaks. 
Materials and methods: Ten newborn yaks (2–4 weeks old) were chosen. Im-
munohistochemistry and real-time quantitative polymerase chain reaction were 
used to analyse the immune cell distribution and specific markers at the mRNA 
expression level in the duodenum, jejunum, and ileum. 
Results: The results showed in the epithelium, CD3e-positive T lymphocyte 
levels were higher than other immune cell levels (p < 0.05). Additionally, in the 
lamina propria, the number of cells positive for CD3e, CD68, and signal inhibi-
tory regulatory protein alpha (SIRPa) were higher in the villi, while CD79a, IgA 
and IgG cells were more common at the base of the crypt. Moreover, both in 
the epithelium and lamina propria, the number of CD3e, CD68 and SIRPa were 
decreased from the duodenum to the ileum (p < 0.05), additionally the number 
of CD79a, IgA and IgG positive cells were increased from the duodenum to the 
ileum of newborn yaks (p < 0.05). Furthermore, the mRNA expression levels of 
CD3e, CD68, and SIRPa increased from the duodenum to the ileum (p < 0.05), 
while the mRNA expression levels of CD79a, IgA and IgG decreased from the 
duodenum to the ileum. 
Conclusions: Immunohistochemical characterisation and expression levels of 
immune factors in the small intestinal mucosa of newborn yaks suggest that the 
intestinal mucosa is an important part of the natural barrier and provides useful 
references for immunity functions of newborn yak intestinal mucosa. (Folia Mor-
phol 2022; 81, 1: 91–100)

Key words: newborn yaks, small intestine, mucosa, immunity cell

INTRODUCTION
Domesticated yaks are a valuable breed resource 

in the Qinghai-Tibet Plateau. They have unique eco-
logical characteristics and are valued for their meat, 
draft and milk [19]. Highland pastoral areas are cur-

rently dominated by traditional grazing yak breed-
ing; however, due to the harsh plateau environment, 
extensive management, and the influence of patho-
genic factors, the intestinal mucosal immune barrier 
of yaks is highly susceptible to damage. Therefore, 
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the incidence of gastrointestinal function disorder, 
inflammatory bowel disease, and infectious diarrhoea 
disease is high. These illnesses increase the length of 
the growth cycle and, as a result, the yak develops 
slowly. The mortality rate of newborn yaks is as high 
as 30% [9], which causes serious damage to the 
development of agriculture. Therefore, in order to 
improve yak survival and productivity, it is imperative 
to understand the characteristics of the small intesti-
nal mucosal immune cells of yaks. 

The small intestinal tract contains the largest 
number of immune cells, comprising a heterogene-
ous population of T and B lymphocytes, plasmocytes, 
macrophages, dendritic cells and a variety of non-pro-
fessional antigen-presenting cells [8, 18]. Appropri-
ate interactions between these different cell types 
are essential for generating immune responsiveness 
or tolerance to a large array of environmental anti-
gens. The previous study analysed the distribution and 
population of immunocompetent cells in the small in-
testine of sheep, pigs, calves and mice [4, 6, 21, 22].  
However, due to the limitation of the global yak distribu-
tion, there are few reports on the immune cells of yaks.

The aim of the present study was to provide basic 
data on the characteristics of immune cells and fac-
tors in the small intestine of healthy newborn yaks. 
We used CD3e, CD79a, immunoglobulin (Ig) A, IgG, 
CD68, and signal inhibitory regulatory protein alpha 
(SIRPa) to characterise T and B lymphocytes, plasmo-
cytes, macrophages, and dendritic cells in the small 
intestine of newborn yaks, and assayed the mRNA 
expression levels of immune cell-specific markers. 

MATERIALS AND METHODS
Animals and tissues collection

All experimental animals were handled according 
to the Animal Ethics Procedures and Guidelines of the 
People’s Republic of China and were approved by the 
Institutional Animal Care and Use Committee of the 
College of Veterinary Medicine of Gansu Agricultural 
University. All yaks were considered healthy based 
on the results of physical examination and serum 
biochemical analysis. The animals were euthanased 
with an intravenous injection of pentobarbital sodium 
(200 mg/kg). To maintain the original habitat of the 
animals, the yaks were sacrificed, and samples were 
collected from local farms.

Ten newborn yaks (2–4 weeks old) were obtained 
on a local farmer in Xining City, Qinghai Province. The 
small intestinal regions (duodenum, jejunum, and 

ileum) were excised from each animal and samples 
were taken for immunohistochemical and polymer-
ase chain reaction (PCR) analysis. All specimens in-
tended for immunohistochemical analysis were fixed 
in 4% neutral paraformaldehyde phosphate buffer  
(pH 7.3). Specimens intended for real-time quanti-
tative PCR (RT-qPCR) were flash frozen and stored in 
liquid nitrogen until further processing.

Relative RT-qPCR

Total RNA was isolated from the small intestine 
using TRIzol reagent (Invitrogen, Carlsbad, CA, USA). 
RNA was reverse transcribed to single-stranded cDNA 
using a reverse transcription kit (MBI Fermentas, 
Burlington, ON, Canada) according to the manufac-
turer’s instructions. The RT-qPCR primers were de-
signed according to the Bos grunniens CD3e, CD79a, 
IgA, IgG, CD68, SIRPa, and b-actin gene sequences 
(GenBank accession numbers: KY911279, KY911280, 
MG432919, MF099643, KY921959, MH347358, and 
DQ838049, respectively) using Primer 5 software and 
synthesised by the Beijing Genomics Institute BGI 
Company (China). The RT-qPCR primer sequences are 
presented in Table 1. RT-qPCR was conducted using 
a Light-Cycler480 thermocycler (Roche, Manheim, 
Germany) in 20-μL reaction volumes consisting of  
1 μL cDNA, 1 μL forward primer, 1 μL reverse primer, 
10 μL 2× SYBR Green II PCR Master Mix (TaKaRa, Shi-
ga, Japan), 0.4 μL Rox, and 6.4 μL nuclease-free H2O. 
Four replicates were set for each sample to ensure 
the accuracy of the relative expression of the target 
genes in the sample. After amplification, according 
to the system-generated Ct value, the 2−DDCt method 
was used with b-actin as an internal standard to 
obtain the relative expression of CD3e, CD79a, IgA, 
IgG, CD68 and SIRPa mRNA.

Immunohistochemical examination

The spatial distribution of cells positive for CD3e, 
CD79a, IgA, IgG, CD68 and SIRPa in the small intestine 
of newborn yaks was evaluated by immunohistochem-
ical staining. Fixed tissue sections were mounted on 
microscope slides in a routine manner and exposed to 
primary antibodies against CD3e (monoclonal rabbit 
anti-cow CD3e, Abcam, Cambridge, UK; ab16669, 
1:200 dilution), CD79a (monoclonal mouse anti-cow 
CD79a, Abcam; ab199001, 1:100 dilution), IgA (pol-
yclonal rabbit anti-cow IgA, Abcam; ab112630, 1:100 
dilution), IgG (polyclonal rabbit anti-cow IgG, Abcam; 
ab6692, 1:100 dilution), SIRPa (polyclonal rabbit an-
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ti-cow SIRPa, Abcam; ab116254, 1:100 dilution), and 
CD68 (polyclonal rabbit anti-cow CD68, Abbiotec, San 
Diego, USA; No:252281, 1:100 dilution) for 2 h at 37°C 
in a moist chamber. Biotinylated secondary antibod-
ies were applied for 10 min. Streptavidin-conjugated 
peroxidase was then applied to the slides for 10 min. 
The reaction products were formed using 3,3-diam-
inobenzidine tetrahydrochloride. The sections were 
lightly counterstained with haematoxylin. The negative 
control for each sample was created by replacing the 
primary antibody with serum albumin; all other steps 
and conditions remained the same.

Examination of sections

The sections were examined under a light micro-
scope with image analysis software (Image-Pro Plus, 
Media Cybemetics, Silver Spring, MD, USA). Cells 
positive for CD3e, CD79a, IgA, IgG, SIRPa and CD68 
in the small intestine of newborn yaks were evaluated. 
Subjective analysis of the distribution of positively 
labelled cells in the lamina propria and epithelial 
compartments was performed using a ×40 objective. 

In each tissue sample, the number of positively 
labelled cells was determined in three standard areas 
(Fig. 1) of the lamina propria: the villi, the upper crypt, 
and the base of the crypt. Five images were randomly 
chosen for each of these areas. Results were expressed 
as cells per 10000 μm2 of lamina propria tissue [7]. 
Intraepithelial immune cells were assessed by count-
ing positively labelled cells in five areas (each of 100 
enterocytes) of the epithelium, and the results were 

expressed as the mean number of cells/100 entero-
cytes. Repeated independent counts were performed 
on five serial sections from the same tissue block to 
assess the precision of both the lamina propria and 
epithelial cell counting techniques.

Statistical analysis

All statistical analyses were performed using SPSS 
(version 21.0; IBM Corp., Armonk, NY, USA). The rel-
ative mRNA levels and positive cell numbers among 
the study groups are expressed as mean ± standard 
error. Statistical significance was determined using 
one-way analysis of variance and was set at p < 0.05.

RESULTS
Morphological analysis of the crypt-villus axis

The small intestinal mucosa of newborn yaks can 
be divided into three layers: the epithelium, lamina 

Figure 1. Diagram of small intestinal epithelium and lamina propria 
to demonstrate the areas used for counting.

Table 1. Primers used in this study

Genes Primer names Primer sequences (5’-3’) Length (bp) Annealing (°C)

CD3e P1 F: GGGCTCATAGTCTGGATTGG 155 57

P2 R: TGTGTCACTCTGGGCTTGC

CD79a P3 F: ACGGCAAGAAGATTCAGCG 182 60

P4 R: CCAAGGAGGCAATAGGAG

IgA P5 F: GGTTCACAGGACCCAGA 227 57

P6 R: AGCACCTAGTGAAGCCC

IgG P7 F: AACCAACACCACAGGAAC 208 60

P8 R: AGTGTAGTCTCCTATTGCCT

CD68 P9 F: TGAGAGGAGCAAGTGGGA 194 56

P10 R: GTGGACATCATCCTGGCTGG

SIRPa P11 F: ATCCTGCTGCCCGCTGTA 215 60

P12 R: AACAGTTGGGCGGCGAG

b-actin P13 F: AGGCTGTGCTGTCCCTGTATG 207 60

P14 R: GCTCGGCTGTGGTGGTAAA
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propria and mucosal muscle. The morphological pa-
rameters of the crypt-villus axis in the small intestine 
include villous height, crypt depth, and the ratio of 
villous height to crypt depth (Fig. 2A–C). The villous 
height was highest in the jejunum, followed by the 
ileum and the duodenum (p < 0.05) (Fig. 2D). Crypt 
depth was higher in the jejunum and ileum than in 
the duodenum (p < 0.05) (Fig. 2E). Moreover, there 
were no differences between the jejunum and ileum 
(p > 0.05). Furthermore, the ratio of villous height 
to crypt depth was higher in the jejunum and ileum 
than in the duodenum (p < 0.05) (Fig. 2F).

CD3e, CD79a, IgA, IgG, CD68 and SIRPa  
mRNA expression

The relative expression levels of CD3e, CD79a, IgG, 
IgA, CD68 and SIRPa mRNA differed between the du-
odenum, jejunum and ileum of newborn yaks (Fig. 3).  
Within the same intestinal region, the expression lev-
els of CD3e, CD68 and SIRPa mRNA were significantly 
higher than those of CD79a, IgA and IgG. Addition-
ally, in the different intestinal regions, CD3e, CD68 
and SIRPa mRNA expression levels increased from the 
duodenum to the ileum (p < 0.05), while the mRNA 
expression levels of CD79a, IgA and IgG decreased 
from the duodenum to the ileum.

CD3e-positive T lymphocytes in the small  
intestinal mucosa

The membrane staining of CD3e-positive cells was 
located in the epithelium and lamina propria of the 
small intestinal mucosa of newborn yaks (Fig. 4A–C).  
In the epithelium, the number of CD3e-positive  
T lymphocytes increased from the duodenum to the 
ileum, peaking at the ileum (p < 0.05) (Fig. 5). The 
difference between the duodenum and jejunum was 
not significant (p > 0.05). In the lamina propria, 
CD3-positive T lymphocytes increased from the basal 
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Figure 2. Morphological characteristics and analysis (including villous height, crypt depth, and ratio of villous height to crypt depth) of the 
small intestinal mucosa in newborn yaks; A–C. The histological section of the duodenum, jejunum and ileum in newborn yaks (HE, ×100);  
D. The villous height of the duodenum, jejunum and ileum in newborn yaks; E. The crypt depth of the duodenum, jejunum and ileum in new-
born yaks; F. Ratio of villous height to crypt depth of the duodenum, jejunum and ileum in newborn yaks. Bars with different superscripts are 
significantly different (p < 0.05). The results were presented as mean ± standard error; E — mucosal epithelium; LP — lamina propria;  
MM — muscularis mucosa.

Figure 3. Relative abundance of CD3e, CD79a, immunoglobulin A 
(IgA), immunoglobulin G (IgG), CD68 and signal inhibitory regula-
tory protein alpha (SIRPa) mRNA in the duodenum, jejunum and 
ileum of newborn yaks. Bars with different superscripts are signif-
icantly different (p < 0.05). Data are normalised and presented as 
ratio mean ± standard error, with b-actin as an internal control.
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Figure 4. A–R. Immunohistochemical staining of cells expressing CD3e, CD79a, immunoglobulin A (IgA), immunoglobulin G (IgG), CD68 and 
signal inhibitory regulatory protein alpha (SIRPa) in the duodenum, jejunum and ileum of newborn yaks; E — mucosal epithelium; LP — lami-
na propria. Arrows show the positive cells (brown). Bar = 50 μm (low-power lens), bar = 20 μm (high-power lens on the upper right).
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crypt to the villi (Fig. 6A). Additionally, the number of 
CD3-positive cells in the lamina propria was higher in 
the ileum than in the duodenum and jejunum.

CD79a-positive B lymphocytes in the small 
intestinal mucosa

The membrane staining of CD79a-positive B lym-
phocytes was localised to the epithelium and lamina 
propria of the small intestinal mucosa of newborn 
yaks (Fig. 3D–F). CD79a-positive B lymphocyte levels 
were highest in the epithelium of the duodenum and 
then decreased from the duodenum to the ileum 
(p < 0.05) (Fig. 5). Additionally, in the lamina pro-
pria, CD79a-positive B lymphocytes increased from 
the villi to the basal crypt. Moreover, the number of 
CD79a-positive B lymphocytes in the lamina propria 
was higher in the duodenum than in the ileum and 
jejunum (p < 0.05) (Fig. 6B). 

IgA- and IgG-positive plasmocytes in the small 
intestinal mucosa

IgA and IgG markers stained the cytoplasm of the 
plasmocytes. Positive cells appeared in the epithelium 
and lamina propria of the small intestinal mucosa 
of newborn yaks (Fig. 3G–L). IgA- and IgG-positive 
plasmocytes were highest in the epithelium of the 
duodenum but decreased from the duodenum to 
the ileum (p < 0.05) (Fig. 5). There were no signif-
icant differences between the duodenum and the 
ileum. Furthermore, in the lamina propria, IgA- and 
IgG-positive plasmocytes increased from the villi to 
the basal crypt in all regions of the intestine, peaking 
in the basal crypt (p < 0.05) (Fig. 6C, D). Moreover, 

the number of IgA- and IgG-positive plasmocytes in 
the lamina propria was higher in the duodenum than 
in the ileum and jejunum. 

CD68-positive macrophages in the small  
intestinal mucosa

CD68-positive macrophages presented as large, 
irregular, or elongated cells scattered in the epi-
thelium and lamina propria of the small intestinal 
mucosa of newborn yaks (Fig. 3M–O). In the epithe-
lium, CD68-positive macrophages increased from 
the duodenum to the ileum, peaking in the ileum 
(p < 0.05) (Fig. 5). The difference between the duo-
denum and jejunum was not significant (p > 0.05). 
Furthermore, in the lamina propria, CD68-positive 
macrophages increased from the basal crypt to the 
villi in all regions of the intestine, peaking in the 
villi (p < 0.05) (Fig. 6E). Additionally, the number 
of CD68 positive macrophages in the lamina propria 
was higher in the ileum than in the duodenum and 
jejunum (p < 0.05).

SIRPa-positive dendritic cells in the small  
intestinal mucosa

Strong SIRPa cytoplasmic staining of dendritic 
cells was observed in the epithelium and lamina 
propria of the small intestinal mucosa of newborn 
yaks (Fig. 3P–R). SIRPa-positive dendritic cell num-
bers were higher in the epithelium of the ileum and 
jejunum than in the epithelium of the duodenum  
(p < 0.05) (Fig. 5). Furthermore, in the lamina propria, 
SIRPa-positive dendritic cells increased from the basal 
crypt to the villi, peaking in the villi (p < 0.05) (Fig. 6F).  
Moreover, the number of SIRPa-positive dendritic cells 
in the lamina propria was higher in the ileum than in 
the duodenum and jejunum.

DISCUSSION
Many studies have focused on immunocompetent 

cells in various species, including lambs [4], calves [6], 
pigs [21], and mice [22]. However, there are limited 
data available on the small intestine of newborn yaks. 
To our knowledge, this is the first study to investigate 
the distribution of immunocompetent cells of the 
mucosa and to characterise the changes in these cell 
markers in the small intestine of newborn yak.

The inner surface of the small intestine is covered 
with finger-like projections called villi that increase the 
surface area available for the absorption of nutrients 
from the gut content. The villi increase the length of 

Figure 5. The number of CD3e, CD79a, immunoglobulin A (IgA), 
immunoglobulin G (IgG), CD68 and signal inhibitory regulatory 
protein alpha (SIRPa) positive cells in mucosal epithelium from the 
duodenum, jejunum and ileum of newborn yaks. Bars with different 
superscripts are significantly different (p < 0.05). Data are nor
malised and presented as mean ± standard error (SE) of cells/ 
/100 enterocytes.
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the small intestine and therefore increase the like-
lihood of a food particle encountering a digestive 
enzyme and being absorbed across the epithelium 
and into the bloodstream [13]. In the present study, 
the largest villous height was observed in the jejunum 
of newborn yaks; thus, the highest rate of absorption 
may occur in the jejunum. On the other hand, Zhou 
[28] reported crypts are formed by secretory epithelial 
cells. In this study, the deepest crypt depths were lo-
cated in the jejunum and ileum of the newborn yaks, 
indicating the highest rate of digestion occurs in the 
jejunum and ileum of newborn yaks. Furthermore, 
the ratio of villous height to crypt depth reflected 
the functional state of the small intestine, with a high 
ratio indicating a high elimination and absorption 
function [28]. We also found that the ratio of villous 
height to crypt depth was higher in the jejunum and 
ileum than in the duodenum. This may indicate that 

the highest rate of absorption and digestion occurs 
in the jejunum and ileum of newborn yaks.

Possessing the characteristics of both innate and 
adaptive immunity, T lymphocytes in the mucosa 
serve as an effective first-line defence against invasive 
microorganisms [23]. CD3e is an important differen-
tiation antigen on the surface of the T lymphocyte 
membrane and a characteristic marker of mature 
T lymphocytes [10]. We found that the number of 
CD3e-positive T lymphocytes was higher in the epi-
thelium and lamina propria of the ileum than those 
of the duodenum. Consistently, in cats, calves, and 
goats, the total number of T lymphocytes is greatest 
in the ileum [4, 6, 24]. Ma reported that CD3e-positive 
T lymphocytes in the mucosa of the small intestine 
can rapidly respond to microbial invasion by acti-
vating host defence responses, including the pro-
duction of mucus and antimicrobial peptides, which 

Figure 6. The number of CD3e (A), CD79a (B) , immunoglobulin A (IgA) (C), immunoglobulin G (IgG) (D), CD68 (E) and signal inhibitory regu-
latory protein alpha (SIRPa) (F) positive cells in mucosal lamina propria from duodenum, jejunum and ileum of newborn yaks. Bars with differ-
ent superscripts are significantly different (p < 0.05). Data are normalised and presented as mean ± standard error (SE) of cells/10000 μm2.

M
ea

ns
 ±

 S
E 

of
 c

ell
s/

10
00

0 
µm

2

in
 s

m
all

 in
te

st
in

e
A

Duodenum IleumJejunum

The villus
Upper crypt
Base of the crypt

b b

a

c
d

e e
e e

20
18
16
14
12
10

8
6
4
2
0

d

B

d d

d

Duodenum IleumJejunum

M
ea

ns
 ±

 S
E 

of
 c

ell
s/

10
00

0 
µm

2

in
 s

m
all

 in
te

st
in

e

The villus
Upper crypt
Base of the crypt

14

12

10

8

6

4

2

0

c
c

b b
a

Duodenum IleumJejunumM
ea

ns
 ±

 S
E 

of
 c

ell
s/

10
00

0 
µm

2

in
 s

m
all

 in
te

st
in

e

C The villus
Upper crypt
Base of the crypt

d e
e

c

12
10

8
6
4
2
0

-2

b

d

a
b

a

Duodenum IleumJejunum
M

ea
ns

 ±
 S

E 
of

 c
ell

s/
10

00
0 

µm
2

in
 s

m
all

 in
te

st
in

e

D The villus
Upper crypt
Base of the crypt

c d c
b

7
6
5
4
3
2
1
0

-1
-2

b cb b

a

E The villus
Upper crypt
Base of the crypt

Duodenum IleumJejunum

M
ea

ns
 ±

 S
E 

of
 c

ell
s/

10
00

0 
µm

2

in
 s

m
all

 in
te

st
in

e

b
a a

b

10
8
6
4
2
0

-2
-4

b bb

c
c

F The villus
Upper crypt
Base of the crypt

Duodenum IleumJejunum

M
ea

ns
 ±

 S
E 

of
 c

ell
s/

10
00

0 
µm

2

in
 s

m
all

 in
te

st
in

e d c

a

e

10

8

6

4

2

0

-2

-4

b

d

b
e

f

file:///C:/Users/tkowalewski/Desktop/FM/javascript:;


98

Folia Morphol., 2022, Vol. 81, No. 1

help prevent microbes from reaching the epithelial 
surface [14]. Additionally, during active infection,  
T lymphocytes in the mucosa promote epithelial cytol-
ysis and cytokine and chemokine production, which 
serve to limit pathogen invasion, replication, and 
dissemination [17]. The distribution characteristics of 
CD3e-positive T lymphocytes in the intestinal mucosa 
in this study suggest that cellular immunity of the 
intestinal mucosa of newborn yaks mainly occurs in 
the ileum. Furthermore, we found that the number of 
CD3e-positive cells in the lamina propria was higher 
in the villi than in either of the two crypt regions in 
newborn yaks. The increase in T lymphocyte density 
towards the villous tip likely reflects the increased 
exposure to luminal antigens at this site.

CD79a is a common marker of B lymphocytes 
that plays a key role in B lymphocyte antigen recep-
tor signal transduction, development, stabilisation, 
and function [20]. In the present study, a significant 
number of CD79a-positive cells were observed in the 
basal crypt area of the lamina propria. Wang reported 
that B cells of the lamina propria have an increased 
expression of surface activation markers and exhibit 
spontaneous immunoglobulin secretion [25]. This 
indicates that the basal crypt area may be the site of 
B cell terminal differentiation in the development of 
immune responses against intestinal antigens. The 
present study showed a higher number of B lympho-
cytes in the duodenal epithelium and lamina propria 
of newborn yaks than in the ileum; similar results 
have been obtained in lambs and calves [4, 6]. We 
speculated that the duodenum is likely the first site to 
come into contact with foreign antigens and activate 
immune responses. Therefore, the duodenum contains 
a higher number of B lymphocytes which are stimu-
lated by antigens and involved in humoral immunity.

IgA- and IgG-positive cells are important immu-
noglobulin secretory cells. Yasuda et al. [27] reported 
the distribution and quantity of IgA and IgG have 
been reported to be directly related to the antibody 
secretion level, and thus reflect the local cellular im-
mune function, of the small intestinal mucosa. In the 
present study, a greater number of plasmocytes were 
found in the base of the crypt than in the villi and up-
per crypt. This indicates that the base of the crypt is a 
potential site of B lymphocyte terminal differentiation 
into plasma cells. In both the epithelium and lamina 
propria, the total number of IgA- and IgG-positive 
plasma cells was higher in the duodenum than in the 
jejunum and ileum of newborn yaks. These results 

are in general agreement with those found in calves, 
where the total number of plasmocytes is greatest 
in the duodenum [27]. Wu et al. [26] reported that, 
by binding to and entrapping antigens in the mucus 
layer, IgA and IgG limit their access to the mucosa 
and promote antigen degradation by enzymes within 
the lumen. Thus, IgA and IgG may provide a backup 
system in which antigens that have penetrated the 
mucosal barrier may be cleared by secretory com-
ponent-mediated transport in the liver [26]. These 
findings also reflect that the duodenum is a potential 
major site of effector function for plasma B lympho-
cytes. It was likely related to duodenal antigens, bile 
salts, pancreatic secretions, and other local factors 
that stimulate the production and maturation of 
antibody-secreting cells. 

CD68 is widely used as a marker for intestinal mac-
rophages [16]. Muller reported that, in non-inflamed in-
testinal mucosa, the lamina propria extracellular matrix 
releases transforming growth factor beta and interleu-
kin-8, which then recruit blood monocytes to the lamina 
propria to become resident macrophages [16]. Farache 
et al. [5] previously showed that functions of intestinal 
macrophages include antigen presentation, phagocy-
tosis, and production of immune-regulatory factors. In 
the present study, CD68-positive macrophages were 
observed in the epithelium. Mowat reported that the 
main function of most lamina propria macrophages is 
to phagocytose bacteria (both commensals and patho-
gens) crossing the epithelium without evoking a strong 
inflammatory response [15]. Thus, we speculated that 
epithelial macrophages in the small intestine of yaks 
may capture and present antigens to lymphocytes, and 
may also be engaged in the phagocytosis of senescent 
intestinal epithelial cells. The number of CD68-positive 
macrophages in the lamina propria was higher in the 
villi than in the other regions of newborn yaks. Simi-
larly, Bain and Schridde [1] reported that macrophage 
concentrations were highest in the villi of the intestinal 
lamina propria. This result suggests that the villi may 
play a larger role in antigen stimulation and macrophage 
recruitment than other areas of the lamina propria. In-
terestingly, macrophages positive for CD68 were more 
commonly found in the epithelium and the lamina pro-
pria of the ileum than in other regions of the intestine. 
This suggests that the ileal mucosa of newborn yaks may 
be more susceptible to antigen capture and processing 
than the mucosa of the duodenum and jejunum. 

Dendritic cells express SIRPa [2]. Mucosal dendrit-
ic cells are a key link between innate and acquired 
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immunity via their roles in antigen presentation and 
regulation of T cell activation [2]. In the present study, 
SIRPa-positive dendritic cells were observed in the 
epithelium of the small intestine of newborn yaks. 
It has been previously suggested that dendritic cells 
can extend their dendrites into the lumen between 
epithelial cells to handle antigens. In this study, we 
found a higher number of SIRPa-positive cells in the 
villi of the lamina propria. We believe the appearance 
of abundant SIRPa-positive cells in the villi of the lam-
ina propria was because the site is easily exposed to 
lymphocytes and bacterial or dietary antigens. Further-
more, we found that SIRPa-positive cell concentrations 
were higher in the epithelium and lamina propria of the 
ileum and jejunum of newborn yaks. The distribution 
trend was similar to that for T lymphocytes. Coombes 
and Powrie [3] showed that dendritic cells expressing 
the chemokine receptor CCR6 could activate T lympho-
cytes in response to bacterial invasion. Previous reports 
have indicated that the wide distribution of dendritic 
cells in the ileum and jejunum play critical roles in the 
regulation of intestinal immunity, antigen uptake, and 
T lymphocyte activation [3, 11, 12].

In this study, RT-qPCR was used to detect specific 
immune cell markers. The mRNA expression levels of 
CD3e, CD68, and SIRPa were significantly higher than 
those of CD79a, IgA, and IgG in the same intestinal 
regions. Thus, we speculate that in the small intestine 
of newborn yaks, T lymphocytes, macrophages, and 
dendritic cells may be more abundant than B lympho-
cytes and plasmocytes. Additionally, we also found 
that the mRNA expression levels of CD3e, CD68, and 
SIRPa were higher in the ileum, whereas CD79a, IgA, 
and IgG mRNA expression levels were higher in the 
duodenum. These observations indicate that local 
humoral immunity may occur more commonly in 
the ileum, while cellular immunity may occur more 
commonly in the duodenum.

CONCLUSIONS
In summary, we immunohistochemically charac-

terised immune cells in the small intestinal mucosa 
and analysed the mRNA expression level of immune 
factors in the small intestine of newborn yaks. In the 
epithelium CD3e-positive T lymphocytes were more 
popular than the other immune cells. In the lamina 
propria, CD3e-positive T lymphocytes, CD68-posi-
tive macrophages and SIRPa-positive dendritic cells 
were more highly concentrated in the villi, while 
CD79a-positive B lymphocytes, and IgA- and IgG-pos-

itive plasmocytes were more prevalent in the base of 
the crypt. Furthermore, a higher number of T lympho-
cytes, macrophages and dendritic cells were located 
in the epithelium and lamina propria of the ileum 
than those of the duodenum and jejunum; B lym-
phocytes, and IgA and IgG plasmocytes were more 
likely to be observed in the epithelium and lamina 
propria of the duodenum of newborn yaks than those 
of the jejunum and ileum. These findings suggest 
that cellular immunity and antigen presentation are 
more readily activated in the epithelium, the villi of 
the lamina propria, and the ileal mucosa of the small 
intestine of newborn yaks, while humoral immune 
cells are mostly concentrated in the base of the crypt 
of the lamina propria and duodenal mucosa. The re-
sults from this study will provide information on the 
baseline characteristics of immune cells in the small 
intestine of newborn yaks and serve as a reference for 
future studies on various immunologic reactions in 
both healthy yaks and those with digestive diseases.
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Background: The pancreas is an exo-endocrine organ that undergoes rapid 
autolysis soon after death, which limits its utility in academics and research. The 
timeline of autolytic changes of pancreatic islets and its immunoreactivity is lim-
ited in the literature. Decay score has been used to grade the autolytic changes 
in organs like the brain, lung and liver. However, reports are not available in the 
pancreas/pancreatic islets. Knowledge regarding the decay score may be used 
as a torchbearer for the immunoreactivity of human pancreatic islets in autopsy 
cases. The present study is aimed to provide an optimal cut-off time based on 
the decay score before which pancreatic specimens should be collected for the 
purpose of immunohistochemical studies (IHC) of pancreatic islets. 
Materials and methods: Serial sections of 20 adult human pancreases obtained 
from the autopsy were subjected to haematoxylin and eosin (H&E) and immu-
nohistochemical staining. Autolytic changes of pancreatic islets were graded by 
using decay score in H&E sections, which was compared with the results of the 
immunohistochemical reactivity of pancreatic islets in IHC sections. 
Results and Conclusions: Pancreatic islets immunoreactivity was found to be well 
preserved in the samples collected early within 9 hours with a decay score of less 
than 1.4. There was an inverse relation of decay score and immunoreactivity of 
pancreatic islets. The decay score of less than 1.4 has better-preserved immunore-
activity than having more than 1.4. This knowledge will help researchers working 
in the field of the endocrine pancreas. (Folia Morphol 2022; 81, 1: 101–106)

Key words: autolysis, pancreatic islets, immunohistochemistry, decay 
score, human pancreas

INTRODUCTION
Brain-dead organ donors and autopsy are the two 

major sources of whole human pancreatic tissue for 
academics and research [8, 10, 15, 17]. The availability 
of brain-dead donor pancreas is limited in developing 
countries. Thus, the autopsy is the only source of the 
whole pancreatic tissue, yet its utility is limited by 

the appearance of early autolytic changes following 
death [4, 6, 13]. Well-preserved micro-architecture 
and immunogenicity are the integral part of any his-
tological and immunohistochemical studies (IHC) on 
pancreas, including islets. A review of studies on the 
human pancreas did not reveal any standardised cut 
off time following death within which the specimen 
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has to be collected for IHC of pancreatic islets. Decay 
score has been used to grade the autolytic changes in 
organs like the brain, lung and liver. However, decay 
score grading of autolytic changes is not performed 
in the pancreas/pancreatic islets. The present study 
is aimed to provide an optimal cut-off time based on 
the decay score before which pancreatic specimens 
should be collected from autopsy for the purpose of 
IHC of pancreatic islets. 

MATERIALS AND METHODS
Pancreas collection:

A total of 20 autopsy specimens of the adult 
human (age range 23–75 years) pancreas were col-
lected after the approval of the Institutional Ethical 
Committee (vide approval No. IEC/AIIMS BBSR/PG 
Thesis/2017-18/22). The cause of death, time since 
death and existence of other co-morbid conditions 
were documented (Table 1). In most of the cases, the 
cause of death was road traffic accident and none 
of the cases were associated with chronic diseases 
like diabetes. Pancreatic specimens with congenital 
anomalies or showing gross abnormalities like a cyst, 
tumour was excluded.

The incision was made over the constricted neck 
region of the pancreas (in relation to portal vein) to 
divide the head from the rest of the pancreas. Then 
the rest of the pancreas was divided into two equal 
parts (body and tail) as described in the previous 
studies [3, 12]. After overnight fixation in 10% neutral 
buffered formalin solution, the whole coronal section 
and horizontal section of the pancreatic head, body 
and tail were again subdivided into small sub-blocks 
(approximately 40 sub-blocks were obtained from 
each pancreas). All the well-labelled sub-blocks were 
fixed in 10% neutral buffered formalin followed by 
automated tissue processing by Leica automated 
tissue processor. Sections from the first tissue block 
of each part of the pancreas (one each from head, 
body and tail region; first coronal section) were uti-
lized for this study, the rest of the paraffin-embedded 
pancreatic tissue blocks were preserved for further 
studies. Serial sections from the selected block were 
stained with haematoxylin and eosin (H&E) and im-
munohistochemically with anti-synaptophysin and 
anti-insulin antibodies. Cases showing features of 
occult pancreatitis in H&E staining were also excluded 
and no IHC was done.

Table 1. Information about the subjects

Case no. Age [years] Gender Body mass index [kg/m2] Time since death [h]

1 45 Male 29.30 13.5

2 52 Male 28.73 4.5

3 28 Male 21.10 9

4 60 Male 22.20 7.5

5 43 Female 18.49 7.25

6 30 Female 20.57 8.5

7 34 Female 20.89 13

8 34 Female 22.22 10

9 35 Male 24.28 5

10 75 Male 18.33 5.25

11 45 Male 19.08 9

12 27 Male 19.77 12

13 25 Male 28.48 7

14 62 Male 21.47 5.5

15 45 Female 21.32 4.5

16 28 Male 25.79 7.5

17 23 Female 23.61 7.25

18 42 Female 33.25 12

19 34 Female 18.92 10.5

20 35 Male 27.28 10
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Immunohistochemistry

Immunohistochemical studies were done on two 
consecutive 4 µm thick paraffin sections. Antigen re-
trieval was done with citrate buffer by using the heat 
antigen retrieval method under pressure. Serial sec-
tions of each block were stained using a rabbit mono-
clonal anti-synaptophysin antibody (1:300) (PathnSitu, 
Livermore, California) (45 min incubation) for identi-
fying islets and rabbit monoclonal anti-insulin (1:200) 
(PathnSitu, Livermore, California) (45 min incubation) 
for identifying beta-cells. The primary antibody was 
detected by a secondary antibody labelled with Horse-
radish peroxidase (HRP) and DAB (3,3-diaminobenzi-
dine) chromogen (DAKO, Carpinteria, CA). Immuno-
histochemical positivity was assessed under 40× in  
a bright-field microscope (Olympus BX43 microscope) 
based on the rate of positivity and its sharpness (Fig. 1).

Grading of autolysis

All the H&E slides were screened at lower power 
to identify the areas which showing maximum auto
lytic changes. Those identified areas were examined 
under a 40× bright field microscope (Olympus BX43 
microscope). Five high power fields from each slide 
were used for the assessment of autolytic changes 
based on the cellular and nuclear architecture: normal 
nucleus (grade 1), pyknosis and minimal karyorrhexis 
(grade 2), prominent karyorrhexis (grade 3), no nu-
cleus visible (grade 4) and no cell visible (grade 5) [9].  
Autolytic changes will be heterogeneous even in 
single islets; i.e. cells within single islets will show 
different grades of nuclear changes. To maintain the 
uniform standard of scoring the autolytic changes 
we adapted the decay score for each high-power 

field from previous literature [9]. The decay score is 
calculated by multiplying the percentage of cells with 
a certain grade of nuclear changes by the value of 
grades (1–5) and summing these values. For example, 
within a single islet, 25% of cells showing features 
of grade 1 (normal), 50% of cells with grade 2 and 
25% of cells with grade 3 autolytic changes, the 
overall decay score was calculated as (0.25 × 1) +  
+ (0.5 × 2) + (0.25 × 3) = 2.0. The final decay score 
of each slide will be calculated from the mean of five 
high-power fields. Decay score grading was done by 
three independent observers in different time period, 
the average score of the three observers was taken 
as the final score.

Statistical analysis

Data were summarised and expressed as mean 
± standard error of mean (SEM). One-way ANOVA 
was used to compare the data between more than 
two groups. Paired ‘t’ test was used to compare the 
data of means decay score in head, body and tail of 
the pancreas. P value < 0.05 taken as significant. 
Spearman correlation was used to compare the rela-
tion between decay score with time since death and 
immunoreactivity. Statistical test was performed by 
the using SPSS software version 25 and graphs were 
plotted by Microsoft Excel 2019 software.

RESULTS
The pancreatic samples were categorised into three 

groups based on the time since death: group 1 — less 
than 6 hours of death, group 2 — from 6 hours to  
9 hours of the death and group 3 — more than 9 hours 
of death to 14 hours. 

Figure 1. Photographs of immunohistochemistry slides showing sharp and strong positivity (A) in the islets with decay score of less than 1.4; 
B. The diffused immunoreactivity. 
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Micro-architectural changes in H&E

The decay score of all the individual pancreas was 
plotted in Figure 2 with its immunohistochemical re-
activity status. Mean decay score of group 1, group 2  
and group 3 are 1.351 ± 0.715, 1.409 ± 0.225 and 
1.895 ± 0.793, respectively. The statistical signifi-
cance was observed between group 1 and group 3 
with a p-value of < 0.042. The statistically significant 
positive correlation (r = 0.479) was observed between 
decay score and the time since death with the p-value 
of 0.033. The mean decay score of head, body and tail 
of all the cases was 1.54 ± 0.655, 1.543 ± 0.604 and 
1.56 ± 0.645. There was no statistically significant 
difference in the histological appearance of autolytic 
changes in various parts of the pancreas.

Immunohistochemical reactivity

Decay score and time since death were inversely 
proportional to the immunoreactivity of the pancre-
atic islets (Fig. 2). Strong immunoreactivity of pan-
creatic islets in groups 1, 2 and 3 was 80%, 72% and 
42.85%, respectively (Fig. 3). The mean decay score 
of the pancreatic islets with strong immunoreactivity  
was 1.22 ± 0.182 and 2.205 ± 0.652 for specimens 
with poor immunoreactivity. The statistically signifi-
cant negative correlation (r = –0.736) was observed 
between the decay score and immune reactivity of 
pancreatic islets with the p-value of < 0.0001. Fur-
thermore, all the strong IHC positive tissue has decay 
score less than 1.4 except sample no. 20 which had 
weak immune reactivity and a decay score of 1.39. 
Samples showing strong immunoreactivity for islets 
also shown similar reactivity for beta-cells. 

DISCUSSION
Most of the studies on pancreatic islets have used 

animal models [1]. The studies involving microscopic 
analysis of human pancreatic islets are limited and the 
majority of these are from developed countries where 
tissue samples from the brain-dead donor are easily 
available [7, 11, 16]. The critical factor limiting the 
use of human pancreatic samples from the autopsy 
is the appearance of early autolytic changes in the 
pancreatic tissue (exocrine and endocrine) within an 
hour of death [13]. As the pancreas contains a high 
number of proteolytic enzymes, it undergoes rapid 
autodigestion soon after death. The autopsy done 
after 12 hours of death renders the pancreatic tissue 
unusable [13]. The various components of pancreatic 
tissue like exocrine, endocrine and stromal parts may 

show a variable timeline of autolytic changes, i.e. 
the exocrine part undergoes autolysis earlier than 
endocrine and stromal components [4]. Siriwardana 
et al. [13], given the timeline of autolytic changes in 
the pancreas as a whole, which may not be useful 
for endocrine study. The current study is focused on 
the autolytic changes of endocrine pancreas (islets) 
to guide the IHC on pancreatic islets specifically. 

As there is a paucity of data regarding time since 
death and an acceptable amount of autolytic changes 
in pancreatic islets, many studies in the literature 
have used a wide range of cut-off time varying from  
6 hours to 24 hours after death or cold ischaemia. The 
present study shows that autolytic changes increase 
with time, which in turn inversely affects the immu-
noreactivity of the pancreatic islets. Authors found 
that 67.15% of pancreatic samples collected after 
9 hours of death were showed diffused or absent 
immunoreactivity, but similar findings were found 
only in 23% of samples which were collected within  

Figure 2. Scatter plot showing the comparison of decay score with 
time since death (R2 = 0.185) and immunoreactivity status; red dot 
— poor immunoreactivity; green dot — good immunoreactivity 

Figure 3. The percentage of pancreatic sample having preserved 
and diffused immunoreactivity in relation to time since death;  
IHC — immunohistochemical studies.
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9 hours of death. Thus, if the pancreatic tissue is 
preserved in formalin within 9 hours of death, its 
immunoreactivity is highly maintained (75% to 80%). 
The finding of the present study is consistent with 
the existing literature in which the author graded the 
autolytic changes with H&E staining without men-
tioning its immunoreactivity [5].

The autolytic changes of a particular islet will be 
heterogeneous in nature, i.e. all the cells in the islet 
may not show a similar grade of autolysis. The decay 
score system helps us to objectively score the autolytic 
changes in a particular islet. We observed an increasing 
trend of decay score with time. Higher the decay score 
of pancreatic islets represents the greater degree of 
tissue destruction, which in turn results in poor immu-
noreactivity of the tissue. We found that slides with  
a decay score of less than 1.4 had good immunore-
activity and this value (decay score 1.4) may be used 
as the cut off to proceed for IHC. Immunoreactivity of 
samples obtained from surgeries and the brain-dead 
donors were mainly influenced by the cold ischaemia 
time. The cold ischaemia time is the interval between 
the removal of tissue from the body and its contact 
with formalin. Autolytic changes still occur even in the 
period of cold ischaemia [5]. Autolytic changes may 
be delayed in the foetal pancreas (under 5-month) 
due to underdeveloped exocrine part (less proteolytic 
enzymes) when compared with adult pancreas [2].

Even though most of the cases showed a consist-
ent relation between degree of autolysis and time 
since death; in 1 case severe autolytic changes (decay 
score of 2.63) was observed in less than 6 hours of 
death but in few other specimens well-preserved 
micro-architectures (decay score of 1.49) and stain-
ing immunogenicity were seen even after 12 hours 
of death. Similar findings have also been reported in 
post-mortem studies of lung, liver and brain tissue, 
in which authors justified that the above variation as 
a pattern of normal distribution [9]. Apart from that, 
the inaccurate record of the time of death in cases 
where the death occurred outside the hospital setup 
may explain the confounding results. In spite of the 
controversial observation between time since death 
and immunoreactivity, the relationship between the 
decay score and immunoreactivity of pancreatic tissue 
is maintained. Thus, the decay score might be used as 
a tool to know the antigenic status of the tissue prior 
to the immunohistochemistry of autopsy specimens. 

Immunoreactivity is not only affected by time since 
death, but also by any defect in the tissue processing 

and staining procedure. Studies have reported that 
factors like fixation time, dehydration, clearing, par-
affin impregnation, antigen retrieval and IHC staining 
procedures also play a significant role in the optimal 
expression of tissue antigenicity [9, 14]. The authors 
believe that the factors involving tissue processing 
and staining have a very insignificant role in the pres-
ent study as all the samples used here were processed 
and stained by using the standard protocol in the 
same laboratory setup. 

CONCLUSIONS
Pancreatic islets immunoreactivity was found to be 

well preserved in the samples collected early within 
9 hours with a decay score of less than 1.4. There 
is an inverse relationship between the decay score 
and immunoreactivity of islets, i.e. smaller the decay 
score, better the immunoreactivity. To the best of our 
knowledge, no literature is available on the autolytic 
changes and immunoreactivity of human pancreatic 
islets. The present study concludes that the time 
since death may not be the sole criterion to deter-
mine the immunoreactivity of the pancreatic islets. 
The decay score of pancreatic islets must be taken 
into consideration prior to the IHC. This knowledge 
will help the researchers working in the field of the 
endocrine pancreas. 
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Background: Seasonal climate change may impose stress on mammal’s immune 
system, but this has never been connected to wildlife endangerment reasons. This 
study focuses on Pseudois nayaur, a rare Chinese sheep facing a severe situation 
of disappearing. 
Materials and methods: Wild Pseudois nayaurs in Sichuan, China were observed 
in this research by an integrated method including habitat environment, forag-
ing rules, and breeding activities investigation in ecology filed, accompanied 
with immunity research by peripheral blood, including erythrocyte, neutrophils, 
natural killer cells, and macrophages immunity by means of erythrocyte rosette, 
phagocytosis, lactate dehydrogenase release and acid alpha-naphthyl acetate 
esterase method, respectively.
Results: The results show that Pseudois nayaurs’s innate and red blood cell 
immunity in autumn and winter Pseudois nayaurs and it may be the results of  
energy reallocation between reproduction and the immune system. In addition, 
the environment pressure found in Zhu Balong, Sichuan, China including food 
reduction, human disturbance, low temperature, and severe drought still existed, 
which may prevent the Pseudois nayaur from normal immunity enhancement 
before winter. 
Conclusions: In conclusion, the innate immunosuppression found in this study 
especially at their breeding season in autumn and winter may be the ignored 
cause of wild Pseudois nayaur’s endangerment and should be considered in their 
protection strategy. (Folia Morphol 2022; 81, 1: 107–116)

Key words: Pseudois nayaur, ecological immunity, immunosuppression, 
seasonal change, reproductive coercion

INTRODUCTION
Pseudois nayaur, a cherished wild species in China 

under the protection of Chinese government by the 
law of State Protection of China and the International 
Union for Conservation of Nature, is in danger of 

extinction. From 1988 to 2003, their habitat area 
had decreased about 48,000 km2 in Batang, Sichuan. 
For the protection of this species, many studied their 
behavioural traits and living habits. For instance, some 
mentioned that the group behaviours of them were too 
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vulnerable to escape from the predators [19, 28]. More-
over, the skin-based trade was revealed by researches 
and the Pseudois nayaurs were always easily caught by 
both human and predators because of the changeless 
water-drinking places [20, 28]. As the protection law 
executed strictly, these predictable factors had been 
removed. However, the number of the Pseudois nayaurs 
has not increased as expected; only 500–700 ones were 
speculated to exist in this area [13]. This indicates that 
the main reasons for its endangerment are still unknown 
and unresolved, which asks for more attention to its 
physiology features, especially for the immune system 
that determines individuals’ death directly.

Animal ecological immunology was defined in 
the 1990s, covering the study of animal immunity 
changes under certain environment conditions which 
were used to wide-ranged science research from 
physiology to molecular biology [26, 27]. One of the 
most important phenomenons to wildlife in the field 
is the periodic changes in immune system controlled 
by hormone and innate immunity. It was found that 
some mammals tend to enhance their innate immu-
nity to get through the living challenges in winter 
[23], which is mainly correlated to temperature-con-
trolled gene regulation [31]. However, Harshman and 
Zera [11] studied that a decrease of immunity also 
existed when the reproduction time is coming up, 
which means there may be a trade-off relationship 
between immunity and reproduction [2, 7], but few 
studies have targeted so far the ones whose repro-
ductive time is between autumn and winter which 
also asks for energy in immunity enhancement. So, 
what’s the body choice when facing both challenges 
in reproduction and immunity? Through Pseudois 
nayaur, the remained questions can be answered, 
and the relationship between its endangerment and 
this body choice could also be revealed.

To understand the trade-off relationship between 
immunity and reproduction in winter-reproduction 
mammals, and help protect Pseudois nayaur in  
a more scientific way. The study investigated Pseu-
dois nayaur by the ecological immunology method. 
Seasonal changes of the immunity were studied by 
their peripheral blood (PB), mainly reflected by in-
nate and red blood cell (RBC) immunity. Meanwhile, 
habitat environment, foraging rules were studied to 
evaluate the environment pressure, and the breeding 
activities were observed additionally to be combined 
with immunity research and understand the trade-off 
choices that the body has made.

MATERIALS AND METHODS
Experimental animals and ecological research

Zhu Balong Nature Reserve, Sichuan, China was 
chosen to be the research area. Thirteen Pseudo-
is nayaurs which were females and healthy were 
captured first and given a GPS-position collar. Every 
season (May, August, November, February in the next 
year), the same individuals were caught again without 
neutering for the PB (anticoagulated and cooled in 
ice bag with temperature 0–4°C immediately before 
transfer to a laboratory nearby in 24 h, the total 
number of samples was 156, 3 replicates × 13 indi-
viduals × 4 seasons) from the vena jugularis externa. 
The manipulating process of animals were supervised 
by Animal Welfare Committee and Tangjiahe Govern-
ment under the guidance of the Law of the People’s 
Republic of China on the Protection of Wildlife, 2016, 
and the blood storage process followed the rules 
of International Committee standard of haematol-
ogy, ICSH,1993, using EDTA-2K. Their living habits 
including foraging rules, reproductive and clustering 
activities were also trailed through the GPS collar and 
faeces, before sighted.

Immunological examination

Routine blood test. The prepared PB transferred 
to the laboratory was used for routine blood test by 
the animal haematology analyser (RR-29103302, Min-
dray); included indexes were white blood cell (WBC), 
monocytes (Mon), lymphocyte (Lymph), lymphocyte% 
(Lymph%), granulocyte% (Gran%), RBC, haematocrit 
(HCT), mean corpuscular volume (MCV), mean cor-
puscular haemoglobin (MCH), red blood cell volume 
distribution width (RDW), mean corpuscular haemo-
globin concentration (MCHC), platelet (PLT), platelet 
count (PCT), mean platelet volume (MPV), haemo-
globin (HGB), platelet distribution width (PDW), and 
monocytes% (Mon%). Every data conducted then 
were recorded and analysed to see the differences 
between seasons.

Blood smear analysis. The blood smear was made 
according to the methods used by Ndao et al. [24]. PB 
slides were made firstly, followed by Wright’s-Giemsa 
solution (G1020, solarbio) staining. Then, the stained 
slides were pictured through microscope (MF53, Mshot), 
after which WBC, and RBC were calculated by image-pro 
plus (HGB can also be reflected by the measurement of 
light-stained area in blood cell) (Fig. 1).

Detection of the erythrocyte immunity. The 
erythrocyte rosette rate was measured by the method 
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which was introduced by Chu et al. [4]. In brief, 4 mL 
of yeast solution was taken, and an equal amount 
of serum was added to make 1 × 108/mL concen-
tration of bacterial suspension. Then, the red blood 
cell suspension was prepared and mixed to make the 
blood smear. After staining with Wright’s-Giemsa, 
they were detected on a microscopic level. One hun-
dred erythrocytes in each season were calculated. The 
erythrocyte rosette rate = number of RBCs forming 
rosette/total number.

Detection of the immune function of neu-
trophils. Under the condition of sterile operation,  
5 drops diluted staphylococcus aureus was added into 
1 mL anticoagulant, mixed and placed in carbon di-
oxide incubator at 37°C for 30 min, and shaken every 
10 min. Then, the solution was used to make blood 
smears, before dried and observed with the micro-
scope (MF53, Mshot). In each season, 100 neutrophils 
of every individuals were counted, after which the 
staphylococcus aureus-contained-neutrophils were 
recorded. The immune function of neutrophils was 
reflected by this way, and the phagocyte rate = the 

number of staphylococcus aureus-contained-neutro-
phils in every 100 neutrophils.

Determination of the NK cell immunological 
killing function by LDH. Lactate dehydrogenase (LDH)  
release method was used in the study to the detec-
tion of natural kill (NK) cell immunological killing 
function, as described by Konjević et al. [15]. Briefly, 
0.1 mL of the prepared NK cells of Pseudois nayaur 
(taken in PB) and 0.1 mL of the K562 cells (K562 
cells were cultured for 28 h in logarithmic phase and 
washed twice with RPMI-1640 medium). Then, they 
were suspended in 10% FCS-RPMI-1640 medium at 
the concentration of 1 × 105 cells per mL and detect-
ed by 0.5% trypan blue staining. Then, among the 
experimental group, target cell natural release group 
(0.1 mL target cell + 0.1 mL 10% FCS-RPMI-1640 
medium) and maximum release group (0.1 mL target 
cell + 0.1 mL 1% NP40 solution) were set up. After 
adding LDH substrate liquid for 15 min, the value A 
was measured by Enzyme Linked Monitor (ELx800, 
Bio-Tek, USA) under 570 nm. NK cell activity % = 
[(value A of the experimental group – value A of 

Figure 1. Representative blood smear figures between four seasons. Panels A, B, C, and D are the blood smears in spring, summer, autumn 
and winter, respectively (×1000, stained with Wright’s-Giemsa staining). The light stained part of red blood cells in autumn and winter was 
more obvious than that in spring and summer, and the least obvious in summer, indicating that the haemoglobin content in autumn and winter 
was lower than in spring and summer, while the haemoglobin content in summer was the highest.

A B

C D
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natural release control group)/(value A of maximum 
– release control group)] × 100%.

Detection of the phagocytosis of macrophages. 
Each blood smear slide of four seasons was prepared 
in the same way as mentioned above. After that, they 
were fixed with the solution of alpha-naphthalene 
acetic acid (a-NAE) for 15 min, then washed with 
distilled water for 5 min and dried under 25°C. Then, 
the a-NAE incubation solution was added, before put 
the smears into the humid cabinet at 37°C (avoiding 
light to incubate for 1 h). To the next, after cleaning 
with water, the solution of methyl green dye was 
added to the droplet and then restained with water, 
after which the positive rate of macrophages was cal-
culated under the microscope (MF53, Mshot) by the 
image-pro plus. (All reagents were purchased from 
the a-NAE assay kit, CAT#G2390, Solarbio, Japan).

Statistical analysis

The data collected from PB experiments men-
tioned above were analysed with t-test, one-way 
ANOVA. The data passed the homogeneity test for 
variance went through the Least-Significant Differ-
ence (LSD) test, and others were compared by Tam-
hane’s T2 test to keep the findings about the impact 
of seasons on Pseudois nayaurs’ immunity in accuracy. 
For the calculation process, it was done by SPSS20, 
and the outcomes were displayed as means ± stand-
ard deviation (x ± SD), p-value, df, F, and MS figures.

RESULTS
Ecological results

Research area. The Pseudois nayaurs lived in Zhu-
balong preserve with an altitude between 2,600 and 
3,500 m. This area is a mountain valley landform and 
locates in the south-eastern edge of the Qinghai-Tibet 
plateau. It was found that a large number of Pseudois 
nayaurs prefer staying at the places with cliff to be able 
to escape from their natural enemies. In addition, the 
climate here was obviously divided into dry season 
(from October to the next April) and rainy season (from 
May to September) every year, which makes winter 
harder to get through. To cope with the unfriendly 
climate, the concave hillside was used by them, which 
was both helpful for the cover under the rain and the 
warming up under the sunshine. For instance, in sum-
mer, the Pseudois nayaur would move their sleeping 
place to a cool place to avoid the high temperature, 
strong sunshine, or rain. In winter, they tended to 
choose steep slopes under the sun as resting points.

Foraging rules. In this research, we observed that 
the foraging time of the Pseudois nayaurs was mainly 
on the morning and evening. Meadows, thickets, 
rocky escarpments with sparse grasses, and tall oak 
forests were the usual foraging sites. It was found 
that the main vegetation coverage was spiny roses 
and annual herbs, which accorded with the char-
acteristics of vegetation coverage in dry-hot valley 
climate. However, the amount of the available food 
for Pseudois nayaurs was not in lacking. Dry environ-
ments and low temperatures limited the growth of 
vegetation, besides, grazing activities led by human 
were also found, which imposed threats to their living 
conditions, especially in autumn and winter.

Breeding activities. In the aspect of breeding 
activities, we found that the time was mainly in No-
vember, which is at the boundary time of autumn 
and winter. Pregnant females give birth to offspring 
in May of the following year after about 6 months 
of gestation. Due to the harsh winter environment 
during pregnancy and the influence of natural ene-
mies on the offspring, both the pregnancy success 
rate and the survival rate of the offspring were low, 
we speculated that this was an important reason why 
the species is in the danger of extinction and was 
ignored by most scholars.

Cluster activities. For group behaviours, the clus-
ter types were observed in mixed group, separated 
female group and male group. The number of mixed 
groups was the largest, mostly 20 to 30 individuals 
per group. This might be the strategy of them to sur-
vival from predators and harsh climates, while it be-
came harder and harder to keep that group number.

Immunological detection

Blood routine. The results of blood routine are 
shown in Tables 1–3. For the immune system re-
lated cells figures in Table 1, there was no signifi-
cant difference between seasons for WBC and Mon  
(p > 0.05). However, the number of Lymphs decreased 
rapidly in autumn, compared with the figures in spring  
(p < 0.01) and summer (p < 0.05), before climbed 
to the highest in winter (p < 0.01, compared with 
the figure in autumn). For the figure of Gran, it was 
seen a decrease in autumn compared with the figure 
in winter (p < 0.05).

To RBCs related figures shown in Table 2, everyone 
except for RDW and MCV was significantly low in au-
tumn and increased at different levels in winter. It should 
be noticed that MCH, MCHC, and HGB had apparently 
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significant decreases (p < 0.01) in autumn since spring, 
and then, recovered with an inadequate level in winter.

As for PLT related indexes, the figure for PLT was at 
the lowest level in autumn, compared to the highest 
one in winter (p < 0.01). In addition, the trend for the 
change of PDW was dramatic; it decreased considera-
bly from spring to autumn (p < 0.01), which reached 
the bottom, and increased steadily at winter. For MPV, 
no evidence had shown the changes between seasons 
(p > 0.05), and there were both relatively low figures 
found in spring and autumn for PCT.

Overall, whether indexes in RBCs, PLT, or immune 
related cells, wide-range decreases were found. 
Meanwhile, the recovery seemed to happen in winter 
but in a sign of weakness.

Blood smear analysis. The light stained part of 
RBCs in autumn and winter was more obvious than 
that in spring and summer (least obvious), indicating 
that the HGB contents in autumn and winter were 
lower in spring and summer, shown in the Table 4.

Erythrocyte immunity. The results are shown in 
Figure 2. The rosette rate of RBCs decreased signifi-
cantly in winter (p < 0.05) when compared with the 
figures in spring, summer, and autumn. The results 
showed that the immune function of erythrocytes 
was inhibited in winter.

Immune function of neutrophils. As shown in 
Figures 3 and 4, seasonal changes had a significant 
impact on the number of neutrophils (p < 0.01). 
The phagocytosis rate of neutrophils in summer was 

Table 1. Immunity related cells’ blood routine results

Project Spring Summer Autumn Winter df F MS

WBC [109/L] 8.62 ± 0.76 7.69 ± 0.22 7.28 ± 3.74 8.80 ± 0.22 155 0.146 1.604

Monocytes [109/L] 2.33 ± 0.28 1.83 ± 0.15 0.59 ± 0.55 2.50 ± 0.1 155 7.109 2.231

Lymphocyte [109/L] 8.17 ± 1.53c 7.13 ± 0.46c 2.57 ± 1.21AbD 9.27 ± 0.40C 155 8.243 25.983

Granulocyte [109/L] 7.57 ± 0.58 6.84 ± 0.16 6.47 ± 0.22d 7.62 ± 0.23c 155 2.717 0.955

WBC — white blood cell; Data are expressed as mean and standard deviation (sample number = 156); a, b, c, d means different from those data in spring, summer, autumn and winter 
respectively. Capitalisation means significant difference p < 0.01, while lowercase represent extremely significant p < 0.05. Overall, severe immunosuppression occurred in autumn, 
followed by winter, but in a resistant state.

Table 2. Red blood cells related blood routine results

Project Spring Summer Autumn Winter df F MS

RBC [1012/L] 5.86 ± 0.49 5.94 ± 0.07 3.30 ± 1.62d 6.34 ± 0.36c 155 2.580 5.807

HCT [%] 35.63 ± 2.90 37.40 ± 1.04 21.23 ± 10.53c 39.87 ± 1.68d 155 2.282 210.762

MCV [fL] 60.97 ± 0.62a 62.80 ± 1.23 65.53 ± 1.81c 63.00 ± 0.96 155 2.266 10.570

MCH [pg] 50.27 ± 0.96C 50.63 ± 0.52Cd 24.00 ± 0.17ABD 48.33 ± 0.37abC 155 489.131 500.136

RDW [%] 13.23 ± 0.55 13.47 ± 0.98 16.17 ± 1.84 13.47 ± 1.05 155 1.346 5.823

MCHC [g/L] 826.00 ± 7.55Cd 806.67 ± 25.33C 373.33 ± 4.91ABD 768.33 ± 5.46aC 155 245.296 138469.639

HGB [g/L] 294.33 ± 22.67C 302.67 ± 0.67C 117.33 ± 6.06ABD 306.67 ± 15.01C 155 43.668 25440.528

RBC — red blood cell; HCT — haematocrit; MCV — mean corpuscular volume; MCH — mean corpuscular haemoglobin; RDW — red blood cell volume distribution width; MCHC — mean 
corpuscular haemoglobin concentration; HGB — haemoglobin; Data are expressed as mean and standard deviation (sample number = 156); a, b, c, d means different from those data in 
spring, summer, autumn and winter respectively. Capitalisation means significant difference, p < 0.01, while lowercase represent extremely significant p < 0.05. Overall, severe immuno-
suppression occurred in autumn, followed by winter, but in a resistant state.

Table 3. Platelet related blood routine results

Project Spring Summer Autumn Winter df F MS

PLT [%] 524.33 ± 152.4bd 1016.33 ± 215.48ac 396.67 ± 117.32bD 1132.00 ± 56.08aC 155 6.028 391425.556

PCT [%] 0.25 ± 0.07bd 0.52 ± 0.09a 0.29 ± 0.09d 0.57 ± 0.03ac 155 4.746 0.078

MPV [fL] 4.87 ± 0.23 4.83 ± 0.09 5.37 ± 0.37 5.00 ± 0.10 155 1.136 0.179

PDW [fL] 16.33 ± 0.33C 15.67 ± 0.33C 12.63 ± 0.59ABD 16.00 ± 0.00C 155 20.286 8.723

PLT — platelet; PCT — platelet count; MPV — mean platelet volume; PDW — platelet distribution width; Data are expressed as mean and standard deviation (sample number = 156); 
a, b, c, d means different from those data in spring, summer, autumn and winter respectively. Capitalisation means significant difference p < 0.01, while lowercase represent extremely 
significant p < 0.05. Overall, severe immunosuppression occurred in autumn, followed by winter, but in a resistant state.
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Table 4. Blood smear cell count analysis

Project Spring Summer Autumn Winter df F MS

WBC [109/L] 8.58 ± 0.76 7.51 ± 0.22 7.27 ± 3.74 8.86 ± 0.22 155 0.165 1.625

RBC [1012/L] 5.71 ± 0.49 5.91 ± 0.07 3.46 ± 1.62d 6.82 ± 0.36c 155 2.731 5.994

RBC — red blood cell; WBC — white blood cell; Data are expressed as mean and standard deviation (sample number = 156); a, b, c, d means different from those data in spring, summer, 
autumn and winter, respectively. Capitalization means significant difference p < 0.01, while lowercase represent extremely significant p < 0.05. Table 4 shows that red blood cells decre-
ased significantly in autumn which indicated the reproduction stress in that time. And increased in winter, which was thought to be relevant to the compensatory strategies.

significantly higher than that in winter (p < 0.01),  
and the indexes in summer and autumn were high-
er than those in spring and winter, respectively  
(p < 0.05). The results showed that the bactericidal 
function of neutrophils was inhibited in winter, and 
was the strongest in summer, followed by spring 
and autumn.

Phagocytosis of macrophages. As shown in 
Figure 5, there were significant differences between 
seasons (except for them between autumn and win-
ter) of the figures (p < 0.01), and the figures were 
the lowest in autumn and winter. The results showed 
that the function of macrophages was inhibited in 
autumn and winter, while it was relatively stronger 
in spring and especially in summer.

NK cell immunological killing function. As 
shown in Figure 6, seasonal changes had imposed 
great influence of the function for NK cells, they could 
only played the weakest role in autumn and winter, 
compared with that in spring and summer.

Figure 2. Statistical chart of the seasonal changes of the erythro-
cyte wreath rate. *In the figure represents a significant difference 
between the two groups (p < 0.05). The comparison between 
each group and the winter group was conducted before pairwise 
comparison. The rosette rate of red blood cells significantly de-
creased in winter (p < 0.05) when compared with the spring, was 
low summer and autumn. The results showed that the immune 
function of erythrocytes was inhibited in winter.
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Figure 3. Seasonal changes of staphylococcus aureus phagocyt-
ised by neutrophils. Panels A, B, C, and D are the blood smears in 
spring, summer, autumn and winter, respectively (×1000, stained 
with Wright’s-Giemsa staining). Phagocytosis rate of neutrophils 
in summer was significantly higher than in winter (p < 0.01), the 
indexes in summer and autumn were higher than those in spring 
and winter, respectively (p < 0.05).
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Figure 4. The statistical diagram of the seasonal changes of  
staphylococcus aureus phagocytised by neutrophils. *In the  
figure represents a significant difference between the two groups 
(p < 0.05), and **represents a very significant difference  
(p < 0.01). The figure suggests that the function of neutrophils 
was affected by the seasonal changes. It is better in summer than 
in spring and autumn, while the suppression was found in  
winter.
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DISCUSSION
Challenging living conditions

In this research, four aspects of living conditions 
were studied, including habitat environment, for-
aging rules, breeding and cluster activities. Firstly, 
the places that Pseudois nayaur lives in locate in 
the south-eastern edge of the Qinghai-Tibet pla-
teau, where mountain valley and cliffs are usually 
to be seen. It was found that they could take good 
advantages of the landform to escape from pred-
ators, and achieve the possibility of keeping safe 
from harmful sunshine and pour rain. However, 

step down to the bottom of the valley for water was 
unpreventable when the dry season (autumn and 
winter) was coming, which had been become the 
most risky movement of Pseudois nayaurs because 
of the awaiting hunter traps and natural enemies. 
What’s more, although the food available for the 
Pseudois nayaur was relatively enough in spring and 
summer, dry season had again made the vegetation 
in degradation especially for the higher but safer 
place. When facing such pressure, clusters got its 
own strategy, mainly expressed by acting together. 
As a result, more strong and healthy individuals 
would survive, but apparently, most females whose 
pregnancy period of time were from November to 
May are not among the group, which was proved 
by the low survival rate of cubs and the mothers 
found by Liu et al. [19].

Trade-off between immune and reproduction  
of Pseudois nayaur

In addition to the external challenges, the energy 
cost of reproduction and immunity in autumn and 
winter also should be noticed. It has been found 
that, body usually make choices between reproduc-
tion and immunity, because the energy gained is 
limited. For most of the time, the immunity would 
be the suppressed one [6, 8, 14]. This hypothesis 
can be the reason why Pseudois nayaur’s immunity 
was found in a sigh of weakness in autumn. Among 
them, PLT and PCT, shown in Table 2, were at a low 
condition. Kuter and Rosenberg [18] did a correla-
tion analysis about the reason why PLT was low, the 
factors leading to the destruction of PLT in the exper-
iment, such as diseases of the Pseudois nayaur, were 
excluded. We believed that this phenomenon may 
be related to the reduction of megakaryocytic cells 
and growth factors in bone marrow, resulting in the 
weakened proliferation and differentiation of PLT, 
thus the function of wound healing was reduced. 
Then, MCH, MCHC, and HGB indexes showed sea-
sonal suppression which indicated that malnutrition 
was exist and also suggested that the blood’s ability 
to transport oxygen decreased obviously in autumn, 
and in this period Pseudois nayaur may face to the 
risk of anaemia disorders [3, 9]. These findings also 
provided evidence of food shortages and the effects 
of overgrazing in the results. In terms of innate im-
mune function, NK cells was inhibited, indicating the 
rising risk of infection, transformation or stress and 
decreased target cells kill function [30], even much 

Figure 5. Seasonal variation of macrophage positive rate. **In the 
figure represents a very significant difference (p < 0.01). It can be 
concluded in the figure that the macrophage positive rate was also 
in change with the period of seasons, but it was in the autumn that 
the rate declined more significantly instead of winter, which was 
speculated to be relevant to the reproduction matter.
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Figure 6. Statistical diagram of the activity rate of natural kill (NK) 
cells in four seasons. **In the figure represents a very significant 
difference (p < 0.01). NK cell activity rate was shown in an in-
crease in summer which was consistent to above indexes, and the 
rate in spring and autumn, was familiar but declined in winter.
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higher probability of getting cancer [1]. Moreover, 
the macrophages and neutrophils functions were 
inhibited, which meant the second line of immune 
defence decreased and bacterial resistance was de-
clined [10, 22]. In addition, erythrocyte rosette rate’s 
suppression in results was also a good proof of that, 
because the erythrocyte plays an important part 
in immune complex clearing, tumour, and innate 
immune [5, 21].

Winter immunity recovery

In winter, the immunity suppression was also found 
but in a lower level. However, the food and water pres-
sure were bigger than that in autumn, and the effects 
of low temperature were also beginning to emerge. 
So, the results were thought to be an evidence for the 
winter immunoenhancement hypothesis. 

Through ecological investigation, it was found that 
cliffs and concave hillside were used by Pseudois nayaur 
gaining appropriate sunshine, and it is believed that 
many small mammals have evolved a set of life-cycle 
strategies that can increase their immune function 
by using seasonal variation signals such as sunshine 

trait (length and strength) to improve their surviv-
al in winter [25, 29]. In this study, WBC was found 
the highest in winter and the upward trend was also 
obvious for the recovery of immunity in many other 
immunology findings, which are complied with similar 
phenomenon found previously in root voles. The rising 
number of WBC and other indexes would make them 
survive better in winter [16, 17]. The rise of MCV in 
autumn might suggest the mechanism of resistance 
to the reduction of MCH and MCHC. For the further 
evidence to the phenomenon, studies in molecular 
level are needed. Although, the phenomenon of re-
sistant immunosuppression was found, the future of 
the Pseudois nayaur was not encouraging. After the 
trade-off choice has been made in autumn to enhance 
the ability to reproduce at the expense of immunity, 
winter resistance seemed very important for their sur-
vival, and therefore, more efficient steps needs to be 
taken at this very season. The key point of its protection 
then turns to environment again, but in more specific 
to winter. We need to stop the agricultural overgrazing 
[12] and other human interference or wild Pseudois 
nayaur’s extinction would be destination.

Figure 7. Eco-immune pathway of endangered of Pseudois nayaur. The immunosuppression may be due to the seasonal changes and re-
production hobby. The harsh climates and human activities causes the immunosuppression against the evolutionary strategies that Pseudois 
nayaur owns to enhance the immunity, and it may finally result in low survival rates.
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CONCLUSIONS
As a conclusion, we suggest that the habitat pres-

sure of this species keeps increasing, and it is also 
found that these species have a large-scale immuno-
suppression when it is close to the special autumn 
breeding period in winter (Table 1), which confirms 
the trade-off between immunity and reproduction. At 
the same time, due to the challenge of winter climate, 
the immunity has not recovered quickly though there 
is a phenomenon of winter immunoenhancement. 
As shown in results, the survival of female Pseudois 
nayaur during pregnancy was difficult. Therefore, we 
conclude that the immune suppression of Pseudois 
nayaur is more threatening than other species. They 
are facing an immunosuppression for up to 6 months 
which is also the time for reproduction in population 
(Fig. 7).
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Background: Thoracic outlet syndrome (TOS) represents a clinical condition caused 
by compression of the neurovascular structures that cross the thoracic outlet. TOS 
can be classified in: 1) neurogenic TOS (NTOS), 2) venous TOS (VTOS), 3) arterial 
TOS (ATOS). Many different causes can determine the syndrome: congenital 
malformations, traumas, and functional impairments. 
Materials and methods: This manuscript reviews how the congenital malformations 
play an important role in adult age; however, TOS also affects patients of all ages.
Results: Radiological imaging like X-ray (radiography), magnetic resonance and 
computed tomography can provide useful information to assess TOS causes and 
decide a potential surgery. 79% of the patients included in the first two stages 
of nerve, artery, vein (NAV) staging experienced excellent results with kinesio-
therapy; whereas patients included in the third and fourth stage of NAV staging 
were subject to surgery. 
Conclusions: The treatment of acute forms of TOS involves thrombolysis and anti-
coagulant therapy; surgery is appropriate for true NTOS, vascular TOS and in some 
cases when conservative treatment fails. (Folia Morphol 2022; 81, 1: 117–123)

Key words: brachial plexus, subclavian artery, subclavian vein, 
neuromuscular bundle, first rib, anterior and middle scalene muscle, 
congenital malformation, clinical grading, interscalene triangle, 
costoclavicular triangle

INTRODUCTION
Thoracic outlet syndrome (TOS) manifests with 

signs and symptoms that depend on the structure of 
the neurovascular bundle being compressed: the bra-

chial plexus, the subclavian artery and the subclavian 
vein (Fig. 1) [4, 12]. The neurovascular dysfunction 
depends on three factors: 1) The space between the 
neck and the axilla is very limited; 2) Physiological 
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conditions may cause intermittent compression to the 
neurovascular bundle; 3) Congenital malformations 
of bones and of muscles may trigger the symptoms. 
The classic subjects affected by TOS are young as-
thenic women with a thin neck and weak muscles. 
The structural anomalies involved in the TOS are: 
1) Anomalous ribs, 2) Anomalous scalene tendon 
insertion, 3) Fibrous band insertion of the first rib,  
4) Clavicular abnormalities (Fig. 2) [1, 6, 15].

MATERIALS AND METHODS
Thoracic outlet syndrome includes three different 

syndromes: 1) Neurogenic TOS (NTOS) with compres-
sion of the brachial plexus; 2) Venous TOS (VTOS) 

with compression of the subclavian vein; 3) Arterial 
TOS (ATOS) with compression of the subclavian artery  
[10, 11, 14, 18]. The estimate of a suspected TOS may 
be assessed via medical history, medical examination 
and diagnostic tests that have, however, low sensitiv-
ity and low specificity but may support the diagnosis. 
To diagnose cervical ribs and anomalous first ribs one 
may use X-rays of the cervical spine and shoulder 
girdle and also computed tomography (CT), magnetic 
resonance (MR) and electromyography. Patients pres-
ent symptoms of venous obstruction, arterial insuffi-
ciency, paraesthesia and pain [2, 8, 14, 16, 17]. The 
therapy is often conservative, including exercises and 
physical therapy. If it fails, it may be necessary to use 
surgical approaches such as supraclavicular exposure 
and the first rib resection. In this study we present  
a study of 181 clinical cases classified according to:  
1) Type of malformation (cervical rib, anomalous first 
rib, scalenus medius insertion, scalenus minimus [Sib-
son’s muscle] hypertrophy, Sibson’s fascia band, fi-
brous band arising from incomplete cervical rib and 
elongated C7 transverse process, anomalous scalenus 
anticus insertion, anomalous vessels, hypertrophy of 
little pectoral); 2) Physical structure of the patient;  
3) Gender. Any single case is classified through three 
parameters: nerve (N), artery (A), and vein (V). There 
are four grades for each parameter according to 
clinical and instrumental severity (Table 1) [2]

Neurogenic TOS 

The aetiopathogenesis of the neurogenic TOS 
includes various aspects: 1) Presence of thick fi-
brous band from the apex of sketch of cervical rib;  
2) A work task that involves the prolonged abduction 
of the arms; 3) Physical characteristics; 4) Dominant 
limb [3, 5, 9].

Clinical case 1

Young woman, 19 years old (Figs. 3–5).
Task performed (job) at the time of the diagnosis: 

at the counter (Table 2).
Clinical malformation: fibrous band from sketch 

of accessory rib.
Clinical condition of NTOS: N3 (advanced neuro-

logical lesions), V1 (early venous lesions), A1 (early 
arterial lesions). The neurological disturbances de-
pend on lesion of the fibres of the lower trunk of 
the brachial plexus; sensory symptoms appear in 
advance of motor signs and are often subject to 
pain and paraesthesia. The pain is diffuse in the su-

Figure 1. An illustration of the relevant neurovascular anatomy 
in anterior supraclavicular neurosurgical approach to the brachial 
plexus and subclavian vessels for thoracic outlet syndrome.

Figure 2. Arterial thoracic outlet syndrome; A. Right side: an 
anomalous first rib inserting into the mid portion of the right second 
rib, left side: a cervical rib originating from the transverse process 
of C7; B. Cervical ribs may insert on either the first rib or second rib.
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The pain does not respect a C8-T1 dermatomal pat-
tern, whereas the paraesthesia is usually localised 
to the C8-T1 ulnar side of the forearm. After some 
time the patient loses sensitivity in the ulnar fingers 
and show objective signs of sensory axonopathy in 
the C8-T1 dermatomes. The symptoms may be trig-
gered by trauma to the shoulder and the pain gets 
worse after many hours of work. Motor disturbances:  
a testable weakness may indicate a motor axonopathy 
that manifests after some time from the beginning 
of sensory disturbance and means a worsening of 
the disease. The thenar muscles are affected first, 
followed by the hypothenar group (ulnar muscles). 
There is often consumption in the side part of thenar 
eminence giving a roughened appearance to the side 
outline of the hand (Fig. 6).

Stress tests

Experiments were performed in compliance with 
the Italian laws and guidelines concerning the in-

Table 1. Pang grades; see Busetto et al. [2]

Pang grades NAV (nerve [N], artery [A], vein [V]) stages

1 = pain and paraesthesia ± intermittent postural  
ischaemia ± sympathetic instability

1th stage = N0–1 A0–1 V0–1 — Intermittent neurovascular compression 
without anatomical damage

2 = sensory deficits in ulnar distribution 2th stage = N2 A0–1 V0–1 — Anatomical damage: early and reversible 
neurological lesions

3 = intrinsic hand muscle weakness ± atrophy 3th stage = N3 A2 V2 — Anatomical damage: advanced neurological  
lesions ± early arterial lesions ± advanced venous lesions

4 = persistent ischaemic changes in hand (gangrene, skin necrosis)  
resulting from emboli or subclavian thrombosis

4th stage = every N with A3 or V3 — Anatomical damage: advanced  
irreversible neuro-vascular lesions

Figure 3. The image shows a young woman affected by bilateral 
accessory rib.

Figure 4. The X-ray of the cervical spine demonstrates the presence 
of right and left cervical rib.

Figure 5. The contrast-enhanced computed tomography scan was 
reconstructed with volume-rendering algorithms and documents the 
compression by the accessory cervical rib on the neurovascular bundle.

praclavicular and shoulder region and widespread 
along the arm, and sometimes affects face and neck. 
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formed consent of patient (Dir.2001/20/CE). Stress 
tests are useful to diagnose the TOS because they in-
crease the neurovascular compression at the thoracic 
outlet. There are many tests, each for a specific site of 
compression but the only reliable one is the 90 grades 
abduction external rotation test where the arm is ab-
ducted to a right angle and externally rotated while 
the head is turned to the opposite side. If the brachial 
plexus and the subclavian artery are compressed, the 
pain and paraesthesia are felt by the patient first in 
the ulnar area and then in the whole hand. If pain 
and tingling are extended without decreasing their 
intensity we can infer a purely neurogenic TOS [3]. 
The diagnosis is confirmed if by dropping the arm the 
discomfort is relieved and, also, if pain and tingling 
increase when opening and closing the fist for 3 min-
utes in the abduction external rotation position. The 
objective physical findings are very important for the 
diagnosis, e.g. weakness or atrophy of the hand, ulnar 
hypoesthesia, abnormalities of ribs and a positive 
electromyography. The radiological imaging cannot 
always lead to the diagnosis of TOS. Besides X-rays, 

CT may also help to identify congenital malformation 
such as scalene muscle hypertrophy. CT angiography 
with the arm in hyperabduction may confirm the 
compression of neuromuscular bundle. Cervical spine 
MR images help to discover scalene muscle abnormal-
ities. MR angiography with arms in different positions 
may confirm neurovascular compression. To discover 
deviations in the usual course of the nerves we can 
perform MR neurography by injecting a dye around 
the brachial plexus. Some patients affected by NTOS 
have anomalous nerve conduction velocities though 
this exam has low sensitivity and low specificity in the 
diagnosis of NTOS. Somatosensory-evoked potential 
may be useful in some cases of neurogenic TOS but 
have low specificity and can’t locate abnormalities. 
The stimulation of the eighth cervical nerve is useful 
during a surgery but it is too invasive for outpatients. 
We can also use a combination of medial antebra-
chial cutaneous nerve conduction and C8 nerve root 
stimulation tests to do the diagnosis of NTOS [2, 3, 
5, 9, 19]. Medial antebrachial cutaneous assessment 
is useful to reveal little alterations in the transmission 

Table 2. Homogeneous group of patients with the same malformation and a similar clinical stage (neurogenic thoracic outlet syndrome  
[TOS], positive electromyography, stage III)

Sex Congenital malformation Clinical picture  
(neurogenic TOS, positivity  

to electromyography)

Age at  
diagnosis

Period between the 
onset of symptoms 
and the diagnosis

Task carried out  
at the diagnosis

Female Fibrous band from sketch of accessory rib N3, V1, A1 19 36 months At the counter

Female Fibrous band from sketch of accessory rib N3, V1, A1 24 43 months Traffic warden

Female Fibrous band from a prominent transversus N3, V1, A1 41 32 months Hair dresser

Male Fibrous band from sketch of accessory rib N3, V1, A1 38 83 months Mechanical motorcycle

Female Fibrous band from sketch of accessory rib N3, V1, A3 22 17 months Cashier — warehouse worker

Figure 6. A, B. Thenar consumption in thoracic outlet syndrome. Note the severe thenar consumption especially with respect to the abductor 
pollicis brevis.

A B
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of the lower trunk of the brachial plexus. Botulinum 
toxin injection into the anterior scalene muscle has 
been used for the diagnosis of NTOS and to reduce 
the symptoms (Fig. 7).

Clinical staging and classification of TOS

Thoracic outlet syndrome may be staged by its 
temporal sequence for severity and chronicity. In the 
first three stages there are weakness, pain and tingling 
in the whole hand (symptoms of intermittent ischae-
mia). In the fourth stage there are persistent ischaemic 
changes in the hands like gangrene and skin necrosis 
from thromboembolism in the subclavian territory.

Management of TOS  

Patients with NTOS should have a conservative 
treatment for three months and then a surgery can 
be taken into consideration. Conservative treatment 
includes soft physical therapy, muscle relaxants, an-
ti-inflammatory drugs that determine an improve-
ment of symptoms in many patients with a better 
function and return to work. Surgery is necessary 
when there are neurological dysfunctions and acute 
vascular insufficiency and functional impairments. 
Surgical procedures concern lysis of fibrotic band, 
scalenectomy and first rib excision. 

Arterial TOS

ATOS is the least common type of TOS and is 
caused by a congenital malformation that deter-
mines a compression of subclavian artery. Possible 
malformations are: cervical or anomalous first rib, 
fibromuscular bands, scalene muscle [13].

Clinical Case 2

Young woman, 22 years old. 
Tasks performed (job) at the time of the diagnosis: 

cashier (Table 2). 
Clinical malformation: Fibrous band from sketch 

of accessory rib (Table 2)
Clinical condition of TOS: N3-V1-A3 (advanced 

neurological lesions, early venous lesions, advanced 
arterial lesions). The patient has persistent ischaemic 
changes in the hands (gangrene and skin necrosis) 
resulting from subclavian thrombosis (Figs. 8, 9). The 
arterial compression can determine aneurysm forma-
tion, growth of thrombi and embolization. Abnormal-
ities of ribs are often involved in ATOS (74% of cases). 
There are arterial damage, thrombus production and 
symptoms of claudication. Clavicle injury deformities 

and compression may also determine ATOS by causing 
thrombosis and embolisation of the artery.

Clinical presentation

Arterial TOS is asymptomatic and symptoms like 
pain, tingling, cyanosis and changes of colour of the 
hands (until gangrene) may appear when emboliza-
tion occurs. There is absence of radial pulse and signs 
of ischaemia of the distal phalanges. The objective 
examination of the patient can reveal a bony prom-
inence and is possible to palpate pulsation of the 
supraclavicular artery 

Figure 7. Antero-posterior cervical spine X-ray shows the presence 
of bilateral cervical accessory rib.

Figure 8. The contrast-enhanced computed tomography scan was 
reconstructed with volume-rendering algorithms. It documents tho-
racic outlet syndrome caused by the cervical rib compressing right 
subclavian artery (Æ). The right subclavian artery originates from 
the brachiocephalic trunk (*), then bends laterally passing between 
the scalene muscles. The image shows the backstage section of 
the right subclavian artery which contracts inferiorly with the first 
rib which is compressed by.
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Diagnosis 

We can make the diagnosis by confirming a com-
promised circulation of the artery and identifying an 
anatomical factor responsible for arterial obstruction. 
Experiments were performed in compliance with the 

Italian laws and guidelines concerning the informed 
consent of patient (Dir. 2001/20/CE). A provocative 
test may suggest the diagnosis of arterial insufficiency 
(Fig. 10): 1) Adson test: if the patient, while seated, ro-
tates his head and elevates his chin to the side where 
the syndrome appears localised causes his pulse to 
decreases or disappear, then the test is positive for 
vascular compression by anterior scalenus muscle or 
cervical rib (Fig. 8); 2) The overhand exercise test: the 
patient raises both arms overhead and quickly extends 
and flexes the fingers; if he fills pain, sense of weight, 
tingling and pallor appears in 20 seconds then the 
test is considered positive. Instrumental examinations 
useful for diagnosis are standard arteriography, MR 
or CT angiography, Doppler ultrasonography, which 
can be associated to postural manoeuvres to reveal 
the arterial impairment. The arteriography performed 
with the patient seated has more sensitivity than in 
supine position, in particular if he changes the posi-
tion of the arms [7, 9, 17].

Management

It is necessary to identify the site of arterial com-
pression and the surgery of resection of cervical or 
anomalous first rib and of scalene muscle release and 
arterial reconstruction (Fig. 11). Not all patients treated 
with cervical or anomalous first rib resection are able 
to return to their level of physical activity because there 
are often delays in treating chronic-pain syndrome [3].

Figure 11. A. Preoperative computed tomography (CT) shows the 
first rib compressing the subclavian artery; B. Preoperative plan-
ning of the excision; C. Transaxillary first rib resection. at the level 
of the scalene tubercle (arrow) and myotomy; D. Postoperative 
CT shows partial resection of the first rib and the decompressed 
subclavian artery.

Figure 9. The contrast-enhanced computed tomography (CT) scan 
was reconstructed with volume-rendering algorithms. It documents 
the costo-clavicular triangle delimited anteriorly by the middle third 
of the clavicle, posteromedially by the first rib and posterolaterally 
by the upper profile of the scapula. The CT shows the irregularity 
of the profile of the subclavian artery with an evident dilation (*) 
upstream of its compression at the level of the costo-clavicular 
triangle.

Figure 10. The contrast-enhanced computed tomography scan 
documents the stenotic effect of the subclavian artery (Æ) dur-
ing the Adson test. In particular when the patient, while seated, 
rotates his head and elevates his chin to the side in which is sus-
pected the syndrome, the compression on the subclavian artery by 
the cervical rib is increased determining a stenotic effect; *brachio-
cephalic trunk; ** pre-stenosis subclavian artery; ***post-stenosis 
subclavian artery; ****cervical rib.

A B

C D
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RESULTS
Seventy-nine per cent of patients were included in 

the first two stages of nerve, artery, vein (NAV) staging 
(148 cases) and provided with physio-kinesiotherapy 
experienced good/excellent results, whilst the remain-
ing 21% were transferred to the third stage. 33 pa-
tients that were included in the third and fourth stage 
underwent surgery with excellent results on vascular 
and sensory neuropathic disorders. However, the oper-
ations did not completely restore the hand fine motility 
due to the severe hypotrophy of the affected muscles. 
The retrospective analysis of our study showed that 
the tendon bands stretched between the sketch of the 
accessory rib and the first rib, associated with other 
factors (dominant limb, physical characteristics, pro-
longed limb abduction) are the most common cause of 
neurogenic TOS (N3 of the NAV staging). Indeed these 
malformations — which compress the lower primary 
trunk from below — can develop in a subtle way severe 
deficits in the hand motility, without causing particular 
pain or sensory disturbances.

DISCUSSION
Cervical rib and anomalous first rib are predispos-

ing factors for the development of TOS, but in most 
patients more than an osseous abnormality must be 
present to determine symptoms. Often a neck trau-
ma, either work-related or not, happens before the 
appearance of symptoms. The presence of a cervical 
rib or anomalous first rib, by itself, does not imply 
that surgery is necessary even with symptoms of disa-
bility and non-responsiveness to conservative therapy  
[1, 11, 15]. The diagnosis of neurogenic TOS should 
be made, above all, on the basis of clinical findings 
whether with or without any osseous abnormality. 
However, anomalous first ribs can determine arterial 
stenosis that can remain asymptomatic until throm-
bosis or embolisation occurs. Therefore, if neurogenic 
symptoms do not lead to the necessity of surgery, 
the patient must be evaluated and monitored with 
duplex scanning for stenosis or aneurysm forma-
tion. Although there aren’t clinical trials comparing 
operative and non-operative therapies for TOS, com-
mon surgical interventions include excision of first 
rib, scalenectomy and lysis of fibrotic band (Fig. 9)  
[7, 13]. Excision of the cervical rib may be performed 
with or without the first rib, but often — if the 
first rib is not excised — there is a higher opera-
tion failure rate. The explanation for such better 
results (i.e. when the first rib and cervical rib are 

both removed) is not obvious. The treatment of 
acute forms involves thrombolysis and anticoagu-
lant therapy followed by the decompression of the 
thoracic outlet. Surgery is appropriate for true neu-
rogenic TOS, vascular TOS and patients for whom 
conservative therapy fails. Operative intervention 
often gives good results [3].
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Background: The lateral compartment of the leg, due to its distal and concurrent 
superficial positioning, is a multiple trauma site. Detailed knowledge of compar-
timentum lateralis cruris (CLC) structure is crucial for physicians. Musculus peroneus 
longus (MPL) is located within the structures of the CLC most superficially. There is 
a lot of data on the morphology of the MPL but there is no publication analysing 
in detail its anatomy in the foetal period. The aim of the study was to determine 
the variability of metric and morphological parameters of MPL in a studied period 
of prenatal ontogenesis. 
Materials and methods: The analysis included 207 human foetuses (101 males 
and 106 females) at calendar age from 113 to 222 days. The analysed material 
comes from the local anatomy collection. Foetuses were stored in typical pres-
ervation solutions. Access to the muscle was obtained on the basis of standard 
preparation techniques. The authors evaluated the metric parameters of the 
muscle showing the presence of variable dynamics of metric increments of the 
examined muscle in particular age classes. 
Results: In the studied period of prenatal ontogenesis, MPLs of the foetuses in-
creased by about 60% in the length and width dimension and by about 100% in 
the thickness dimension. The topography of the initial and final muscle attachment 
was also evaluated. Statistically significant dimorphic differences were found in some 
aspects of muscle attachment topography.
Conclusions: The analysis of the place of the origin and insertion of MPL showed 
a relatively large variety of these features. (Folia Morphol 2022; 81, 1: 124–133)

Key words: foetus, lateral compartment of the leg, dissection, fibularis 
longus muscle

INTRODUCTION
The lateral compartment of the leg (compartimen-

tum lateralis cruris) is bounded by two fibrous in-
termuscular septa, which are attached to the crural 
fascia [3, 30]. It contains several important anatomical 
structures, which are of great importance for the me-

chanics of the foot [25]. The following muscles: Mus-
culus peroneus longus and Musculus peroneus brevis, 
filling the compartment, are not only responsible for 
the pronation and plantar flexion of the foot, but they 
also stabilize the first ray of the foot in the toe-off 
phase of gait [4]. The lateral compartment of the leg, 
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due to its distal and concurrent superficial position-
ing, is a multiple trauma site, which may contribute 
to the occurrence of various clinical pathologies [17]. 
It is subject to a high risk of fractures of bones, which 
constitute its scaffolding, bruises, lacerations or stab 
wounds. One of the most serious consequences leg 
injuries is the compartment syndrome, which can be 
the result of injuries as well as of intensive physical 
activity. If untreated, it can lead to irreversible distur-
bances in the innervation and blood supply of the foot 
and leg. This may cause tissue necrosis [23, 27–29]. 
Detailed knowledge of compartimentum lateralis cru-
ris structure is therefore significant not only for an 
anatomist but also for surgeons and traumatologists. 
Peroneus longus muscle (MPL) is located within the 
structures of the lateral compartment of the lower leg 
most superficially [21]. The proximal muscle attach-
ment is wide, as fibres branch off in two groups: the 
proximal one, from the lateral condyle of the shin, 
capsule of tibiofibular joint and head of the fibula, 
and the distal one begins on the shaft of the fibula 
and the crural fascia. Proximal part of the muscle 
is divided into two compartments by the common 
fibular nerve (nervus fibularis communis), running in 
this area. In many anatomical publications, the more 
superficially positioned compartment is referred to as 
a superficial head, while the deeper part is defined 
as a deep head [3, 4]. The terminal tendon of the 
nerve lies in a gutter formed by the peroneus brevis 
muscle (musculus fibularis brevis), and just above the 
lateral malleolus of the tendon of both muscles they 
pass under the fibular retinaculum and penetrate 
the fibro-osseous canal, which allows the tendon 
to pass from the leg to the foot [21]. This is where 
the tendons cross. In the plantar region of foot the 
MPL is attached to the base of the first metatarsus 
and medial cuneiform bone. The terminal section 
of the muscle plays an extremely important role in 
supporting the plantar arch of foot [34]. There is a lot 
of data on the morphology of the described muscle 

in the available literature [3, 4, 30], but there is no 
publication analysing in detail the anatomy of the 
MPL in the foetal period. The aim of the study was to 
determine the variability of metric and morphological 
parameters of musculus peroneus longus in a stud-
ied period of prenatal ontogenesis. In addition, the 
authors of the paper will determine the presence of 
possible dimorphic and bilateral differences.

MATERIALS AND METHODS
The analysis included 207 human foeti (101 males 

and 106 females) at calendar age from 113 to 222 
days of foetal life. Only four foetuses of both sexes were 
analysed in the fourth month, and three foetuses in the 
ninth month. Due to the insufficient number in these 
classes, the mentioned foetuses were excluded from 
the metric analysis. The analysed foetal material is de-
rived from the collection of the Department of Anato-
my, Medicine Faculty, Wroclaw Medical University. The 
material was obtained from the maternity wards of local 
clinics as a result of preterm births and miscarriages in 
the years 1960–1996. Before conservation, the calendar 
and morphological age of each foetus were determined 
individually for each of them. To assess the morphological 
age of foeti, a multi-characteristic assessment method for 
the foetus age, was used [15, 16, 35]. If the difference 
between morphological and calendar age was more than 
2 weeks, the foeti were determined as dysmorphic and 
excluded from the analysis. The foetuses are stored in an 
appropriate solid preservative solution containing etha-
nol, glycerol and formaldehyde in constant proportions 
in a room at a stable temperature. The way of storing 
foetuses did not change during the whole period of 
storage. The study excluded foetuses with visible devel-
opmental malformations and those that did not have 
complete clinical documentation. The reliability and 
scientific value of the collection used for research have 
been confirmed in many previously published studies  
[8, 10–12, 15, 20, 31, 32]. Basic data of the studied 
foetus population have been presented in Table 1.

Table 1. Basic metric data of the examined group of foetuses

Age  
class

Number  
of foeti

Age 
[g]

Mxm 
[g]

Mxf 
[mm]

Lxm 
[mm]

Lxf 
[mm]

Vtubxm 
[mm]

Vtubxf 
[mm]

Cxm 
[mm]

Cxf 
[mm]

5 69 18.80 211.47 255.77 212.56 219.94 182.08 188.38 182.08 188.38
6 78 22.49 397.28 429.64 263.21 263.82 185.15 189.06 185.15 189.06
7 40 25.83 580.50 524.95 300.61 292.50 208.83 207.50 208.83 207.50
8 13 30.62 615.13 712.00 322.25 335.00 217.00 229.60 217.00 229.60

M — body mass; L — body length; Vtub — vertex-tuberale length; C = CRL — crown-rump length; x — mean value interpolated at the centre of age class; f — female; m — male; age 
— average calendar age in weeks



126

Folia Morphol., 2022, Vol. 81, No. 1

Access to the muscle was obtained on the basis 
of standard preparation techniques. In the first stage, 
the skin and subcutaneous tissue were removed. 
Then the fascia was cut and the structures of com-
partimentum lateralis cruris were shown. MPL was 
cleaned from its top, at the head of the fibula up to 
the lateral malleolus canal. In the second stage, the 
terminal tendon of the studied muscle was prepared 
by removing the surface structures within the plantar 
region of foot. The morphological features of the 
examined muscle were evaluated after final visualis-
ation of its whole structure. The data collected during 
the morphological evaluation were recorded in the 
form of schematic drawings. Photographs, which 
documented the research, were taken. The length and 
thickness of the muscle belly and the length of the 
muscle tendon were measured using digital calliper 
Mitutoyo – Absolute Digimatic 573-125-10, Mitutoyo 
Corp, Kawasaki, Japan. Each measurement was per-
formed 3 times and the average value was taken into 
account for statistical analysis. All measurements were 
carried out with a foetus being positioned in a fixed, 
uniform manner on the measuring table. The obtained 
data was routed to MS Excel 2010, Microsoft Corp., 
Redmond, WA, USA. The obtained digital data were 
then statistically analysed using the Statistica PL, Tibco 
Software Inc., USA statistical package. The average 
values were adjusted to the middle of the age class ac-
cording to the Legrange interpolation formula [5]. Aim 
of this statistical procedure was to achieve equal time 
intervals between successive age classes. This made it 
possible to precisely determine the growth rate of each 
of the analysed features. Two-factor ANOVA variance 
analysis was used to assess bilateral and dimorphic dif-
ferences. In order to examine the differences between 
the quality features, the chi-square test of independ-
ence was used. For the analysed metric features, the 
rate of their growth was calculated using the formula:

 
  

b–a
a  × 100, where ‘a’ is average value of the charac-

teristic in the month of development, ‘b’ — average 
value of this characteristic in the following month of 
development. Work has a local bioethical commission 
acceptance KB-708/2017. 

RESULTS
Metric evaluation

Length of the muscular belly and the length of 
terminal tendon of MPL (Table 2) were determined 
on the basis of preparation studies. In the case of the 
assessment of the length of the MPL belly, statistical 

analysis (t-Student test) did not reveal any statistical-
ly significant bilateral differences in both the male  
(p = 0.416) and female (p = 0.337) genders. Addi-
tionally, ANOVA’s two-factor analysis showed that 
among the analysed parameters only age, regardless 
of gender, significantly differentiated the MPL length 
(p < 0.001). At the same time, Tukey’s post hoc test 
revealed the presence of a statistically significant 
difference between the MPL length in 5-month-old 
foetuses and foetuses in the remaining age classes 
for both male and female sex. The test did not reveal 
differences between foetuses of different sexes in the 
same age class. However, a statistically significant dif-
ference was found between 6- and 8-month foetuses 
in both sexes (Table 3).

The Student’s t-test for the two dependent var-
iables showed no statistically significant bilateral 
differences between male (p = 0.41) and female  
(p = 0.09) foetuses while evaluating the length of 
the final MPL tendon. The analysis of the relationship 
between sex and age of foetuses (ANOVA) and the 
dynamics of growth of the tendon length showed 
that only age significantly differentiated the length 
of the tendon (p < 0.001) regardless of the examined 
side. Additionally, the post hoc test revealed that 
there is a statistically significant difference between 
the length of the MPL tendon in 5-month-old foetuses 
and foetuses in other age classes. A difference was 
also observed between 6- and 8-month-old foetuses 
but only the male gender (Table 4).

The most intensive increase in the length of this 
muscle (belly and tendon) is characteristic for the 
period between 5 and 6 months of age. Period be-
tween 6 and 7 month of the intrauterine development 
demonstrates a decrease in the rate of growth by 
70–80%. Re-acceleration of the growth rate takes 
place in the 8 month and it is about 1/3 of the value 
when compared to the first observed period.  

The data on the thickness of the MPL belly are pre-
sented in Table 5. Statistical analysis carried out with 
the Student’s t-test for the two dependent variables 
confirmed the absence of bilateral differences in the 
male sex (p = 0.70) and the presence of borderline 
statistical differences in the female sex (p = 0.049). 
Similarly to muscle length and tendon length of the 
MPL, its thickness varies only by age of the individuals 
regardless of body side (ANOVA; p = 0.000). Analysis 
of the maximum thickness of the MPL indicates that 
the most intensive growth rate is observed between 
5 and 6 month of the foetal life and this is visible for 
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Table 3. Results of the post-hoc test (Tukey’s test) for two-way ANOVA age to sex in the range of musculus peroneus longus belly 
length in the examined foetal group. The red numbers indicate statistically significant result. 

Sex Age 1 2 3 4 5 6 7 8

Right side 39.574 54.651 59.361 66.675 42.314 56.000 59.914 65.820

Male 5 0.000032 0.000032 0.000032 0.816700 0.000032 0.000032 0.000032

Male 6 0.000032 0.380128 0.041410 0.000032 0,994324 0,166184 0.045341

Male 7 0.000032 0.380128 0.325851 0.000032 0.787345 0.999998 0.710049

Male 8 0.000032 0.041410 0.325851 0.000032 0.048131 0.392693 0.999999

Female 5 0.816700 0.000032 0.000032 0.000032 0.000032 0.000032 0.000032

Female 6 0.000032 0.994324 0.787345 0.008131 0.000032 0.542008 0.046946

Female 7 0.000032 0.166184 0.999998 0.392693 0.000032 0,542008 0.777974

Female 8 0.000032 0.045341 0.710049 0.999999 0.000032 0.046946 0.777974

Left side 39.209 54.828 59.067 65.675 41.803 55.687 59.964 67.260

Male 5 0.000032 0.000032 0.000032 0.864503 0.000032 0.000032 0.000032

Male 6 0.000032 0.542445 0.007889 0.000032 0.999716 0.205708 0.017520

Male 7 0.000032 0.542445 0.482301 0.000032 0.794361 0.999961 0.425621

Male 8 0.000032 0.007889 0.482301 0.000032 0.021118 0.634922 0.999965

Female 5 0.864503 0.000032 0.000032 0.000032 0.000032 0.000032 0.000032

Female 6 0.000032 0.999716 0.794361 0.021118 0.000032 0.440039 0.036944

Female 7 0.000032 0.205708 0.999961 0.634922 0.000032 0.440039 0.555593

Female 8 0.000032 0.017520 0.425621 0.999965 0.000032 0.036944 0.555593

both sexes. Period between 6 and 7 month of a foetal 
development reveals the reduction of the growth rate 
by 50% to 75%. Between 7 and 8 month of the pre-
natal period development, the rate of growth of the 
characteristics decreases very rapidly. The decrease 
ranges from as much as up to 98%. It was only in 
the case of the right MPL in male foetus that growth 
rate remained at the same level as in the previous 

period. Detailed statistics (Tukey’s post hoc test) are 
shown in Table 6.

Morphological evaluation

Proximal attachment

According to data from the previously published 
studies, based on an evaluation of the dissection ma-
terials, the proximal attachment of the MPL is located 

Table 2. Basic metric characteristics of musculus peroneus longus (MPL) in examined population

Age class N MPLL MPLT

Right (SD) Left (SD) Right (SD) Left (SD)

Male

5 34 39.57 (6.12) 39.21 (1.33) 27.67 (0.99) 27.94 (5.73)

6 39 54.56 (7.34) 54.83 (1.24) 37.45 (0.93) 37.30 (5.21)

7 18 59.36 (7.26) 59.07 (1.83) 38.81 (1.37) 40.23 (5.67)

8 8 66.68 (5.42) 65.68 (2.75) 44.58 (2.05) 46.04 (6.41)

Female

5 35 42.31 (8.31) 41.80 (1.32) 28.59 (0.98) 28.85 (6.31)

6 39 56.00 (7.70) 55.69 (1.24) 38.49 (0.93) 39.12 (6.02)

7 22 59.91 (9.96) 59.96 (1.83) 40.19 (1.24) 41.04 (6.37)

8 5 65.82 (7.67) 67.26 (2.75) 44.72 (2.60) 45.40 (5.01)

L — belly length; T — tendon length; SD — standard deviation
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on the lateral surface of the knee region. The orig-
inal attachment of the muscle was being observed 
between the proximal part of the fibula and the 
proximal part of the tibia due to the course of the 
common fibular nerve in majority of the examined 
specimens. The site of the original attachment was 
found to be either very large, including the head 
of fibula, part of the shaft of fibula as well as the 
lateral condyle of tibia or very narrow, including only 
the fibula head. Based on anatomical observations, 
six basic types of primary muscle attachments were 
determined (Fig. 1):

—— type I — head of the fibula, 1/2 superior of the 
shaft of the fibula, lateral condyle of the tibia;

—— type II — head of the fibula, 1/2 superior of the 
shaft of the fibula;

—— type III — head of the fibula, lateral tibia, superior 
1/3 of the body of fibula

—— type IV — head of the fibula, lateral tibia, superior 
2/3 of the body of fibula;

—— type V — head of the fibula, lateral condyle of 
the tibia;

—— type VI — other locations not included within 
the aforementioned and remaining types of the 
original attachment.

Table 4. Results of the post-hoc test (Tukey’s test) on musculus peroneus longus tendon length for the examined group. Results in red 
are statistically significant

Sex Age 1 2 3 4 5 6 7 8

Right side 27.67 37.45 39.81 44.58 28.59 38.49 40.19 44.72

Male 5 0.000032 0.000032 0.000032 0.997982 0.000032 0.000032 0.000032

Male 6 0.000032 0.844296 0.033750 0.000032 0.993613 0.641422 0.143218

Male 7 0.000032 0.844296 0.530317 0.000032 0.993183 0.999999 0.706019

Male 8 0.000032 0.033750 0.530317 0.000032 0.122558 0.599782 1.000000

Female 5 0.997982 0.000032 0.000032 0.000032 0.000032 0.000032 0.000032

Female 6 0.000032 0.993613 0.993183 0.122558 0.000032 0.957691 0.316984

Female 7 0.000032 0.641422 0.999999 0.599782 0.000032 0.957691 0.765517

Female 8 0.000032 0.143218 0.706019 1.000000 0.000032 0.316984 0.765517

Left side 27.94 37.30 40.23 46.04 28.85 39.12 41.04 45.40

Male 5 0.000032 0.000032 0.000032 0.998262 0.000032 0.000032 0.000032

Male 6 0.000032 0.654295 0.003243 0.000032 0.872867 0.247059 0.072549

Male 7 0.000032 0.654295 0.280427 0.000032 0.997859 0.999868 0.661700

Male 8 0.000032 0.003243 0.280427 0.000032 0.049874 0.443223 1.000000

Female 5 0.998262 0.000032 0.000032 0.000032 0.000032 0.000032 0.000032

Female 6 0.000032 0.872867 0.997859 0.049874 0.000032 0.923765 0.322431

Female 7 0.000032 0.247059 0.999868 0.443223 0.000032 0.923765 0.810350

Female 8 0.000032 0.072549 0.661700 1.000000 0.000032 0.322431 0.810350

Table 5. Basic statistical data of musculus peroneus longus 
belly thickness

Age N Mean value (standard deviation)

Male, right

5 34 1.31 (0.38)

6 39 2.09 (0.68)

7 18 2.41 (0.74)

8 8 2.81 (0.58)

Male, left

5 34 1.35 (0.35)

6 39 2.02 (0.52)

7 18 2.52 (0.82)

8 8 2.51 (0.56)

Female, right

5 35 1.50 (0.58)

6 39 2.14 (0.53)

7 22 2.57 (0.79)

8 5 2.60 (0.56)

Female, left

5 35 1.53 (0.52)

6 39 2.03 (0.52)

7 22 2.36 (0.75)

8 5 2.38 (0.41)
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Statistical analysis (test for two structure parameters) 
did not reveal statistically significant dimorphic differ-
ences in the frequency of individual types of MPL prox-
imal attachments on the right and left side (p ≥ 0.05).

Distal attachment

Analysis of the distal part of the MPL has shown 
that in about 90% of cases the terminal attachments 
are located on the medial cuneiform bone and on the 

base of the first metatarsal bone. Three basic types of 
this attachment have been distinguished:

—— type 1 — medial cuneiform bone with the base 
of the first metatarsal bone (Fig. 2);

—— type 2 — base of the first metatarsal bone (Fig. 3);
—— type 3— medial cuneiform bone (Fig. 4).
The remaining 10% of the population was char-

acterised by a very variable terminal attachment in-
cluding the surface of medial cuneiform bone, shaft 

Table 6. Results of the post-hoc test (Tukey’s test) on musculus peroneus longus belly thickness for the examined group. Results in 
red are statistically significant

Sex Age 1 2 3 4 5 6 7 8

Right side 1.31 2.09 2.41 2.81 1.50 2.14 2.57 2.60

Male 5 0.000033 0.000032 0.000032 0.894120 0.000032 0.000032 0.000243

Male 6 0.000033 0.607280 0.044574 0.000692 0.999977 0.062652 0.641840

Male 7 0.000032 0.607280 0.759939 0.000038 0.779637 0.990376 0.998376

Male 8 0.000032 0.044574 0.759939 0.000033 0.078102 0.977459 0.998673

Female 5 0.894120 0.000692 0.000038 0.000033 0.000178 0.000032 0.003537

Female 6 0.000032 0.999977 0.779637 0.078102 0.000178 0.133019 0.746058

Female 7 0.000032 0.062652 0.990376 0.977459 0.000032 0.133019 1.000000

Female 8 0.000243 0.641840 0.998376 0.998673 0.003537 0.746058 1.000000

Left side 1.35 2.02 2.52 2.51 1.53 2.03 2.36 2.38

Male 5 0.000041 0.000032 0.000035 0.890278 0.000039 0.000032 0.003249

Male 6 0.000041 0.035664 0.314252 0.004389 1.000000 0.311993 0.879043

Male 7 0.000032 0.035664 1.000000 0.000032 0.039344 0.984605 0.999654

Male 8 0.000035 0.314252 1.000000 0.000233 0.327963 0.997880 0.999904

Female 5 0.890278 0.004389 0.000032 0.000233 0.003775 0.000033 0.032970

Female 6 0.000039 1.000000 0.039344 0.327963 0.003775 0.331978 0.886912

Female 7 0.000032 0.311993 0.984605 0.997880 0.000033 0.331978 1.000000

Female 8 0.003249 0.879043 0.999654 0.999904 0.032970 0.886912 1.000000

Figure 1. The main six types of fibularis longus muscle proximal attachments.
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Figure 2. Type 1 of the distal attachment of the 
musculus fibularis longus; A — the base of the 
first metatarsal bone; B — medial cuneiform bone, 
female, right, 7 month.

Figure 4. Type 3 distal attachment of the musculus 
peroneus longus; male, right, 7 month.

Figure 3. Type 2 of the distal attachment of the 
musculus fibularis longus; female, right, 7 month.
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Table 7. Distal attachment of the musculus fibularis longus typology. Type 4 constitutes a group of single unrelated attachment types

Distal attachment type Right Left

Male Female Total Male Female Total 

N P N P

Type 1 77 (74.76%) 76 (73.08%) 153 0.34 70 (67.96%) 77 (74.04%) 147 0.51

Type 2 7 (6.80%) 10 (9.62%) 17 0.52 10 (9.71%) 18 (17.31%) 28 0.1259

Type 3 10 (9.71%) 14 (13.46%) 24 0.46 15 (14.56%) 5 (5.77%) 20 0.01

Type 4 9 (8.73%) 4 (3.84%) 13 0.31 8 (7.77%) 4 (3.85%) 12 0.02

All 103 (100%) 104 (100%) 207 – 103 (100%) 104 (100%) 207 –

of the first metatarsal bone and the navicular bone. 
For statistical purposes, this differentiated group was 
defined as type 4 of the terminal attachment of the 
MPL. The analysis did not reveal the presence of 
statistically significant differences in the location of 
terminal attachment of the MPL in the right limb. 
Analysis of the left lower limb revealed a significantly 
statistical difference in the occurrence of type 3 ter-
minal attachment of the MPL — was more common 
in male foetuses (14.56%) than in female foetuses 
(5.77%). Statistically significant differences in type 4 
were also found (Table 7).

DISCUSSION AND CONCLUSIONS
Musculus peroneus longus is of great clinical 

importance. Cases of its damage accompanied by 
the occurrence of the inter-fascial tightness syn-
drome have been frequently described [1, 18, 27, 
29]. First of all, peroneus longus tendon autografts 
are commonly used in many orthopaedic proce-
dures like deltoid ligament reconstruction [13] and 
medial patellofemoral ligament reconstruction [14] 
and anterior cruciate ligament reconstruction [24] 
(anterior half of the peroneus longus tendon). One 
of the reasons associated with clinical usefulness of 
the tendon is its length and its stable, unchange-
able course, which has been shown in our study. 
Additionally, its attractiveness in terms of surgical 
procedures results from synergistic function of the 
MPL and peroneus brevis muscle. 

When analysing the proximal part of the MPL, 
the most frequently pointed are the lateral condyle 
of the tibia and the head of fibula [7] as the site of 
the original attachment. According to Davda et al. [6] 
its origin is on the proximal 2/3 lateral side of fibula, 
anterior intermuscular septum and the lateral condyle 
of the tibia. The results obtained in this study also 
indicated that the site of the original attachment of 

this muscle is quite varied. The original attachment 
was usually located on the head and the closer half 
of the fibula and on the lateral condyle of the tibia. 
This applies to the whole examined foetus cohort, 
which may imply that this feature does not show 
any significant dimorphic and bilateral differences. 
Evaluating the dynamics of the belly and MPL ten-
don development, the authors, who describe the leg 
muscles in the foetal period, present very diverse and 
contradictory data. For example Domagala et al. [9] 
when analysing the peroneus tertius, proved that 
as the foetus age increase, an increasingly longer 
belly and proportionally shorter tendon are being 
observed. According to the authors of the paper this is 
to be a result of physical activity of the foetus, which 
increases in utero with age. It must be emphasised 
that the study of Domagala et al. [9] includes the 
analysis of an atypical muscle within the anterior 
compartment of the leg and relatively large foetal 
material is examined by the authors. Within the MPL 
analysis, Albay and Candan [2] proves that the length 
of tendon increases rapidly in the third trimester. This 
work, however, is based on a much smaller study 
group and the material is divided into only three age 
classes (second trimester, third trimester, full time 
newborns). On the other hand, the results of our 
work indicate that the growth rate of both the belly 
and the MPL tendon is similar, the highest in the fifth 
to sixth month of life, whereupon it drops sharply 
to slightly increase in the last age class. It has not 
been proved that the dynamics of an increase in the 
tendon length has significantly changed in relation 
to the length of the belly.

From 5 month of the foetal life the MPL tendon 
in the examined foetuses proved to be very long. Its 
length is close to the length of the entire muscle. It 
was observed that the tendon begins deeply between 
the muscle fibre bundles, which has been confirmed 
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by the research of Bogacka et al. [4] carried out on 
adults. This tendon subsequently runs along the plan-
tar region of foot and is usually attached to the base 
of the first metatarsal bone [24]. Shyamsundar et 
al. [26] suggest that the MPL attachment to the first 
metatarsal bone is most commonly observed and 
typical muscle termination. The authors claim that 
the connection observed between the tendon and the 
medial cuneiform bone is only a weak slip. According 
to our observations, the dominating attachment was 
the one connected within the medial cuneiform bone 
and the first metatarsal bone, but the distribution of 
fibres between the bones was either proportional or 
the majority of fibres were directed towards the plan-
tar surface of the medial cuneiform bone. Similarly 
to our observations, Davda et al. [6] indicate the site 
of the muscle attachment on the closer part of the 
plantar surface of the medial cuneiform bone and on 
the base of the first metatarsal bone in a more pre-
cise manner. Despite the fact, the authors emphasize  
a relatively high variability of the terminal attachment. 
Moreover, a major interpersonal differentiation of 
this trait has been revealed by the foetal studies. In 
more than 70% of all examined individuals, the site 
of terminal attachment of the MPL was shown to be 
on the medial cuneiform bone and on the base of 
the first metatarsal bone. The remaining types are 
present in 30% of cases, so it may be concluded that 
the encountering any of them in practice is less likely. 

Analysis of differences between average values 
of length, breadth and thickness of both muscles in 
successive age classes has shown that the growth 
rate of both muscles is very similar to that of the 
scapula [19]. The authors indicate a negative corre-
lation with the length-width index of the scapula in 
foetuses, observed with age. This study has revealed 
that thickness increases most intensely, then as in the 
case of the scapula, it is followed by the width and 
finally the length.

The authors have described a great number of 
anomalies and variations within the peroneal mus-
cles region. Example: a low-located muscle tummy, 
presence of a bone spur of the fibula penetrating 
into the muscles, a very extended peroneal trochlea, 
a very slack inferior peroneal retinaculum and many 
others [3, 22, 33]. However, in the examined sample, 
no aforementioned varieties or abnormalities in the 
course of peroneal muscles were found. It should 
therefore be concluded that the anomalies and va-
rieties mentioned within the peroneal muscles, are 

secondary. They do not result from developmental 
errors in the embryonic period, but suggest that they 
occur along with the motility of the lower limbs. Thus, 
they are rather the result of paragenetic or epigenetic 
and environmental factors.
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Background: The paratenon is a sheath-like connective tissue that allows the 
tendon to move with minimal friction. The careful removal of the paratenon along 
the cruciate ligaments is a critical step of knee surgery. Thus, orthopaedic surgeons 
and interventional radiologists consider the paratenon as a basic anatomical tissue 
along a ligament, not along a tendon. 
Materials and methods: We performed macroscopic and histological observations 
of cruciate ligament-associated paratenons in 43 human foetuses. 
Results: This tissue usually had a thick armour-like appearance that was distant 
from the infrapatellar fat pad. The anterior cruciate ligament, rather than the pos-
terior ligament, was deeply embedded in the paratenon. The paratenon contained 
abundant arteries and veins and, at and near the crossing between the cruciate 
ligaments, had a well-developed venous plexus. Notably, there were abundant 
fused veins in the paratenon venous plexus, and prenatal knee movements (es-
pecially rotation) seemed to restrict its blood supply, leading to the development 
of a large cavity by way of advancing fusion of veins in the degenerating plexus. 
This unique manner of cavitation likely expanded the joint cavity. 
Conclusions: Differences in knee movements in utero seemed to cause differ-
ences in the thickness of the paratenon among foetuses. New-borns might have 
limited knee flexion due to a mass-effect of the thick paratenon around the cru-
ciate ligaments. A slight twisting or rotation at the knee may help to release the 
knee, because it can break the foetal paratenon and accelerate cavitation. (Folia 
Morphol 2022; 81, 1: 134–143)

Key words: paratenon, tendon sheath, cruciate ligament of the knee, 
histology, human foetus

mailto:407kk@hanmail.net


135

J.H. Kim et al., Paratenon of the foetal knee

INTRODUCTION
There is variation and some confusion in use of the 

term “paratenon” among clinicians. Benjamin et al. [1]  
provided concise definitions of the paratenon and its 
analogues as follows: the endotendon is a thin film 
of loose connective tissue providing a vascular route; 
the epitenon surrounds the tendon as a whole and is 
continuous with the endotendon; and the paratenon 
is a tendon sheath that has a different histology and 
is clearly separated from the tendon itself. These au-
thors considered the paratenon of the Achilles tendon 
as the best example. Therefore, the paratenon is not 
usually continuous with the synovial lining of a joint; 
similarly, some bursas, such as the trochanteric bursa, 
do not communicate with the joint cavity. 

The careful removal of the paratenon along the 
cruciate ligament is a critical step in knee surgery [3], 
and paratenon stripping is an important procedure 
in interventional radiology of the knee [14]. The pa-
ratenon of the knee refers specifically to a sheath 
of the ligament, in contrast to the other or more 
common use of this term to refer to a sheath of the 
Achilles tendon [8, 18, 19]. Clinicians commonly use 
the term “paratenonitis” to refer to inflammation of 
the outer layer of the tendon, regardless of whether 
the paratenon is lined by a synovium [12]. However, 
for knee surgeons and interventional radiologists, 
the paratenon is a basic anatomical tissue along  
a ligament, not along a tendon. In the knee joint, the 
synovial lining should cover the paratenon along the 
cruciate ligaments. Because the infrapatellar fat pad 
is the largest synovial plica (thin tissue fold) in the hu-
man body, it might communicate with the paratenon.

The general aim of this study was to describe the 
development and morphology of the paratenon along 
the cruciate ligaments of the knee in human foetuses. 
The cruciate ligaments develop in the interzone mesen-
chymal tissue, between the femur and tibia [5, 15, 16]. 
Thus, it is likely that the paratenon also develops from 
primary interzone tissue, rather than being divided 
from the established cruciate ligament. The specific 
aim of this study was to determine whether a synovial 
lining was present at the expanding joint cavity along 
and around the paratenon of the knee. Previous re-
search showed that the cytoplasm-rich cells in foetal 
synovial tissues had a cuboidal appearance [9, 13]. 

MATERIALS AND METHODS
This study was performed in accordance with the 

provisions of the 2013 revision of the Declaration 

of Helsinki. For macroscopic observations, the left 
knees of 25 near-term foetuses (crow-rump length 
[CRL]: 272–310 mm; gestational age [GA]: 32–37 
weeks) were examined. The patellar tendon was cut 
at the tibial attachment to reflect the patella and 
infrapatellar fat pad upward. During the reflection, 
an attachment of the fat pad to the femur was cut (if 
present). A slight dissection was performed along the 
cruciate ligaments, and photos were taken at each 
step using a Pentax K-1 camera with a 50–100 mm  
zoom lens.

For histological observations, sagittal sections of 
the unilateral knee from 8 midterm foetuses (CRL: 
35–73 mm; GA: 8–12 weeks) and 10 near-term foe-
tuses (CRL: 280–320 mm; GA: 33–39 weeks) were 
examined. The latter 10 specimens were not used 
for the macroscopic observations. All sections were 
stained with haematoxylin and eosin (H&E). Most 
histological photographs were taken using a Nikon 
Eclipse 80, but photographs at ultra-low magnifica-
tion (objective lens less than ×1) were taken using  
a high-grade flat scanner with translucent illumina-
tion (Epson scanner GTX970).

The histological sections from 6 midterm foetuses 
were part of the large collection at the Department 
of Anatomy of the Universidad Complutense, Madrid, 
and were from miscarriages or ectopic pregnancies 
at the Department of Obstetrics of the University. 
Until 1980, the sections had been prepared and 
stained with H&E, Azan or silver impregnation. The 
used of these specimens for research was approved 
by the Ethics Committee of Complutense University 
(B08/374). The knees of near-term foetuses were 
part of the collection of the Department of Anatomy, 
Akita University, Japan and were donated by families 
to the Department in 1975–1985 and preserved in 
10% w/w neutral formalin solution for more than  
30 years. Data on these specimens included the date 
of donation and the number of gestational weeks, but 
not the name of the family, obstetrician, hospital, or 
reason for abortion. The use of these specimens for 
research was approved by the Akita University Ethics 
Committee (No. 1428). 

The unilateral knees from the 10 near-term foe-
tuses were divided, and the specimens were incu-
bated at room temperature in Plank-Rychlo solution  
(AlCl2/6H2O, 7.0 w/v%; HCl, 3.6%; HCOOH, 4.6%) for 
1 to 2 weeks. Routine procedures for paraffin-em-
bedded histology were performed, and semiserial 
sections of knees were prepared at 0.1 mm intervals.
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RESULTS
Macroscopic observations

When we removed the patella and patellar ten-
don to open the knee joint from the anterior side, 
we also pulled off the infrapatellar fat pad from the 

joint cavity because it was attached to the patellar 
tendon at the inferior side of the patella. However, 
because a marginal part of the fat pad was attached 
to the femur, we cut it before taking photos (Fig. 1). 
The cruciate ligaments consistently had a smooth 

Figure 1. Anterior macroscopic views of the left knees of three near-term foetuses, with the patellas, infrapatellar fat pads, and patellar ten-
dons removed; A, B. Foetus of 305 mm crow-rump length (CRL), approximately 36 weeks gestational age (GA); C, D. Foetus of 286 mm CRL, 
approximately 33 weeks GA; E–G. Foetus of 276 mm CRL, approximately 32 weeks GA. When the knee joint was opened, the infrapatellar fat 
pad was cut at the femoral attachment if present (infrapatellar fat pad [IFP] cut, panel A). The anterior cruciate ligaments (ACL) was entirely 
covered by a thick capsule-like paratenon (panel B), and the paratenon likely contained a feather-like structure (panel D). Panel E shows a rare 
example of a thin paratenon along the anterior ligament. The posterior cruciate ligament (PCL) accompanied a band-like tissue (ligamentum 
mucosum, panel F). Both ligaments were almost in parallel when the tibia was twisted (panel G); M — meniscus. Scale bar in panel A (5 mm) 
refers to panels A–D; scale bar in panel E (5 mm) refers to panels E–G. 
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surface (Fig. 1A, C, E). However, this surface was not 
usually of the ligament itself, but of the paratenon. 
Twenty-three of the 25 knees examined macroscopi-
cally had anterior cruciate ligaments (ACLs) that were 
entirely covered by capsule-like paratenons (Fig. 1B), 
and these sometimes contained feather-like structures 
attached to the anterior aspect of the ACL (Fig. 1D). 
Thus, in contrast to the first impression upon open-
ing of the knee, the actual ACL was rarely exposed 
to the joint cavity (Fig. 1E). The ACL was evident in 
the anterior view in the other two knees (Fig. 1E, F). 
When the tibia was twisted, a crossing between the 
ACL and the posterior cruciate ligament (PCL) was 
released, and provided an almost parallel arrange-
ment (Fig. 1G). This posture allowed us to determine 
whether a residual paratenon was present or absent 
after dissection. 

The paratenon also covered the PCL, but was 
usually much thinner there than along the ACL. In  
6 of 25 knees in which the paratenon was thick along 
the PCL, it had the appearance of another ligament 
that merged with the ACL at the tibial attachment 
(i.e. the ligamentum mucosum, Fig. 1F). Therefore, in 
these 6 knees, the paratenon of the PCL tended to be 
thicker on the lower side due to the antero-inferior 
course of the ligamentum mucosum. We found no 
correlation between the foetal age and gross mor-
phology of the paratenon. 

Histological observations

	At midterm, an interzone mesenchymal tissue 
between the femur and tibia gradually disappeared 
(Fig. 2A). However, at 9 weeks GA, most parts of the 
ACL were embedded in the interzone tissue remnant 
(Fig. 2B). At that time, a joint cavitation advanced 
into the posterolateral part. Thus, along the PCL, the 
interzone tissue was limited to near the femoral at-
tachment (Fig. 2C). Development of the infrapatellar 
fat pad was much delayed relative to the cruciate 
ligaments (Fig. 2B). 

	At near-term, we found various stages of para-
tenon development, and no clear correlation of stage 
with foetus age or size. Thus, the larger knees did not 
usually have a sheath- or armour-like paratenon, and 
also did not usually have a larger joint cavity. A candi-
date initial stage of the paratenon differentiation was 
present in the posterior side of the ACL (Fig. 3A, B). In 
this case, the enlarging joint cavity was surrounded 
by synovial plica-like tissues and by ligament-like tight 
tissues; the latter was apparently divided from the 

ACL with long tears (Fig. 3B). In contrast, an initial 
change was limited to an interzone tissue remnant 
that extended inferiorly along the PCL (Fig. 3C, D). 

Figure 2. Sagittal sections of interzone mesenchymal tissues of the 
knee joints of two midterm foetuses; A. Foetus of 35 mm crow- 
-rump length (CRL), approximately 8 weeks gestational age (GA);  
B, C. Foetus of 46 mm CRL, approximately 9 weeks GA. At 8 weeks, 
the posterior cruciate ligament (PCL) was embedded in interzone 
mesenchymal tissue (arrows in panel A) of the knee joint. The pa-
tella was present in more medial sections. At 9 weeks, the anterior 
cruciate ligament (ACL) was embedded in the interzone tissue rem-
nant (stars in panel B) along almost the entire course. In contrast, 
along the PCL the loose tissue (star in panel C) was restricted near 
the femur (F). The infrapatellar fat pad was not developed (arrow-
heads in panel B); FI — fibula; M — meniscus; P — patella; PT — 
patellar tendon; T — tibia. Scale bar in panel A (1 mm)  
refers to all panels.
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Figure 3. Sagittal sections of the initial differentiation of the paratenon along the cruciate ligaments of the knees of two near-term foetuses; 
A, B. Foetus of 270 mm crow-rump length (CRL), approximately 32 weeks gestational age (GA); C, D. Foetus of 282 mm CRL, approximately 
33 weeks GA. Panels B and D provide magnified views of the delineated regions in panels A and C, respectively. An expanding joint space 
in the posterior side of the anterior cruciate ligaments (ACL) was surrounded by synovial fold-like tissues (triangles in panel B) and by liga-
ment-like tight tissues (stars in panel B). The latter appear to be divided from the anterior ligament because of tears (arrows in panel B). In 
contrast, a loose tissue (triangles in panel D), corresponding to an interzone tissue remnant (Fig. 2C), extended inferiorly along the posterior 
cruciate ligament (PCL). The infrapatellar fat pad (IFP) was connected to the femur (arrowhead in panel C); F — femur; M — meniscus; P — patella; 
PT — patellar tendon; T — tibia. Scale bar in panel A (1 mm) refers to panels A and C; scale bar in panel B (1 mm) refers to panels B and D. 

At the next stage (CRL 320 mm), the ACL ac-
companied a fatty tissue-rich paratenon or synovial 
plica around it (Fig. 4) or was embedded in a venous 
plexus-like paratenon (Fig. 6). These loose tissues 
contained abundant veins and several arteries. In 

contrast, the PCL accompanied the paratenon at and 
near the bony attachments. The infrapatellar fat pad 
was thick and long, and composed of a mesh of fi-
brous bands (less than 0.1 mm thick) that contained 
fatty tissues between the bands (Fig. 4C). The fat pad 
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Figure 4. Sagittal sections of the fibro-adipose tissues of the paratenon at the knee in a near-term foetus; A–F. Foetus of 320 mm crow-rump 
length (CRL), approximately 39 weeks gestational age (GA). Panels A (most medial), D, and E (most lateral) show the anterior cruciate liga-
ment (ACL) and posterior cruciate ligament (PCL) at low magnification. The ACL is separated from the infrapatellar fat pad (IFP) by a synovial 
plica (arrows in panel A). Panels B, C, and F provide magnified views of the delineated regions in panels A and B, and Figure 5 provides mag-
nified views of the delineated regions in panels B and E. The femoral attachment of the anterior ligament (panel B) was sandwiched by loose 
tissues or paratenons. Panel C shows the infrapatellar fat pad, which consists of fatty tissues in a mesh of fibrous bands (arrows; < 0.1 mm  
thick). Some fat pads contained thick fibre bundles (arrowhead; > 0.3 mm thick). Panel F shows a site near the crossing of the cruciate  
ligaments, in which the arteries run near the ligaments. A cavity along the anterior ligament contained remnant fibres (arrows in panel F).  
F — femur; P — patella; PT — patellar tendon; T — tibia. Scale bar in panel A (1 mm) refers to panels A, D and E; scale bar in panel B (1 mm)  
refers to panels B, C and F.

surface and the paratenon surface to the joint cavity 
were lined by cuboidal cells (i.e. a primitive synovial 
lining, Fig. 5A, B, F). In contrast, flat cells lined a loose 
space along the ACL (Fig. 5C, D). 

Notably, the cavity with flat lining cells continued 
to or communicated with the other non-lining spaces, 

which contained thin fibres (Figs. 4F and 5E) and/or 
fragmented tissues (Fig. 6C, D, G). Thus, at near-term, 
the drastic reconstruction of the paratenon was likely 
to occur with a cavitation along the ACL. Likewise, in 
the venous plexus-like paratenon (Fig. 7), vein fusion 
and degeneration provided a venous valve-like struc-
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ture (i.e. a degenerating venous endothelium, Fig. 
7B–E). This morphology was quite different from an 
actual vein that was surrounded by a flat endothelial 
lining (Fig. 7A). Therefore, the venous fusion was 
similar to the process of joint cavitation via fusion of 
small spaces in degenerative tissues (Fig. 5C). These 
processes of the cavitation and venous reconstruction 

in the paratenon exposed the nearby arteries to the 
joint cavity (Figs. 4F and 6G). 

DISCUSSION 
The present study is apparently the first histo-

logical report of the paratenon of the knee in hu-
man foetuses. Because these ligament-associated 

Figure 5. A–H. Higher magnification views of the fibro-adipose paratenon and synovium in a near-term foetus. Images are from delineated 
regions in panels B, D and E of Figure 4. Cuboidal and flat cells were mixed, and lined a surface of the infrapatellar fat pad (IFP, panel A) and 
a synovial plica along the anterior ligament (panel B). Along the anterior aspect of the anterior cruciate ligament (ACL) (panel C), there was 
a thick and long cavity without lining cells (stars) and two thin cavities with a lining of flat cells (triangles). At a site below panel C, a cavity 
in panel D was lined by flat cells (arrows) but was exposed to ACL fibres without lining (arrowheads). There were also small spaces with 
unclear lining cells (stars in panel D). Near the tibial attachment of the ACL (panel E), a cavity (stars) contained multiple remnant fibres. There 
was a cuboidal cell lining of the paratenon near the femoral attachment of the anterior ligament (arrows in panel F). In contrast, there were 
fragmented tissues without lining cells (arrowheads in panel G) near the femoral attachment of the posterior cruciate ligament (PCL). The PCL 
had a short synovial plica near the tibia (panel H). Scale bar in panel A (1 mm) refers to all panels. 
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Figure 6. Sagittal sections of a vein-rich paratenon at the knee in a near-term foetus (280 mm crow-rump length, approximately 33 weeks 
gestational age); A–D. The anterior cruciate ligament (ACL) and posterior cruciate ligament (PCL) at low magnification, and panel A is the 
most medial view. Delineated areas in these panels are shown in panels E–G and Figure 7. The tibial attachment of the posterior ligament 
(panel E) contains abundant veins. In the anterior side of the anterior ligament (panel F), veins in the paratenon appear to be broken or degen-
erated (see also Fig. 7B). Near the crossing of the ACL and PCL (panel G), veins with irregular shapes form a plexus (see also Fig. 7C–E).  
F — femur; IFP — infrapatellar fat pad; M — meniscus; T — tibia. Scale bar in panel A (1 mm) refers to panels A–D; scale bar in panel E  
(1 mm) refers to panels E–G. 

tissues are small and thin in midterm foetuses, we 
believe that the thick paratenons that we identified 
macroscopically in near-term foetuses (Fig. 1) likely 
developed from the interzone mesenchymal tissue 
between 13 and 31 weeks GA. In contrast to the de-
velopment of a tight meniscus in the loose interzone 

tissue [4], a relatively loose paratenon did not have  
a definite shape during the prenatal period. However, 
in near-term foetuses, there was likely to be a drastic 
reconstruction of the paratenon, especially along 
the ACL. At this time, individual differences in the 
thickness of the paratenon became evident along the 



142

Folia Morphol., 2022, Vol. 81, No. 1

Figure 7. A–E. Higher magnification views of normal and specific veins in the paratenon of a near-term foetus. Images are from delineated re-
gions in panels E–G of Figure 6. Panel A shows a flat endothelial cell lining of a vein that is clearly different from the synovial lining of the joint 
cavity (see also Fig. 5A, B). Veins in the paratenon of the cruciate ligaments (panels B–E) often have valve-like structures of the endothelium 
(arrows) and broken or degenerated endothelium (stars). Scale bar in panel A (0.1 mm) refers to all panels. 

ACL, presumably due to differences in knee posture 
in utero. A slight twisting of the cruciate ligaments 
(i.e. a slight rotation at the knee) at this time prob-
ably pushed and interfered with enlargement of the 
paratenon. Actually, Katz et al. [10] reported greater 
external rotation of the tibia in babies after earlier 
delivery. We found two-types of histology: a fatty 
tissue-rich paratenon and a venous plexus-like para-
tenon. Because active cavitation in the paratenon was 
suggested in the venous plexus, it is unlikely that one 
type of paratenon could change into the other type. 
In both types, the paratenon contained abundant 
arteries and veins, especially at and near the crossing 
between the cruciate ligaments.

Notably, veins in the paratenon were likely to fuse 
and, because of limited blood supply from prenatal 
knee movements, the plexus seemed to degenerate. 

In the degeneration in near-term knees, the advancing 
fusion of venous cavities seemed to provide a large 
cavity without the usual cuboidal synovial cell lining. 
This might be a unique manner of joint cavitation, 
although it is somewhat similar to the fusion of thy-
roid follicles in the aged thyroid because of abundant 
valve-like fragments of the follicle wall [20]. A similar 
fusion is also seen in circadian changes of the follicles 
although it is followed by re-division: the size of fol-
licle drastically changes [21]. The unique cavitation 
in the paratenon venous plexus exposed the nearby 
arteries to the joint cavity (Figs. 4F and 6G), and 
these arteries should be degenerated. In near-term 
foetuses, we recently reported a close topographical 
relationship between the tributaries of the external 
vertebral venous plexus and recesses of the zyga-
pophysial joint cavity [13]. A degenerating venous 



143

J.H. Kim et al., Paratenon of the foetal knee

plexus during joint cavitation might be a common 
method of development. Although we cannot deny 
the possibility that the present venous plexus-like 
paratenon is pathological, we are unaware of any 
evidence supporting this interpretation. 

It is well known that knee joints undergo frequent 
movements in utero [6, 7, 11]. A baby usually has 
a knee flexion posture at birth. In new-borns and 
infants, stiffness at the knee is released from 21.4 to 
3.3 degrees within the first 6 months [2]. This knee 
stiffness is apparently caused by a mass-effect of 
the thick paratenon armoured around the cruciate 
ligaments. A slight twisting or rotation at the knee 
is likely to release an infant’s knee because it can 
break the paratenon and accelerate cavitation. Finally, 
we had a study limitation that we did not perform  
a MOVAT’s pentachrome staining [17] for long-pre-
served specimens.

CONCLUSIONS
Differences in knee movements in utero seemed 

to cause differences in the thickness of the paratenon 
among foetuses. New-borns might have limited knee 
flexion due to a mass-effect of the thick paratenon 
around the cruciate ligaments. A slight twisting or 
rotation at the knee may help to release the knee, 
because it can break the foetal paratenon and accel-
erate cavitation.
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Background: The Achilles tendon (AT) develops from the merge of the tendinous 
part of the gastrocnemius (GM) and soleus (SM) muscles. The AT is the structural 
base for the biomechanical work of the ankle joint. Understanding morphometry 
of the AT is crucial due to the tendon vulnerability to rupture and damage which 
requires further surgical repair and management. Despite its clinical significance, 
data concerning measurements of the AT in human foetuses are scare. The aim 
of our study was to assess the AT, GM and SM morphometry in human foetuses.
Materials and methods: Thirty-seven spontaneously-aborted human foetuses 
(17 male, 20 female) aged 18–38 weeks of gestation were examined. The mor-
phometry of the GM, SM and AT were evaluated.
Results: No significant correlation between sex or side and size of the AT in 
human foetuses was observed. The only significant correlation was between sex 
and the length of the tendon of the SM; in 3rd trimester it was longer in male 
than in female. In 2nd trimester the SM muscle to tendon ratio was higher in 
female than in male.
Conclusions: There was no significant correlation between sex or side and size 
of the AT in human foetuses, probably due to scant muscle load during prenatal 
period. (Folia Morphol 2022; 81, 1: 144–149)

Key words: foetuses, Achilles tendon, calcaneal tendon, triceps suralis

INTRODUCTION
The Achilles tendon (AT), also known as calcaneal 

tendon, is the largest and the strongest tendon in hu-
man body [9, 14, 23]. The AT develops from the merge 
of the tendinous part of the gastrocnemius muscle (GM) 
and soleus muscle (SM) [2, 5, 9]. The GM and SM, that 
is beneath the GM, componentize the triceps surae or 
“calf” muscle [5, 7]. The triceps surae and the AT belong 
to superficial compartment of the calf [14]. The GM is 
composed of two heads, the medial and lateral. The 
medial head originates from the medial supracondylar 
line and adductor tubercle of the femur, and the lateral 

head originates from the posterior part of the lateral 
femoral condyle, posterior and superior to the lateral 
epicondyle [5]. The lateral head is smaller, shorter and 
extends in lesser degree than the medial head [5, 25]. 
The SM originates from the soleal line and the middle 
part of the border of the tibia, from the posterior surface 
of the head and proximal part of the shaft of the fibula, 
and from a fibrous band between these two bones 
[25]. The AT is supplied by the posterior tibial artery, 
the peroneal arteries and the tibial nerve [14]. The AT 
inserts to the calcaneal tuberosity, to its posterior-su-
perior aspect [11, 26].
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The AT is the structural base for the biomechanical 
work of the ankle joint [28]. The GM with the SM is 
the main plantar flexor of the ankle joint [14, 24]. The 
SM is also a powerful knee flexor [21]. It is not able 
to exert full power at both joints simultaneously, for 
example when the knee is flexed; GM is unable to 
generate as much force at the ankle [21]. The opposite 
is true when the ankle is flexed. 

Multiple morphological variations were described 
in this area, whereas most of them concerns plantaris 
muscle, GM and SM, especially their attachments, 
number of heads or even presence [17, 20, 21]. 

Increasing interest in sport activity results in in-
creasing number of tendon injuries [9]. Problems with 
tendons are dominated by the AT, among athletes 
as well as the general public [9, 11, 28]. Disorders of 
the AT might be traumatic and nontraumatic, e.g. 
tendinopathy, ruptures of the tendon and insertional 
tendinitis [18, 29, 30]. Congenital disorders of the AT 
may result in toe walking or equinus deformation in 
children [8]. Understanding morphometry of the AT 
is crucial due to the tendon vulnerability to rupture 
and damage which requires further surgical repair 
and management [11]. Previous studies compared 
the measurements of the AT i.a. between sexes or 
sides in adults and proposed that differences were 
more correlated with the muscle strength, rather 
than gender [13]. Despite its clinical significance, 
data concerns measurements of the AT in human 
foetuses are scare.

The aim of our study was to assess the AT, GM and 
SM morphometry in human foetuses. We hypothesize 
that there will not be significant correlation between 
sex or side and size of the AT in human foetuses be-
cause of scant muscle load during prenatal period. 

MATERIALS AND METHODS
Thirty-seven spontaneously-aborted human foe-

tuses (17 male, 20 female) aged 18–38 weeks of 
gestation were examined. The foetuses were ob-
tained from spontaneous abortion after parental 
consent. The study was conducted in accordance 
with the cadaveric donation programme for both 
adults and foetuses and with the legal procedures 
in force in Poland. Their ages were determined on 
the basis of cranio-sacral and head measurements. 
Foetuses were divided into two groups according 
to trimester. Permission for the study was received 
from the Local Bioethic Committee (agreement no. 
RNN/218/20/KE).

A dissection of the leg and foot was performed by 
traditional techniques [15, 16, 18, 19]. Firstly GM was 
exposed by the subcutaneous tissue. Morphometric 
measurements of the lateral and medial head and the 
tendon of the GM were performed. Secondly GM was 
separated from the SM, then measurements of the 
muscle and tendon of the SM were performed. The 
thickness and width of the AT was measured at its 
insert to calcaneal tuberosity. Detailed measurements 
are characterized in Table 1 and Figure 1. Measure-
ments were carried out with an electronic digital calli-
per (Mitutoyo Corporation, Kawasaki-shi, Kanagawa, 
Japan). Each measurement was performed twice with 
an accuracy of up to 0.01 mm.

Ethical approval and consent to participate

The cadavers belonged to the Department of An-
atomical Dissection and Donation, Medical University 
of Lodz. 

Statistical analysis

The collected measurements of muscles and ten-
don were compared using the Statistica 13.1 software 
package (StatSoft, Cracow, Poland). The Mann–Whit-
ney U test and the c2 test were used to compare nomi-
nal and contentious variables between two groups; the 
Shapiro–Wilk test was used to determine the normality 
of the distribution. The level of significance was 0.05.

RESULTS
The mean length of medial head of GM was longer 

than lateral head in both second and third trimester 

Table 1. Detail measurements of muscles and tendon

Structure Measurements 

Gastrocnemius  
muscle

Length of the lateral head — distance from posterior 
part of the lateral femoral condyle to the end of its 
muscle part
Length of the medial head — distance from poste-
rior part of the medial femoral condyle to the end of 
its muscle part
Length of the lateral tendon — distance from the 
end of its muscle part to the calcaneal tuberosity
Length of the medial tendon — distance from the 
end of its muscle part to the calcaneal tuberosity

Soleus muscle Length from its beginning at soleal line on tibia to the 
end of the muscle part
Length of the tendon from the end of its muscle part 
to the calcaneal tuberosity

Achilles tendon Width at the calcaneal tuberosity
Thickness at the calcaneal tuberosity
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(27.33 ± 6.04 mm vs. 29.46 ± 5.95 mm, p = 0.049; 
45.84 ± 5.85 mm vs. 40.47 ± 5.9 mm, p = 0.036, re-
spectively). The mean length of the tendon of the me-
dial part of the GM was shorter than lateral part; how-
ever, statistical difference was observed only in second 
trimester of the gestation (second trimester: 24.92 ±  
± 4.48 mm vs. 27.93 ± 4.29 mm, p < 0.001; third 
trimester: 42.22 ± 10.05 mm vs. 48.64 ± 90.1 mm,  
p = 0,113). In third trimester the mean length of 
muscle part of soleus was longer in male than in 
female, 62.98 ± 13.14 mm and 53.57 ± 2.57 mm, 
respectively. The mean length of tendon of SM in third 
trimester was also longer in male (24.83 ± 3.42 mm)  
than in female (18.95 ± 2.36 mm), what was sig-
nificant, p = 0.045. The mean width and thickness 
of the AT was larger in male than in female in third 
trimester. The mean width and thickness of the AT 
in male was 8.26 ± 1.94 mm and 1.46 ± 0.28 mm, 

in female 7.38 ± 0.31 mm and 1.33 ± 0.05 mm 
respectively. However in second trimester the mean 
width of the AT was larger in female (5.01 ± 1.5 mm) 
than in male (4.81 ± 1.12 mm). The mean thickness 
of the AT in second trimester was larger in male  
(1.07 ± 0.46 mm) than in female (1.01 ± 0.43 mm). In 
second trimester, the muscle to tendon ratio of the SM 
was significantly higher in female (2.75 ± 0.76 mm)  
than in male (2.29 ± 0.77 mm), p = 0.029. The de-
tailed analyses of the performed measurements are 
presented in Figure 2 and Tables 2 and 3.

DISCUSSION 
To best of our knowledge our investigation is the 

first study to analyse morphometric measurements of 
the AT in such numerous group of human foetuses, 
what may be useful as a basic research for future 
studies concerning the AT. The key result of our study 
was that there is no significant correlation between 
sex or side and size of the AT in human foetuses. The 
only significant correlation was between sex and the 
length of the tendon of the SM; in third trimester it 
was longer in male than in female (p = 0.045). In 
second trimester the SM muscle to tendon ratio was 
higher in female than in male (p = 0.029).

In order to understand the differences in the 
structure of such a complex tendon, it is necessary to 
understand the basics of embryology. In an 11 mm  
embryo the common flexor mass begins to show 
signs of differentiation into the muscle rudiments  
[3, 6]. In a 14 mm embryo the two muscle groups 
are fairly distinct: a superficial, proximolateral group 
for the GM SM, and plantaris muscle, and a deep, 
more medial group for the flexor hallucis longus, 

Figure 1. Detail measurements of muscles and tendon; 1 — length 
of the lateral head of the gastrocnemius muscle (GM); 2 — length 
of the lateral tendon of the GM; 3 — length of the medial head of 
the GM; 4 — length of the medial tendon of the GM; 5 — length of 
the muscle of the soleus muscle (SM); 6 — length of the tendon of 
the SM; 7 — thickness and width of the Achilles tendon.

Figure 2. Linear correlation between length of the Achilles tendon 
and week of gestation with 95% confidence interval.
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flexor digitorum longus and popliteus, and tibialis 
posterior [3, 6]. The gastrocnemius group is connect-
ed with the blastema of the calcaneus and the two 
long flexor muscles with the flat aponeurotic “foot-
plate” from which tendons extend to the blastema 

of the digits [3, 6]. The gastrocnemius-soleus group 
gradually spreads from its original lateral position 
towards the medial side of the leg to attain the tibial 
attachment, and the two heads of the GM develop 
during the second half of the second month, the 

Table 2. Measurements of the Achilles tendon, gastrocnemius muscle (GM) and soleus muscle (SM) in third trimester foetuses

Features (third trimester) Sex Body side

Male (n = 10) Female (n = 2) P Left (n = 6) Right (n = 6) P

GM:

LH muscle 41.61 ± 5.77 34.81 ± 2.54 0.144 39.57 ± 3.59 41.38 ± 7.85 0.619

LH tendon 49.58 ± 9.44 43.98 ± 6.18 0.449 48 ± 10.36 49.28 ± 8.38 0.818

MH muscle 46.38 ± 6.3 43.12 ± 1.12 0.498 44.12 ± 4.72 47.56 ± 6.78 0.331

MH tendon 44.24 ± 9.75 32.13 ± 3.22 0.124 43.39 ± 10.76 41.05 ± 10.14 0.706

SM:

Muscle 62.98 ± 13.14 53.57 ± 2.57 0.354 59.68 ± 12.54 63.14 ± 13.31 0.652

Tendon 24.83 ± 3.42 18.95 ± 2.36 0.045 25.2 ± 4.32 22.50 ± 3.26 0.251

Achilles:

Width 8.26 ± 1.94 7.38 ± 0.31 0.551 7.98 ± 2.06 8.24 ± 1.65 0.817

Thickness 1.46 ± 0.28 1.33 ± 0.05 0.559 1.47 ± 0.29 1.4 ± 0.25 0.639

GM LH to MH muscle 0.9 ± 0.07 0.81 ± 0.08 0.141 0.89 ± 0.04 0.87 ± 0.11 0.559

GM LH muscle to tendon ratio 0.86 ± 0.12 0.80 ± 0.17 0.615 0.85 ± 0.13 0.85 ± 0.14 0.983

GM MH muscle to tendon ratio 1.08 ± 0.18 1.35 ± 0.17 0.075 1.05 ± 0.18 1.19 ± 0.20 0.231

SM muscle to tendon ratio 2.6 ± 0.73 2.86 ± 0.49 0.650 2.42 ± 0.66 2.86 ± 0.69 0.281

LH — lateral head of gastrocnemius; MH — medial head of gastrocnemius

Table 3. Measurements of the Achilles tendon, gastrocnemius muscle (GM) and soleus muscle (SM) in second trimester foetuses

Features (second trimester) Sex Body side

Male (n = 24) Female (n = 38) P Left (n = 31) Right (n = 31) P

GM:

LH muscle 26.12 ± 4.97 28.07 ± 6.55 0.225 27.04 ± 5.31 27.61 ± 6.75 0.718

LH tendon 27.22 ± 3.86 28.36 ± 4.53 0.318 28.06 ± 4.16 27.80 ± 4.47 0.812

MH muscle 28.35 ± 5.42 30.13 ± 6.22 0.26 29.84 ± 5.37 29.09 ± 6.53 0.625

MH tendon 23.99 ± 3.42 25.48 ± 4.97 0.212 24.86 ± 4.57 24.97 ± 4.46 0.921

SM:

Muscle 34.77 ± 5.44 37.24 ± 6.61 0.137 36.31 ± 6.30 36.31 ± 6.33 0.999

Tendon 16.3 ± 4.17 14.43 ± 4.19 0.096 14.72 ± 4.02 15.53 ± 4.48 0.465

Achilles:

Width 4.81 ± 1.12 5.01 ± 1.5 0.586 4.87 ± 1.41 4.99 ± 1.34 0.734

Thickness 1.07 ± 0.46 1.01 ± 0.43 0.622 0.95 ± 0.43 1.11 ± 0.44 0.170

GM LH to MH muscle 0.93 ± 0.15 0.94 ± 0.15 0.891 0.91 ± 0.08 0.96 ± 0.19 0.150

GM LH muscle to tendon ratio 0.96 ± 0.17 1.01 ± 0.29 0.579 0.96 ± 0.15 1.01 ± 0.33 0.489

GM MH muscle to tendon ratio 1.19 ± 0.26 1.21 ± 0.27 0.889 1.22 ± 0.23 1.18 ± 0.29 0.587

SM muscle to tendon ratio 2.29 ± 0.77 2.75 ± 0.76 0.029 2.61 ± 0.7 2.54 ± 0.88 0.734

LH — lateral head of gastrocnemius; MH — medial head of gastrocnemius
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medial head attaining its attachment later than the 
lateral [3, 6]. The plantaris muscle seems to split off 
at a comparatively late stage from the lateral head 
of the GM [3, 6].

From an evolutionary point of view, the differ-
ence between morphology of the triceps surae in 
human and the other species is apparent [1]. Hu-
mans’ bellies of GM are short, their tendon fuse 
with SM tendon and develop massive AT [1]. In 
herbivorous apes, the AT is absent or very short, 
thus their muscles of posterior leg extended to their 
tarsal bones [12]. Changes in lifestyle, like food 
supply, forced apes to adapt to this situation and 
evolve their anatomy [12]. Differences in food in-
take, correlate with differences in locomotion [1].  
Gorillas, orangutans, bonobos and chimpanzees 
share a wide range of locomotor behaviours such as 
clambering and orthograde suspension, quadruped-
alism, whereas modern humans are primarily bipeds  
[1, 7]. The longer ATs were observed in early hominis 
than in apes [12]. The key role in development of the 
AT was in fast locomotion, e.g. hunting, that is why 
the AT is more evolutionary advantage in athletes [12]. 

In Pang and Yings’ [22] sonographic study, the 
cross sectional area of the AT was significantly higher 
in 50-year-old and older patients than in younger pa-
tients. Furthermore, in that study, the cross-sectional 
area of the AT in the dominant leg was significantly 
higher than that in the nondominant leg [22]. Also 
Ying et al. [31] noticed that the thickness of the AT for 
dominant leg in the both regularly exercise group and 
the irregularly exercise group, is significantly higher 
than in the nondominant leg. Moreover, in their study, 
the mean thickness of the AT in the regularly exercise 
group was significantly higher in comparison with 
the irregularly exercise group [31]. Previous studies 
noted that differences in mechanical properties of the 
AT between male and female is more correlated with 
the differences in muscle strength, rather than sex 
[13]. Probably due to that there were no significant 
differences in thickness or width of the AT between 
sexes or body sides in our research; the use of muscle 
in foetuses is minimal.

The medial head of the GM dominate in size and 
power over lateral head [5, 25]. This superiority of 
medial belly was also visible in our measurements. 
Kearns et al. [10] examined soccer players and com-
pared them with moderate active and untrained col-
lege students. The thickness of the medial head of 
the GM of the dominant leg was significantly larger 

in the soccer players than in others [10]. However, in 
our study, there was no positive correlation between 
muscle size and body side or sex. It might be also 
the result of the low muscle load in human foetuses. 

Although the AT is the most powerful tendon in 
human body [9, 14, 23], it is very vulnerable to in-
juries [12, 28]. The “Achilles tendinitis” has formerly 
been used for describing any pain in the posterior 
region; however, nowadays vocabulary of disorders 
in this region of leg is more miscellaneous and precise 
[26]. We can differentiate inflammation of the AT 
with its adjacent structures, such as: paratenonitis, 
tendonitis and bursitis [18, 26, 29, 30]. Tendinosis, 
that is another AT disorder, is a noninflammatory 
process caused by fatty or mucinoid degeneration 
with a disorganisation in collagen structure [4, 26]. 
Ball or racquet sports or other athletic activity has 
been noted as a cause of the AT rupture up to 80% of 
cases [26, 27]. The high proneness of the AT, despite 
its enlargement, may raise us a question, what is the 
future of the AT? How thick, long and wide it will be 
in our descendants? Will it endure in its shape?

The present study does have some limitations. 
First of all, no sample size calculation was performed. 
Moreover, the abundance of group according to sex 
was not equal. However, the number of the human 
foetuses in our research was larger in comparison 
with previous studies. 

CONCLUSIONS
There was no significant correlation between sex 

or side and size of the AT in human foetuses, proba-
bly due to scant muscle load during prenatal period. 
However, we still do not know how important is ge-
netics and environment regarding the aetiopathology 
of the disorders of the AT. The vulnerability of the AT 
to injuries should motivate our efforts in carrying out 
research to better understand its complicated pathol-
ogy and increase the effectiveness of its treatments. 
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Background: The triticeal cartilage can be found in the lateral thyrohyoid ligament. 
The triticeal cartilage may exist in different shapes and locations, may be present 
unilaterally or bilaterally, or absent. The study aims to determine the prevalence, 
distribution, level, shape, and the degree of ossification of the triticeal cartilage 
by using three-dimensional computed tomography angiography (CTA).
Materials and methods: Computed tomography angiography images of 1450 
patients (785 women and 665 men), obtained in the period from 1 January 2017 
to 30 September 2019, were evaluated retrospectively. Any unilateral or bilateral 
presence or the absence of triticeal cartilage was recorded with its anatomical 
level, shape, and degree of ossification.
Results: At least one triticeal cartilage was found in the CTA images of 57.4% (833 
out of 1450) patients. The prevalence was 51.3% in women (403 out of 785) and 
64.7% in men (430 out of 665). Bilateral triticeal cartilages were more common 
compared to unilateral ones. Ossification was most commonly mild at a rate of 
39.1%. A round-shaped triticeal cartilage was the most common form at a rate 
of 46.6%. Triticeal cartilage was detected at various intervertebral disc levels from 
the second and third cervical vertebrae to the level of the sixth cervical vertebra.
Conclusions: Triticeal cartilage is common in the Turkish population and it 
should receive substantial attention from clinicians because it can be confused 
with calcified plaques and fractures of the superior horn of the thyroid cartilage. 
Therefore, for appropriate diagnoses and treatment, it is important to know the 
prevalence of triticeal cartilage with its distribution, intervertebral disc levels of 
location, shapes, and ossification degrees. (Folia Morphol 2022; 81, 1: 150–156)

Key words: triticeal cartilage, computed tomography angiography, 
thyrohyoid complex, triticeal ossification

INTRODUCTION
Triticeal cartilage (TC) is a type of cartilage that 

can be found in the lateral thyrohyoid ligament. TC 
may exist unilaterally or bilaterally or may be absent 
[1, 3, 5, 11]. TC can be found at the level of the third 
and fourth cervical vertebrae which is in line with 
the carotid bifurcation, usually between the supe-
rior horn of the thyroid cartilage and the tip of the 
greater horn of the hyoid bone. TC is observed in the 

shape of wheat grain. The function of TC is yet to be 
established; however, some researchers suggest that 
TC strengthens the lateral thyrohyoid ligament [1, 3]. 
The theory of Wilson et al. [12] suggests that TC has 
no function in humans (Fig. 1). 

Triticeal cartilage is composed of hyaline cartilage 
[7, 12]. As other laryngeal cartilages, TC tends to os-
sify, too. An ossified TC may be mistaken for calcified 
plaques in the carotid artery in panoramic radiogra-
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phy and computed tomography images, especially 
for calcified plaques at the carotid bifurcation level  
[1, 8, 10]. Furthermore, an ossified TC has been re-
ported to be mistaken for the fractures of the superior 
horn of the thyroid cartilage [6]. An enlarged and 
ossified TC has been reported to cause dysphagia 
and odynophagia and to become symptomatic after 
endotracheal intubation [4]. Additionally, an enlarged 
TC has been reported to cause clinical symptoms 
similar to those of a foreign body [9].

To the best of our knowledge, there are no studies 
in the literature reporting the prevalence and dis-
tribution of TC by the level of location and gender. 
Therefore, the aim of this study has been to determine 
the frequency, distribution, location levels, shape, 
and the degree of ossification of TC and to reveal 
gender differences.

MATERIALS AND METHODS
Computed tomography angiography (CTA) images 

obtained in the period between 1 January 2017 and 
30 September 2019 from 1643 individuals, who were 
25 years old or older, were examined in the study. The 
CTA images of individuals who had pathological struc-
tures in the neck area and who underwent surgical 
interventions of the larynx or the CTA images with 
poor image quality were not included in the evalu-
ation. The present study included 785 women and 
665 men, making up 1450 individuals in total. The 
CTA images of these individuals were retrospectively 
evaluated. The age range of the individuals whose CTA 
images were evaluated was from 25 to 97 (mean ± 
± standard deviation [SD] 63 ± 14) years.

The analyses of the CTA images, the degree of 
ossification, and the distribution of the shapes of TC 

were determined based on the study of Alqahtani 
et al. [3]. 

The calcification extent of TC was determined 
according to the study of Alqahtani et al. [3] and 
by comparing the calcification of TC to the density 
of the surrounding bone tissues in the CTA images. 
The calcification extent of TC was consulted by an 
experienced radiology specialist. Additionally, utilising 
the software used during the evaluation of angiog-
raphy images, the exposure degrees of the images 
were adjusted. Thus, each image was evaluated using 
equivalent exposures.

In the CTA images, the unilateral or bilateral pres-
ence or the absence of TC, and the intervertebral disc 
levels of TC location were evaluated. The evaluations 
were performed independently by two researchers. 
Then, the data were compared accordingly. When 
an agreement could not be made, a third researcher 
evaluated the images again independently. The data 
were accepted valid when two researchers reached 
an agreement.

Statistical analysis

The statistical analyses were performed with the 
SPSS statistical package, version 22.0 (SPSS Inc., Chi-
cago, IL, USA). The categorical values were summa-
rised as numbers and percentages. The c2 test was 
used for comparing the categorical data between the 
groups. The level of statistical significance in all tests 
was accepted as p < 0.05.

RESULTS
The presence of at least one TC was found at rates 

of 51.3% in women (403 in 785), 64.7% in men (430 
in 665), and 57.4% in the total study population (833 

Figure 1. Three-dimensional reconstruction of computed tomographic angiography images. Yellow arrow demonstrates triticeous cartilage.
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in 1450). The incidence of TC in the overall study pop-
ulation and by gender has been presented in Table 1.  
Presence of TC in individual decades of life, bro-
ken down by gender, has been presented in Table 2.  
There was not statistically significant difference be-
tween the age groups and the incidence of TC in 
women, men, and regardless of gender. 

Examination of the degree of ossification of TC 
revealed mild ossification in 39.1% of the study 
population and it was found out to be the most 
commonly seen ossification type. The least common 
type of ossification was the apparent ossification 
at a rate of 15.5%. The ossification degrees in the 
overall study population and distribution by gender 
have been presented in Table 3. While there was not 
a statistically significant relationship between the 
age groups and the degree of ossification (p > 0.05),  
a significant relationship was found between the 
ossification degrees and gender (p < 0.05). TC in 
women was more intensely ossified compared to 
men (Table 3). The degrees of ossification of TC have 
been shown in Figure 2.

A rounded TC was the most common form at 
a ratio of 40.6% and a spindle-shaped TC was the 
rarest form at a rate of 2.2% (Table 4). The shapes 

of TC observed in the sagittal CTA images have been 
shown in Figure 3.

The fourth cervical vertebra was the most common 
level of TC location at a rate of 42.1% and the least 
common location level was the sixth cervical vertebra 
at a rate of 0.2% (Table 5). In the lateral thyrohyoid 
ligament, TC was detected at different intervertebral 
disc levels (Fig. 4). 

DISCUSSION
Knowing the presence, structure (ossified or car-

tilage structure), and location levels of TC may be 
important for making a differential diagnosis across 
calcified arterial plaques, fractures of the superior 
horn of thyroid cartilage, and calcified soft tissue 
abnormalities. We think that such information will 
provide beneficial tools to clinicians when they ex-
amine the radiological images of the neck region. 
In the present study, the CTA images of the eligible 
individuals were retrospectively reviewed for the in-
cidence, distribution, shapes, the intervertebral disc 
levels of location, and ossification degrees of TC. As  
a differentiation point, this study has been conducted 
on the CTA images from 1450 individuals, which is 
the largest population ever reported by similar studies 
in the literature.

Studies report the incidence of TC in the range 
from 13.5% to 68.1% as found in cadavers, autop-
sy cases, and CTA images from various populations  
[2, 3, 8, 11, 12]. The results of the present study are 
within this range and close to the upper limit. 
The studies reporting the incidence of ossification 
of TC on panoramic radiographs [1, 5] were not 
included in the evaluation because they neither 
reflected the prevalence of ossified TC nor the 
precise prevalence.

Table 2. Incidence of triticeal cartilage (TC) in age groups 

Age groups [years] Women Men All subjects

N Subjects with TC (%) N Subjects with TC (%) N Subjects with TC (%)

25–34 31 16 (51.6%) 17 8 (47.1%) 48 24 (50%)

35–44 78 39 (50%) 48 34 (70.8%) 126 73 (57.9%)

45–54 149 77 (51.77%) 91 55 (60.4%) 240 132 (55%)

55–64 198 103 (52%) 158 108 (68.4%) 356 211 (59.3%)

65–74 190 100 (52.6%) 203 132 (65%) 393 232 (59%)

75–84 121 60 (49.6%) 122 74 (60.7%) 243 134 (55.1%)

≥ 85 18 8 (44.4%) 26 19 (73.1%) 44 27 (61.4%)

P P = 0.994 P = 0.377 P = 0.760

Table 1. Incidence of triticeal cartilage

Cartilago triticea Women Men All subjects

None 382 (48.6%) 235 (35.3%) 617 (42.6)

Unilateral:

Right 65 (8.3%) 53 (8) 118 (8.1)

Left 87 (11.1%) 68 (10.2) 155 (10.7)

Bilateral 251 (32%) 309 (46.5%) 560 (38.6)

Total 785 (100%) 665 (100%) 1450 (100%)



153

E. Emre et al., Prevalence of triticeal cartilage

The incidence of having bilateral TC was reported 
to be higher than having a unilateral one in many 
studies investigating the incidence and distribution 
[3, 5, 6, 8, 11]. This finding is consistent with the re-
sults of the present study. On the other hand, Wilson 
et al. [12] reported in their study on cadavers that 
the incidence of unilateral TC was higher than the 
incidence of bilateral TC. 

Our findings, suggesting that the prevalence of 
TC is significantly higher in men than in women, 

support the results reported by previous studies  
[3, 6, 11]. However, Wilson et al. [12] reported that 
the prevalence of TC was not significantly different 
between the genders. 

As reported in previous studies, no correlations 
were found between the degrees of ossification of 
TC and the age [3, 11]. In this study, a 28-year-old 
man was observed having a markedly ossified TC, 
whereas a 91-year-old woman was found to have an 
unossified bilateral TC.

Table 3. Ossification degrees of triticeal cartilage

Ossification degrees

Cartilago triticea Mild triticeal  
ossification

Moderate triticeal  
ossification

Apparent triticeal  
ossification

Total

Women:

Right 57 (18%) 88 (27.9%) 100 (31.6%) 71 (22.5%) 316 (100%)

Left 45 (13.3%) 121 (35.8%) 91 (26.9%) 81 (24%) 338 (100%)

Total 102 (15.6%) 209 (32%) 191 (29.2%) 152 (23.2%) 654 (100%)

Men:

Right 107 (29.6%) 167 (46.1%) 54 (14.9%) 34 (9.4%) 362 (100%)

Left 117 (31%) 169 (44.8%) 61 (16.2%) 30 (8%) 377 (100%)

Total 224 (30.3%) 336 (45.5%) 115 (15.6%) 64 (8.6%) 739 (100%)

All subjects:

Right 164 (24.2%) 255 (37.6%) 154 (22.7%) 105 (15.5%) 678 (100%)

Left 162 (22.8%) 290 (40.5%) 152 (21.2%) 111 (15.5%) 715 (100%)

Total 326 (23.4%) 545 (39.1%) 306 (22%) 216 (15.5%) 1393 (100%)

Figure 2. Sagittal (A, C, E, G) and axial (B, D, F, H) planes showing a variety of ossification intensities in cartilago triticea in the computed 
tomography angiography images. Arrows demonstrates cartilago triticea (A, B), mild triticeal ossification (C, D), moderate triticeal ossifica-
tion (E, F), apparent triticeal ossification (G, H).

A

B

C

D

E

F

G

H
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Table 4. Distribution of triticeal cartilage by shape

Shape

Round Oval Spindle Elongated Rectangular Teardrop Triangular Total

Women:

Right 165 (52.2%) 108 (34.2%) 8 (2.5%) 7 (2.2%) 4 (1.3%) 19 (6%) 5 (1.6%) 316 (100%)

Left 166 (49.1%) 115 (34%) 13 (3.8%) 9 (2.7%) 8 (2.4%) 19 (5.6%) 8 (2.4%) 338 (100%)

Total 331 (50.6%) 223 (34.1%) 21 (3.2%) 16 (2.4%) 12 (1.9%) 38 (5.8%) 13 (2%) 654 (100%)

Men:

Right 113 (31.2%) 153 (42.3%) 5 (1.3%) 39 (10.8%) 13 (3.6%) 14 (3.9%) 25 (6.9%) 362 (100%)

Left 121 (32.1%) 134 (35.5%) 5 (1.3%) 43 (11.4%) 12 (3.2%) 42 (11.2%) 20 (5.3%) 377 (100%)

Total 234 (31.7%) 287 (38.8%) 10 (1.3%) 82 (11.1%) 25 (3.4%) 56 (7.6%) 45 (6.1%) 739 (100%)

All subjects:

Right 278 (41.0%) 261 (38.5%) 13 (1.9%) 46 (6.8%) 17 (2.5%) 33 (4.9%) 30 (4.4%) 678 (100%)

Left 287 (40.2%) 249 (34.8%) 18 (2.5%) 52 (7.3%) 20 (2.8%) 61 (8.5%) 28 (3.9%) 715 (100%)

Total 565 (40.6%) 510 (36.6%) 31 (2.2%) 98 (7%) 37 (2.7%) 94 (6.7%) 58 (4.2%) 1393 (100%)

Figure 3. Various shapes of cartilago triticea in sagittal computed tomography angiography images.

Table 5. Triticeal cartilage’s distribution by the level of location

Level

C 2–3 C 3 C 3–4 C 4 C 4–5 C 5 C 5–6 C 6 Total

Women:

Right 3 (0.9%) 65 (20.6%) 71 (22.5%) 134 (42.4%) 34 (10.8%) 9 (2.8%) – – 316 (100%)

Left 5 (1.5%) 70 (20.7%) 83 (24.6%) 134 (39.6%) 35 (10.4%) 11 (3.2%) – – 338 (100%)

Total 8 (1.2%) 135 (20.6%) 154 (23.5%) 268 (41%) 69 (10.6%) 20 (3.1%) – – 654 (100%)

Men:

Right – 31 (8.6%) 83 (22.9%) 154 (42.6%) 68 (18.8%) 20 (5.5%) 3 (0.8%) 3 (0.8%) 362 (100%)

Left 2 (0.5%) 33 (8.7%) 93 (24.7%) 165 (43.8%) 61 (16.2%) 21 (5.6%) 2 (0.5%) – 377 (100%)

Total 2 (0.3%) 64 (8.7%) 176 (23.8%) 319 (43.2%) 129 (17.4%) 41 (5.5%) 5 (0.7%) 3 (0.4%) 739 (100%)

All subjects:

Right 3 (0.4%) 96 (14.2%) 154 (22.7%) 288 (42.5%) 102 (15.1%) 29 (4.3%) 3 (0.4%) 3 (0.4%) 678 (100%)

Left 7 (1%) 103 (14.4%) 176 (24.6%) 299 (41.8%) 96 (13.4%) 32 (4.5%) 2 (0.3%) – 715 (100%)

Total 10 (0.7%) 199 (14.3%) 330 (23.7%) 587 (42.1%) 198 (14.2%) 61 (4.4%) 5 (0.4%) 3 (0.2%) 1393 (100%)
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Figure 4. Arrows demonstrates the triticeal cartilage is seen in the upper (A), middle (B) and lower (C) positions as well as being observed at 
atypical sites (e.g. above cornu majus; D) in the lateral thyrohyoid ligament.

A study on CTA images conducted by Alqahtani et 
al. [3] reported that mild ossification of TC was the 
most common form of ossification, while the least 
common form of ossification was apparent ossifi-
cation. Alqahtani et al. [3] reported that they deter-
mined less intense degrees of ossification in men and 
more pronounced ossification in women. This result 
is consistent with the findings of our study. However, 
another study on CTA images conducted by Vatan-
sever et al. [11] from our country found that mild 
ossification of TC was the least common and that the 
apparent ossification was the most common. Further-
more, Vatansever et al. [11] reported that there was 
not a relationship between ossification and gender.

Alqahtani et al. [3] evaluated shapes of TC in CTA 
images and reported that TC was found in various 
shapes including round, oval, spindle, elongated, 
rectangular, teardrop, and triangular forms. The study 
conducted by Vatansever et al. [11] reported that the 
oval shape of TC was the most common at a rate of 
42.5% and the teardrop shape was the least common 
at a rate of 2.8%. In the present study, the oval-shaped 
TC was the most common form after the round shape 
at a rate of 36.6%. The teardrop shape of TC was de-
termined as the least common form at a rate of 6.7% 
after the spindle and triangular-shaped ones.

Triticeal cartilage is not found on the same axis 
and plane even in people with bilateral TC. It may be 
located in different places within the thyrohyoid liga-
ment. Moreover, TC has been reported to be observed 
at higher levels than the location of the greater horn 
of the hyoid bone in some people [3]. Such findings 
are consistent with our results. Furthermore, there 
are several reports stating that TC is usually located 
at the level of the third or fourth cervical vertebrae 
[1, 3, 12]. Similar to such reports, in our study, 80.1% 
of TC was found at the level of the third and fourth 

cervical vertebrae. To the best of our knowledge, no 
prevalence studies about the intervertebral disc level 
location of TC have been conducted and reported 
in the literature. This is the first study, reporting the 
prevalence and distribution of TC according to the 
level of location by gender and in the total population 
regardless of gender (Table 5).

The prevalence and morphology of TC vary from 
one population to another [2, 3, 8, 11, 12]. Although 
this study was conducted in a large population, it 
is limited to the geographical structure of the pop-
ulation and some ethnic features might have been 
reflected in the prevalence rates. Indeed, some differ-
ences are observed between the results of the present 
study and the first study from Turkey. We believe that 
these differences might have occurred because the 
present study included CTA images of individuals from 
overall Turkey, whereas, the first study in the literature 
evaluated CTA images of individuals from only one 
geographical region of Turkey [11].

CONCLUSIONS
When CTA and panoramic radiographic images are 

examined, clinicians should always note that TC can 
be mistaken for calcified plaques in the carotid artery 
and the fractures of the superior horn of the thyroid 
cartilage. Furthermore, care should be exercised in 
identifying this anatomical structure because the 
presence of an enlarged and ossified TC is associated 
with dysphagia, odynophagia, and clinical symptoms 
of foreign bodies in the respective location. Establish-
ing the prevalence, distribution, intervertebral disc 
levels of location, various possible shapes, and ossi-
fication degrees of TC is critical to make an accurate 
diagnosis and conduct a proper treatment.
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Background: The skull is an important anatomical structure to discern dog breeds 
and wolves from dogs. For this purpose, skull morphology and some morphometric 
measurements of Malakli dogs, a local breed in the Aksaray region, were examined. 
Materials and methods: Thirty-two distances were measured and seven ratios 
calculated in nine skulls of adult dogs. In our study, different morphological fea-
tures and statistical findings that were not revealed by taking measurements from 
32 distinct anatomical points of Aksaray Malakli dog skull bones were determined 
in accordance with the literature. 
Results: Processus zygomaticus was found to be long and pointed in the Aksaray 
Malakli dogs. The results of morphometric analysis were as follows: facial index 
value 107.68 ± 4.98, nasal index value 19.61 ± 3.25, cranial index value 56.17 ±  
± 2.52, basal index value 30.57 ± 1.30, skull index 54.68 ± 3.01, palatal index 
I value 56.76 ± 1.89 and palatal index II value 59.83 ± 2.23.
Conclusions: It can be concluded form the present investigation that the neu-
rocranium length, facial index, cranial index, basal index, skull index, and palatal 
index values were statistically different from other dog breeds. (Folia Morphol 
2022; 81, 1: 157–163)

Key words: neuroanatomy, macroanatomy, morphometric, cranial index

INTRODUCTION
Aksaray Malakli dogs are large guarding dogs and 

their name comes from the Aksaray region in Turkey 
where they come from. According to the findings 
in the genetic studies on dog breeds, it is report-
ed that mastiff-type dogs may be a different breed 
due to their genetic similarity to Akbaş, Kars and 
Kangal shepherd dogs [2–4]. Aksaray Malakli dog 
has a grey-coloured, large body and drooping lips. 
The paws are bigger and thicker than the Kangal 
dog, which breeders mostly compare. However, it is 
reported that Aksaray Malakli dog is not preferred in 

herd management, because it is not resistant to cold 
climate and because of the saggy nature of its lips; it 
drains the mouth, salivates while drinking water and 
it is tired quickly after guarding the herd [2, 3, 5, 18, 
26, 27]. The skull is an important anatomical structure 
to discern dog breeds [1, 9, 11, 12, 28], Kangal and 
Malakli dogs [10, 18, 21], Tarsus Çatalburun dog [17], 
German wolfdog [19, 20], and grey wolf [14]. It has 
been found that there are many studies on skull mor-
phology and morphometry in lynx [7], red fox [22], 
vulpes [25] and golden jackal [15]. In our study, the 
measurements taken from 32 anatomical points of 

https://orcid.org/0000-0003-0150-3008
https://orcid.org/0000-0002-0789-3628
https://orcid.org/0000-0002-8142-2365
https://orcid.org/0000-0001-9409-026X
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Aksaray Malakli dog skull bones were compared with 
other dog breeds by making statistical calculations in 
line with the literature information. The results of the 
examination were compared with other carnivores. 
Significant differences were detected.

The aim of this study was to assess Aksaray Malakli 
dog skulls morphometrically in detail. By doing so, we 
hope to contribute to the international morphology 
database on dog breeds.

MATERIALS AND METHODS
Sample collection and processing

The skulls of 9 Aksaray Malakli dogs, aged 4–5 
years old, regardless of the difference in weight and 
gender, that had died of various reasons at the Vet-
erinary Health and Practice and Research Centre of 
Aksaray University Veterinary Faculty between 2015 
and 2019, were used in this study. 

Skulls were harvested and cleaned according to 
a standard protocol [13, 24]. In short, this proto-
col consisted of boiling the skinned skull in 5–10% 
NaHC03 for 1 day, cleaning from soft tissue manually 
thereafter, then immersing in a 10% hydrogen per-
oxide solution for 2–3 days. Skulls were prepared for 
measurements after maceration [24].

Morphometry

In the literature, there are reports on skull meas-
urements. Simoens et al. [23] (Peking dog), Onar 
[19] (German wolfdog), Onar et al. [21] (Kangal 
dog) reported measurement locations and methods 
applied. Of the 44 measurement points reported in 
the literature [19, 20, 23], 32 measurement points 
that are prominent in the Aksaray Malakli dog were 
selected. Thirty-two measurements were made with 
a digital calliper (A Brand, 200 mL, Germany). Seven 
index ratios were calculated. The calculation methods 
used in the Kangal dog morphometry study [21] were 
applied. One measurement was taken from each skull 
(Figs. 1, 2). In the measurements, the average of both 
sides of the skull was taken. Images were taken with 
a camera (Canon CE500). The nomenclature used in 
this study is according to Nomina Anatomica Veter-
inaria [16].

Statistical analysis

Statistical significance of skull measurements was 
evaluated. Correlation test was used to determine 
whether there is a relationship between the variables 
and if so, in which direction and to what extent. The 
mean, standard deviation and correlation values of 

Figure 1. Measurements of the skull of Aksaray Malakli dog; A. Ventral view; B. Caudal view; Akmlk — Aksaray Malakli dog; pl — profile 
length; cbl — condylobasal length; bl — basal length; ssl — short skull length; pmp — premolare–prosthion; nl — neurocranium length; 
vl — viscerocranium length; mfl — median frontal length; unl — upper neurocranium length; fcl — facial length; ais — akrokranion-infraor-
bitale of one side; gll — greatest length of the lacrimal; gln — greatest length of the nasals; slfl — short lateral facial length; fabo — from 
the aboral border of one occipital condyle to the infraorbitale of the same side; del — dental length; opl — oral palatal length; llp — lateral 
length of the premaxilla; lcr — length of the cheektooth row (measured along the alveoli); lmr — length of the molar row (measured along the 
alveoli on the buccal side); lpr — length of the premolar row (measured along the alveoli on the buccal side); giho — greatest inner height of 
the orbit; gmb — greatest mastoid breadth; gbc — greatest breadth of the occipital condyles; gbp — greatest breadth at the bases of the 
paraoccipital processes; gbfm — greatest breadth of the foramen magnum; hfm — height of the foramen magnum; gncb — greatest neuro-
cranium breadth; lbbo — least breadth between the orbits; gbap — greatest breadth across the premaxillae; infl — distance between two 
infraorbitals; grpb — greatest palatal breadth.

A B



159

R. İlgün et al., Anatomy of skull bones of Aksaray Malakli dogs

Figure 2. Measurements of the skull of Aksaray Malakli dog; A. Lateral view; B. Dorsal view; abbreviations — see Figure 1. 

A

B

all measurements obtained were determined in the 
SPSS (18.0) version programme [6].

RESULTS
According to the macroanatomical findings in 

the Aksaray Malakli dog skull, the os frontale and 
os parietale were prominent. The os temporale was 
located laterally on the skull bone. The foramen was 
prominent towards the infraorbital cranial. Tuber 
faciale was not prominent. Processus zygomaticus of 
Aksaray Malakli dog was found to be tall and sharp. 
It was determined that the foramen magnum of os 
occipitale was surrounded by oval condyli occipital-
es, and the processi jugulares were curved ventrally.  
A thick arcus zygomaticus was prominent on the sides 
of the cranial bones (Figs. 1, 2). The relevant mean 
and standard deviation values of the craniofacial 
indices of the Aksaray Malakli dog’s skull are shown 

in Table 1. The calculated cranial indices in Aksaray 
Malakli dogs were as follows: facial index 107.68 ±  
± 4.98, nasal index 19.61 ± 3.25, cranial index 56.17 ±  
± 2.52, basal index 30.57 ± 1.30, skull index 54.68 ±  
± 3.01, palatal index I 56.76 ± 1.89, and palatal index 
II 59.83 ± 2.23. Average and standard deviation val-
ues of the Aksaray Malakli dog’s skull morphometric 
parameters are shown in Table 2.

Condylobasal length of Aksaray Malakli dog was 
227.03 ± 12.63 mm, basal length 214.80 ± 10.93, 
neurocranium length 139.43 ± 3.37 mm, upper neu-
rocranium length 67.66 ± 13.54 mm, facial length 
154.76 ± 18.48 mm, height of the foramen magnum 
20.09 ± 2.05. The greatest inner height of the orbit 
was measured as 37.16 ± 1.60 mm (Table 1).

According to the correlation analysis of the Ak-
saray Malakli dog skull measurements, profile length 
(pl) and condylobasal length (cbl), short skull length 
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(ssl), facial length (fcl), from the aboral border of one 
occipital condyle to the infraorbitale of the same side 
(fabo), basal length (bl), ssl, fcl, length between cbl 

and bl, upper neurocranium length (unl) and fabo, bl 
to fabo, premolare–prosthion (pmp) length and oral 
palatal length (opl), there was a very strong positive 
correlation between fcl length and fabo length, neu-
rocranium length (nl) and length of the molar row 
(lmr), and the greatest breadth across the premaxillae 
(gbap) and the distance between two infraorbitals 
(infl). On the other hand, it was found that there is 
a strong negative correlation between ssl length and 
pmp length (Table 3).

DISCUSSION
Atalar et al. [1] reported that the dorsal part of 

the neurocranium, which forms the skull, consists of 
frontal and parietal bones in wolves and foxes, and 
the lateral part of the temporal bone. Similar findings 
were detected in the Aksaray Malakli dog. 

Karan et al. [11, 12] reported that foramen infraor-
bitale was shaped narrow and oval in dogs, and tuber 
faciale was absent. Similar to the literature [11, 12],  
there was no tuber faciale in our study, but the fora-
men infraorbital was in a deep pit.

In the study, the facial index of the Aksaray Malakli 
dog was found to be 107.68 ± 4.98. The facial index 
was reviewed in literature reviews in collie [8, 21] and 
Russian wolfhound dogs [8, 21] at 81, in German shep-
herd [8, 21], beagle [8, 21] and setter [8, 21] dogs at 
111, and in Boston terrier [8, 21] and Pekingese dogs  
[8, 21] at 215. The facial index of Aksaray Malakli 
dog according to index values that of collie [8, 21], 
Russian wolfhound [8, 21], German shepherd [8, 21], 
beagle [8, 21] and setter [8, 21], and lower than that 
of Boston terrier [8, 21] and Pekingese [8, 21] dogs.

In our study, the cranial index value of Aksaray 
Malakli dog was 56.17 ± 2.52. It was reported at 
48 in Collie and Russian wolfhound, 57 in German 
shepherd, beagle and setter dogs, and 81 in Boston 
terrier and Pekingese dogs [8, 21]. It was calculated 
as 73.24 in German wolfdog [20] and 71.28 in gold-
en jackal [15]. Cranial index value of Aksaray Malakli 
dog was higher than that of collie [8, 21] and Rus-
sian wolfhound [8, 21] dogs, German wolfdog [19], 
golden jackal [15], German shepherd [8, 21], and 

Table 1. Craniofacial indices of Aksaray Malakli dog skulls (Akmlk) (n = 9)

Akmlk Facial index Nasal index Cranial index Basal index Skull index Palatal index I Palatal index II

Mean ± SD 107.68 ± 4.98 19.61 ± 3.25 56.17 ± 2.52 30.57 ± 1.30 54.68 ± 3.01 56.76 ± 1.89 59.83 ± 2.23
Facial index — maximum zygomatic width × 100/viscerocranial length; Nasal index — greatest breadth across the nasals × 100/greatest length of the nasals; Cranial index — maximum 
width of the neurocranium × 100/cranial length; Basal index — maximum width of neurocranium × 100/basal length; Skull index — maximum zygomatic width × 100/skull length; Palatal 
index I — greatest breadth of the palate × 100/median palatal length; Palatal index II — greatest breadth of the palate × 100/palatal length; SD — standard deviation

Table 2. Mean values of 32 morphometric parameters in  
Aksaray Malakli dog skulls (n = 9)

Parameters Mean ± SD

pl 245.78 ± 15.35

cbl 227.03 ± 12.63

bl 214.80 ± 10.93

ssl 143.95 ± 22.38

pmp 69.17 ± 14.18

nl 139.43 ± 3.37

vl 114.39 ± 3.93

mfl 135.06 ± 12.55

unl 67.66 ± 13.54

fcl 154.76 ± 18.48

ais 177.65 ± 8.34

gll 40.95 ± 3.79

gln 85.74 ± 5.49

slfl 115.67 ± 4.68

fabo 158.95 ± 7.29

del 117.00 ± 5.97

lcr 77.51 ± 3.73

lmr 48.47 ± 5.19

lpr 36.02 ± 3,09

giho 37.16 ± 1.60

gmb 83.58 ± 3.68

gbc 46.57 ± 3.79

gbp 64.27 ± 3.90

gbfm 19.88 ± 2.20

hfm 20.09 ± 2.05

gncb 58.36 ± 3.77

lbbo 58,10 ± 4.54

gbap 45.57 ± 5.20

infl 51.74 ± 4.27

grpb 79.78 ± 4.69

llp 69.66 ± 8.44

opl 110.73 ± 12.55

SD — standard deviation; rest abbreviations — see Figure 1
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beagle [8, 21]. It was observed to be lower than setter  
[8, 21], Boston terrier [8, 21] and Pekingese [8, 21] dogs.

Khosravi et al. [14] reported basal index value in 
grey wolf was 60.56 ± 3.99 and cranial index value 

was 60.66 ± 2.94, whereas Onar et al. [22] evaluated 
basal index value in red foxes as 37.75 and 35.34, and 
cranial index value as 62.37 and 57.92. It was observed 
in our Aksaray Malakli dog that the basal index value 

Table 3. Correlation values of different skull measurements in the Aksaray Malakli dog (n = 9)

pl cbl 0.948*** bl ssl 0.852* mfl unl 0.840* fcl ais 0.890**

bl 0.956*** vl 0.779* fcl 0.916** fabo 0.970***

ssl 0.962*** mfl 0.814* ais 0.972*** del 0.765*

pmp –0.784* unl 0.914** fabo 0.853* opl –0.784*

mfl 0.927** fcl 0.949** opl –0.874** giho 0.904**

unl 0.919** ais 0.822* giho 0.788* gmb 0.904**

fcl 0.994*** gln –0.779* gmb 0.763* gbc 0.891**

ais 0.907** fabo 0.949*** ais fabo 0.850* gbfm 0.793*

gln –0.786* del 0.904** opl –0.817* gbap 0.787*

fabo 0.972*** giho 0.943** giho 0.771* infl 0.889**

del 0.777* gmb 0.955** gmb 0.770* gbfm hfm 0.872**

opl –0.795* gbc 0.931** gln fabo –0.794* gncb 0.829*

giho 0.888** gbp 0.899** gncb –0.849* infl 0.757*

gmb 0.901** gbfm 0.789* gbap –0.822* del lcr 0.901**

gbc 0.872* gbap 0.796* slfl lcr 0.755* lpr 0.822*

gbfm 0.790* infl 0.873** lpr 0.797* giho 0.853*

gbap 0.779* pmp Nl 0.834* grpb 0.901*** gmb 0.856*

infl 0.863* mfl –0.782* fabo del 0.810* gbc 0.782*

cbl bl 0.980*** Fcl –0.771* giho 0.853* gbp 0.848*

ssl 0.850* opl 0.963*** gmb 0.846* gbap 0.773*

vl 0.838* Llp 0.926** gbc 0.897** infl 0.791*

mfl 0.822* lmr 0.912** gbp 0.763* nl opl 0.784*

unl 0.966*** hfm –0.824* gbap 0.840* llp 0.862*

fcl 0.955** ssl pmp –0.920** infl 0.886** lmr 0.982***

ais 0.836* mfl 0.912** lpr giho 0.759* vl unl 0.763*

fabo 0.966*** unl 0.858* gbc 0.797* fcl 0.802*

del 0.905** Fcl 0.955** lbbo 0.767* lcr 0.840*

lcr 0.823* ais 0.882** gbap 0.847* lpr 0.887**

lpr 0.819* gln –0.802* infl 0.891** giho 0.879**

giho 0.945** fabo 0.939** grpb 0.759* gmb 0.841*

gmb 0.915** opl –0.905** giho gmb 0.947*** gbc 0.812*

gbc 0.925** lmr –0.755* gbc 0.910** infl 0.886**

gbp 0.837* gmb 0.781* gbp 0.859* llp lmr 0.935**

gbap 0.816* gbc 0.771* infl 0.814* hmf gncb 0.843*

infl 0.898** hfm 0.762* gmb gbc 0.889** gncb gbap 0.756*

lcr lpr 0.937** gbap 0.779* gbp 0.866* lbbo gbap 0.862*

giho 0.797* infl 0.827* gbfm 0.869* gbap infl 0.953***

infl 0.773* opl Llp 0.898** gbap 0.762*

grpb 0.760* lmr 0.877** infl 0.877**

Abbreviations — see Figure 1; *p < 0.05, **p < 0.01, ***p < 0.001
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was 30.57 ± 1.30 and the cranial index value was  
56.17 ± 2.52 — lower than grey wolf [14] and red 
fox [22].

Onar et al. [21] reported the skull index value as 
64.00 in husky du labrador dog, 63.00 in pointer dog, 
60.17 in St. Bernard dog, and Khosravi et al. [2012] 
as 53.13 ± 3.35 in grey wolf. In another study, it 
was reported that in red foxes [22] it was calculated 
as 52.52 and 52.53. The skull index value of Aksaray 
Malakli dog was found to be 54.68 ± 3.01 — higher 
than that of grey wolf [14] and red fox [22] while it 
was lower than husky du labrador dog, pointer dog 
and St. Bernard dog [21].

Onar et al. [22] evaluated the palatal index I value 
as 56.52 and 54.11, and the palatal index II val-
ue as 57.95 and 55.10 in their study in red foxes. 
The palatal index I value of Aksaray Malakli dog was  
56.76 ± 1.89, and the palatal index II value was  
59.83 ± 2.23 — higher than red foxes.

In the literature studies, condylobasal length 
measurement was reported as 215.76 ± 12.22 in grey 
wolf [14], basal length measurement was 206.79 ±  
± 11.13 mm, and in this study, condylobasal length 
of Aksaray Malakli dog was 227.03 ± 12.63 mm and 
basal length value was 214.80 ± 10. According to 
these evaluations, the condylobasal length and basal 
length of Aksaray Malakli dog was longer than that 
of grey wolf [14].

In the study, the length of neurocranium in Aksaray 
Malakli dog was determined as 139.43 ± 3.37 mm.  
This measurement value was reported to be 74.21 ±  
± 8.91 in grey wolf [14]. According to the meas-
urement values, it was determined that the length 
of neurocranium of Aksaray Malakli dog was longer 
than that of grey wolf [14].

In the skulls of the Aksaray Malakli dog examined, 
the upper neurocranium length was 67.66 ± 13.54 mm.  
In the literature studies, upper neurocranium length 
measurement was reported to be 58.56 ± 5.99 mm 
in grey wolf [14]. Our investigation material revealed 
that Aksaray Malakli dog’s upper neurocranium 
length is longer than grey wolf [14].

İlgün and Özkan [10] reported greatest inner 
height of the orbit as 31.06 ± 1.15 mm in Kangal 
dog. In our research material of Aksaray Malakli dog, 
this height was measured as 37.16 ± 1.60 mm. Ac-
cording to the measurement values, the greatest inner 
height of the orbit of the Aksaray Malakli dog was 
longer than the Kangal dog [10].

In our study, the height of the foramen magnum 
of Aksaray Malakli dog was measured as 20.09 ± 
± 2.05 mm. In the study of İlgün and Özkan [10] 
on Kangal dog, the height of the foramen magnum 
is reported as 24.86 ± 0.59 mm. The height of the 
foramen magnum of Aksaray Malakli dog was found 
to be shorter than the Kangal dog.

CONCLUSIONS
According to the results of the study, it is thought 

that the skull measurements and index calculations 
of Aksaray Malakli dog will contribute to the crea-
tion of a databank in racial discrimination. It is also 
thought to provide resources for specialists working 
in different disciplines such as anatomy, morphology, 
osteo-archeology and can be used in determining 
the taxonomic classification of carnivorous species. 
However, it was concluded that more sample studies 
are needed to obtain more absolute data on the 
relationships between statistical parameters.
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radiography and computed tomography of the 
skull bones of barking deer (Muntiacus muntjak) 
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Background: There is scanty information on the skull morphology of barking and sam-
bar deer; thus the present study was designed to provide information on morphology, 
radiography and computed tomography (CT) of the skull bones of both deer species.
Materials and methods: The study was conducted on 12 skulls of adult barking 
deer (n = 6) and sambar deer (n = 6) of either sex (n = 3 males and n = 3 fe-
males) collected from Aizawl Zoological Park, Aizawl, Mizoram. The skulls of both 
species were macerated as per the standard maceration techniques.
Results: The skull bones of both deer species were divided into a neurocranium and 
a viscerocranium. The neurocranium was comprised of occipital, sphenoid, temporal, 
frontal, parietal, interparietal and ethmoid bones. The viscerocranium consisted of 
nasal, lacrimal, zygomatic, maxilla, incisive, palatine, pterygoid, vomer, mandible, 
turbinates and hyoid bones. The cranial cavity was oval and elongated caudally. The 
orbit was round, complete in barking deer; however, it was oval, complete in sambar 
deer. The facial tuberosity was present caudal to infraorbital foramen and dorsally at 
superior third premolar tooth in barking deer whereas dorsally at the superior first 
molar tooth in sambar deer. The infraorbital foramina were small, elliptical and placed 
at the level of the superior first premolar tooth. The alveolus for a canine tooth was 
present rostrally in the maxilla of both species. Turbinates bones were visible and 
mandibular symphysis remained unossified on radiographs and CT in both species. 
The radiographs of both species showed that the nasal canal was divided by the 
nasal septum. The CT scan demonstrated the paranasal, frontal and maxillary sinuses.
Conclusions: The present study is important in the comparative anatomy of 
ruminant species and may help the wildlife forensic officials to identify and dif-
ferentiate the bones of these two species from those of other domestic and wild 
small ruminants. (Folia Morphol 2022; 81, 1: 164–174)

Key words: barking deer, sambar deer, skulls, morphology, radiography, 
computed tomography
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INTRODUCTION
The barking deer, also recognised as Indian Munt-

jac (Muntiacus muntjak) is a cervid species indigenous 
to South and South-east Asia and has been classi-
fied on the International Union for Conservation of 
Nature (IUCN) red-list as ‘Least concern’ [22]; and 
is protected under Schedule III of Indian Wildlife 
Protection Act, 1972. This species is named barking 
deer due to its bark-like sound [1, 13]. Among all 
the signals used in intra-specific and inter-specific 
communication, vocalisation has been the primary 
means of communication for the species living in 
dense forest habitats [17]. They are moderately small 
tropical deer with a solitary lifestyle [1, 11, 14] and 
extensive natural distribution, ranging throughout  
a large part of Southeast Asia [11, 16]. The body 
length of muntjacs varies from 89 to 135 cm long 
and their height ranges from 38 to 66 cm tall with an 
average weight of 22 to 16 kg [7]. They are regarded 
as the most primitive of all living cervidae [15]. The 
male of barking deer has small antlers projected from 
the long body hair enveloped pedicles above their 
eyes, whereas the female has tiny bony knobs. The 
barking deer may kill the prey by hitting with forelegs 
and biting using their canines [9].

The sambar deer, also known as sunda sambar 
(Rusa unicolor) is a large cervid species that is indig-
enous to the Indian subcontinent, Southern China, 
and Southeast Asia [12]. This deer species has been 
categorised by the IUCN red-list as ‘vulnerable’ due 
to a decrease in their population year by year [10, 
23] and is protected under Schedule-III of the Indian 
Wildlife Protection Act, 1972. In general, they attain  
a height of 100–160 cm at the shoulder and may 
weigh 100 to 550 kg. The head and body length of 
sambar deer varies from 162–270 cm, with a 22–35 cm  
tail [2]. They inhabit both gentle sloping and steep 
forested hillsides. They preferably reside near culti-
vated areas such as gardens and plantations, thick 
forests, swamp forests and move between higher 
altitudes during summer and lower, more sheltered 
areas in winter [15, 18].

Several studies on gross morphology, radio
graphy and computed tomography  (CT) of skull  
bones have been undertaken in many domes-
tic and wild small ruminant species such as goats  
[3, 20], sheep [6, 8, 21] and deer species, i.e. chital, 
blackbuck and chinkara [4, 5, 19] in an attempt to 
give baseline anatomical information.

There is scanty information on the morphology, 
radiography and CT of skull bones of barking deer 
and sambar deer. Therefore, the present study has 
been delineated for determining the morphology, 
radiography and CT of skull bones of barking and 
sambar deer.

MATERIALS AND METHODS
The present study was conducted at Aizawl from 

March 2019 to June 2020. Twelve skulls of adult bark-
ing deer (n = 6) and sambar deer (n = 6) of either sex 
(n = 3 males and n = 3 females) were collected. The 
age of barking deer and sambar deer used for skull 
collection were in the range of 3 to 4 years and 6 to 
8 years, respectively. All procedures involving sample 
collection were conducted as per the Institutional 
Animal Ethics Committee (IAEC), College of Veterinary 
Sciences and Animal Husbandry, Aizawl, Mizoram.

Skulls were collected from the Aizawl Zoological 
Park, Aizawl, Mizoram, after obtaining official permis-
sion from the Principal Chief Conservator of Forest 
(PCCF) and Chief Wildlife Warden, Government of Mi-
zoram vide letter no. A.22011/5/2017-CWLW/91, dat-
ed 15.03.2019. The collected skulls were macerated 
as per the standard hot water maceration technique 
[9] after excavating out from the graveyard located 
at the site of the Aizawl Zoological Park, Aizawl, Mi-
zoram. After maceration, skulls were soaked in 4% 
hydrogen peroxide for three days in a sealed container 
until bones appeared clean and whitish [9]. Finally, 
processed skulls were sun-dried for three days and 
utilised for the studies.

The gross morphological studies on skull bones 
were carried out at the Department of Veterinary 
Anatomy and Histology, College of Veterinary Scienc-
es and Animal Husbandry, Selesih, Aizawl and Aizawl 
Zoological Park under the supervision of the zoo 
officials. The skull bones radiography was carried out 
by the Allengers-325 X-ray machine (200 mA) and 
CT scan by Siemens Somatom Emotion instrument  
(270 mA) at Diagnostic Division Radiology and Ima
ging, Mizoram Health Care, Aizawl, Mizoram.

The present study was designed to provide infor-
mation on the morphological, radiographic and CT 
of the barking and sambar deer skull and provide 
baseline morphological information. The obtained 
morphological results of both species were compared 
with the other domestic and wild small ruminants as 
per the available literature.
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RESULTS
The skulls of barking and sambar deer (Fig. 1A, B) 

were elongated and dolichocephalic. The skull bones 
of both deer species were divided into a neurocra-
nium and a viscerocranium. The neurocranium was 
comprised of occipital, sphenoid, temporal, frontal, 
parietal, interparietal and ethmoid bones. The vis-
cerocranium consisted of nasal, lacrimal, zygomatic, 
maxilla, incisive, palatine, pterygoid, vomer, mandi-
ble, turbinates and hyoid bones.

The morphology of individual skull bones  
(Fig. 1–7A, B) of both species has been compared as 
per the literature available for other domestic and 
wild small ruminants. The interspecies comparison 
has elaborated in the manuscript’s discussion section.

DISCUSSION
Skull as a whole

The dorsal surface of the skull in both species was 
formed by parietal, interparietal, frontal, nasal and 

incisive bones as reported earlier in kagani goat [20], 
chital [19] and blackbuck [4].

While viewing from the lateral surface, the zy-
gomatic process of temporal bone did not join with 
the zygomatic process of the frontal bone in both 
species as mentioned in chital [19], blackbuck [4] and 
Bardhoka sheep [6]. 

The orbit was located rostrolaterally and com-
posed of frontal bone dorso-caudally with zygomatic 
bone ventro-caudally and lacrimal bone rostrally. It 
was round and complete in barking deer as men-
tioned earlier in goat of Mizoram [3]. The orbit was 
complete and oval in sambar deer as reported in chin-
kara [20]. The greatest contribution in the formation 
of bony orbit was by frontal bones as compared to 
zygomatic and lacrimal bones as mentioned in kagani 
goat [20], chital [19], blackbuck [4], chinkara [20] 
and Bardhoka sheep [6]. The orbital rim was circular 
as reported earlier in blackbuck [4]. The orbit joined 
with the cranial cavity via ethmoidal foramen, optic 

Figure 1. A. Dorsal view of the skull of male sambar deer showing lambdoid suture (A); interparietal bone (B); cornual process (C); interfron-
tal suture (D); supraorbital foramen (E); nasofrontal suture (F); preorbital fossa (G); nasolacrimal fissure (H); nasal bone (I); maxilloincisive su-
ture (J); palatine fissure (K); body of incisive bone (L); interincisive fissure (M); palatine process of incisive bone (N); nasal process of incisive 
bone (O); nasomaxillary suture (P); maxilla bone (Q); internasal suture (R); frontolacrimal suture (S); orbit (T); frontal bone (U); frontoparietal 
suture (V); parietal (W); B. Ventral view of the skull of sambar deer showing occipital condyle (A); paracondylar or paramastoid process (B); 
jugular foramen (C); tympanic bulla (D); muscular tubercle (E); foramen orbitorotundum (F); lacrimal bulla (G); superior first, superior second 
and superior third molar tooth (H); superior first, superior second and superior third premolar tooth (I); palatine process of incisive bone (J); 
body of the incisive bone (K); interincisive fissure (L); palatine fissure (M); nasal process of incisive bone (N); maxillary process of palatine 
bone (O); median palatine suture (P); major palatine foramen (Q); horizontal part of palatine bone (R), supraorbital foramen (S); pterygoid ham-
ulus (T); pterygoid bone (U); zygomatic arch (V); foramen ovale (W); muscular process (X); basilar part of occipital bone (Y); ventral condyloid 
fossa (Z); foramen magnum (Z’).

A B
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Figure 2. A. Dorsolateral view of the skull of 
male barking deer showing frontal bone (A); fron-
tal crest (B); shallow concavity on rostral part of 
frontal bone (C); lacrimal bone (D); nasolacrimal 
fissure (E); nasal bone (F); nasoincisive fissure (G);  
incisive bone (H); nasal process of incisive bone (I);  
alveolus for upper canine tooth (J); maxilla bone (K);  
alveolus for superior first premolar tooth (L);  
second superior and third superior premolar  
tooth (M); first superior, second superior and third 
superior molar tooth (N); temporal process of zy-
gomatic bone (O); zygomatic arch (P); zygomatic 
process of temporal bone (Q); tempora orifice of 
temporal meatus (R); frontal process of zygomatic 
bone (S); zygomatic process of frontal bone (T); 
optic foramen (U); lacrimal foramen (V); preorbital 
fossa (W); zygomatic bone (X); B. Nuchal view 
of the skull of male barking deer showing parietal 
bone (A); squamous part of occipital bone (B); 
temporal bone (C); nuchal crest (D); external 
occipital protuberance (E); lateral part of occipital 
bone (F); mastoid process of temporal bone (G); 
occipital condyle (H); paracondylar/paramastoid 
process (I); foramen magnum (J).

Figure 3. A. Lateral view of mandible of barking 
deer showing alveolar socket for incisors tooth (A); 
mental foramen (B); inferior first, inferior  
second and inferior third premolar tooth (C);  
inferior first, inferior second and inferior third  
molar tooth (D); coronoid process/head/height  
of mandible (E); incisures of mandible (F); con- 
dyloid process/condylar process (G); ramus of 
the mandible (H); mandibular angle (I); notch 
for facial artery and vein (J); alveolar border (K); 
body of mandible (L); B. Medial view of mandible 
of barking deer showing coronoid process/head/ 
/height of mandible (A); incisure of mandible (B); 
condyloid process/condylar process (C); man-
dibular foramen (D); mandibular angle (E); notch 
for facial artery and nerve (F); alveolar border (G);  
alveolar socket for incisors tooth (H); inferior 
first, inferior second and inferior third premolar 
tooth (I); inferior first, inferior second and inferior 
third molar tooth (J).
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foramen and foramen orbitorotundum as in chital 
[19], blackbuck [4] and chinkara [20].

In both species, the cranial cavity was ovoid and 
elongated caudally as mentioned in blackbuck [4] and 
goat [3]. The cranial cavity roof was formed by the 
frontal, occipital, interparietal and parietal bones. The 
floor was made up of the basioccipital and sphenoid 
bones. The cranial cavity’s lateral wall was constituted 
by occipital, parietal, temporal and frontal bones in 
the barking and sambar deer as reported earlier in 
chital [19] and blackbuck [4]. The nasal cavity wall 
was made up of a cribriform plate of the ethmoid that 
separated the nasal cavity from the cranium, which 
was even noticed in chital [19] and blackbuck [4].  
A cerebral fossa was noticed dorso-lateral to inter-
nal acoustic meatus as reported in chital [19] and 
blackbuck [4]. 

In barking and sambar deer, the nasal cavity was 
a longitudinal passage that expanded via the upper 
part of facial bone. This cavity was separated into 
two halves: right and left by median septum nasi as 
recorded earlier in chital [19] and blackbuck [4]. The 

lateral wall was formed by the maxilla, incisive and 
perpendicular part of palatine bones as reported ear-
lier in chital [19] and blackbuck [4]. The nasal cavity 
floor was lengthy compared to its roof as mentioned 
earlier in blackbuck [4]. 

The total numbers of teeth in barking and sambar 
deer were 34 with an upper canine tooth in maxilla 
bone. The upper jaw carried the superior 3 premolars 
and molars and the lower jaw presented 3 incisors, 
1 canine, 3 inferior premolars and 3 molars, respec-
tively. However, the total numbers of teeth were  
32 due to the absence of an upper canine tooth in 
chital [19] and blackbuck [4].

Neurocranium

Os occipitale

The occipital bone was observed in the caudal 
surface of the skull in both species and consisted of 
basilar part, squamous part and lateral parts as re-
ported earlier in chital [19], blackbuck [4] and chinka-
ra [20]. The basilar part was short and wide in barking 
and sambar deer as described in blackbuck [4]. The 

Figure 4. A. Radiograph of dorsal view of the skull of male barking deer showing foramen magnum (A); occipital condyle (B); foramen ovale 
(C); superior first, superior second and superior third molar tooth (D); turbinate bone (E); alveolar socket of superior first premolar tooth (F); 
nasal canal (G); vomer bone (H); nasal process of incisive bone (I); body of incisive bone (J); interincisive fissure (K); palatine process of  
incisive bone (L); palatine fissure (M); pre-orbital fossa (N); superior first, superior second and superior third premolar tooth (O); B. Radio
graph of dorsal view of the skull of male sambar deer showing foramen magnum (A); foramen ovale (B); superior first, superior second 
and superior third molar tooth (C); superior first, superior second and superior third premolar tooth (D); vomer bone (E); palatine process of 
incisive bone (F); palatine fissure (G); interincisive fissure (H); body of incisive bone (I); nasal process of incisive bone (J); nasal canal (K); 
turbinate bone (L).

A B
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Figure 5. A. Radiograph of lateral view of the 
skull of male barking deer showing incisive bone 
(A); nasal bone (B); turbinate bone (C); maxillary 
sinus (D); orbit (E); cranial cavity (F); superior 
first, superior second and superior third molar 
tooth (G); superior first, superior second and 
superior third premolar tooth (H); B. Radiograph 
of lateral view of the skull of male sambar deer 
showing nasal bone (A); maxillary sinus (B);  
orbit (C); cranial cavity (D); superior first, superior  
second and superior third molar tooth (E);  
superior first, superior second and superior  
third premolar tooth (F); incisive bone (G).

Figure 6. A. Radiograph of lateral view of the 
mandible of barking deer showing root of the lat-
eral alveolar tooth (A); mental foramen (B); inferi-
or first, inferior second and inferior third premolar 
tooth (C); inferior first, inferior second and infe-
rior third molar tooth (D); height/head/coronoid 
process of mandible (E); condylar process (F); 
mandibular foramen (G); mandibular canal (H); 
B. Radiograph of medial view of the mandible of 
sambar deer showing root of the lateral alveolar 
tooth (A); inferior first, inferior second and inferi-
or third premolar tooth (B); inferior first, inferior 
second and inferior third molar tooth (C);  
height/head/coronoid process of mandible (D);  
condylar process (E); mandibular foramen (F); 
root of teeth (G); mandibular canal (H).
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hypoglossi) was located between the paracondylar 
and condylar processes in both species. The foramen 
magnum was huge and almost oval as mentioned in 
chital [19], goat of Mizoram [3], chinkara [20] and 
Bardhoka sheep [6].

Os sphenoidale

In barking and sambar deer, the sphenoid bone 
was single. It was located between the basilar portion 
of the occipital bone and ethmoid bone rostrally as 
reported in chital [19] and blackbuck [4]. It formed 
the cranial cavity floor and was composed of two 
parts: presphenoid rostrally and postsphenoid cau-
dally. The orbital fissure and round foramen (foramen 
rotundum) unite to form foramen orbitorotundum as 
mentioned in chital [19] and blackbuck [4]. The oval 
foramen was formed completely by the sphenoid 
bone as described earlier in blackbuck [4].

Os temporale

The temporal bone was paired, irregular in shape 
in both species. The temporal bone formed the lateral 
wall of the cranium. This bone was situated between 

jugular foramen (Fig. 1B) was located on either side of 
the basilar part, adjacent to the tympanic bullae. The 
muscular tubercle was found in the basilar portion 
of the occipital bone in both species. The squamous 
part was quadrilateral in both species as reported in 
blackbuck [4], whereas it was pentagonal in kagani 
goat [20]. The lateral parts of the occipital bones 
formed the lateral borders of the foramen magnum in 
both species. The nuchal crest was less prominent in 
barking and sambar deer as reported in blackbuck [4]. 
In both species, the external occipital protuberance 
was a median triangular projection for attachment 
of nuchal ligament as noted earlier in chital [19] and 
blackbuck [4]. The paramastoid processes were thin, 
prismatic and projected ventrally in barking and sam-
bar deer as noticed earlier in chital [19], blackbuck [4] 
and chinkara [20]. The lateral parts of the occipital 
bone formed the lateral borders of the foramen mag-
num in both species. The lateral parts consisted of 
occipital condyles with the condylar process. Lateral 
to the condylar processes, paracondylar processes 
were present in both species as reported in chital [19] 
and blackbuck [4]. The hypoglossal canal (canalis nervi 

Figure 7. A. Computed tomography scan of 
the head region of the barking deer showing 
frontal bone (A), frontal sinus (B), nasal septum 
(C), maxillary sinus (D), nasolacrimal duct (E), 
ethmoturbinates with ethmoidal conchae (F) and 
mandibular canal (G); B. Computed tomography 
scan of the head region of the sambar deer 
showing frontal bone (A), frontal sinus (B), nasal 
septum (C), maxillary sinus (D), nasolacrimal 
duct (E), ethmoturbinates with ethmoidal  
conchae (F) and mandibular canal (G).
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parietal bone dorsally, frontal bone cranially, sphe-
noid bone ventrally and occipital bone caudally as 
reported in chital [19] and blackbuck [4]. These bones 
consisted of three parts, namely: the squamous (pars 
squamosa), petrous parts (pars petrosa) and tympanic 
part (pars typmpanica). The squamous portion of the 
temporal bone was shell-like and the petrous portion 
was placed in between the occipital caudally and 
parietal cranially and was overlapped exteriorly by 
squamous temporal bone as mentioned in chital [19] 
and blackbuck [4]. The zygomatic process of temporal 
bone did not articulate with the zygomatic process of 
frontal bone as mentioned in goat of Mizoram [3]. The 
articular tubercle was present; however, it was absent 
in chital [19]. The hyoid process was short rod-shaped 
in both species, projected downwards and onwards 
beneath the external auditory processes. The mastoid 
process was present in both species but was absent in 
chital [19] and blackbuck [4]. The tympanic bulla was 
huge in both species as mentioned in chital [19] and 
blackbuck [4]. The temporal fossa was deep and well 
developed in both species as reported earlier in kagani 
goat [20], blackbuck [4] and Bardhoka sheep [6].

Os frontale

The frontal bone was paired and irregular and 
slightly rectangular in both deer species. The caudal 
portion of the external surface of these bones was 
convex with the suppressed cranial part, which was 
also mentioned in chital [19] and blackbuck [4]. In 
both species, these bones joined with parietal bone 
at the frontoparietal suture, caudally and rostrally to 
nasal bones at the nasofrontal suture. The supraorbital 
foramen was placed in a supraorbital groove near the 
orbit’s medial margin, similar to the findings in chital 
[19] and blackbuck [4]. However, it was in the supraor-
bital groove of the medial brim of the orbit in chinkara 
[20]. The frontal sinus was merged to the frontal bone 
as noted earlier in chital [19] and blackbuck [4].

Os parietale

The parietal bone in both species was paired and 
composed the dorsolateral wall of the cranial cavity. 
It was bordered by the occipital bone caudally and 
frontal bone rostrally in both species as reported in 
chital [19] and blackbuck [4].

Os interparietale

In barking and sambar deer, the interparietal 
bone was unpaired, wide, quadrilateral and situated 

between occipital and parietal bone as reported in 
chital [19] and blackbuck [4]. It contributed to the 
formation of the cranial cavity roof as also reported 
earlier in chinkara [20].

Os ethmoidale

In both species, the ethmoid bone was single and 
placed in between the cranial and nasal cavity as no-
ticed in chital [19], blackbuck [4] and chinkara [20]. 
Ethmoid bones merged with presphenoid caudally, 
vomer and palatine bones rostro-ventrally and with 
frontal bones dorso-rostrally, which was parallel to 
the findings in chital [19], blackbuck [4] and chinkara 
[20]. It was composed of the cribriform plate, laby-
rinth and the perpendicular plate as discussed earlier 
in chital [19] and blackbuck [4]. In both deer species, 
it carried an ethmoidal foramen placed in an orbital 
plate of frontal bone as reported earlier in chital [19] 
and blackbuck [4]. In contrast, the same foramen was 
located entirely in the frontal bone in chinkara [20]. 

Viscerocranium

Os nasale

In barking and sambar deer, the nasal bone (Fig. 1A)  
was pair of bone articulated rostrally with incisive 
bone and caudally with the frontal bone as report-
ed earlier in chital [19] and blackbuck [4]. In both 
species, the nasal bones constituted the larger part 
of the roof of the nasal cavity. The rostral extremity 
of these bones was separated into two by a notch. 
The posterior extremity of the paired nasal bone 
presented with a notch composed of the rostral part 
of frontal bones resembled the observations in chital 
[19] and blackbuck [4].

Os lacrimale

In both species, the lacrimal bone (Fig. 2A) was 
paired. These bones superiorly articulated with fron-
tal and nasal bones, ventrally with maxilla bone and 
caudally with the malar bone as described in chital 
[19]; however, the lacrimal bone connected with fron-
tal bones superiorly, maxilla bones ventrally, malar 
bones caudally and palatine bone beneath and be-
yond in blackbuck [4]. The larger and smaller parts 
of lacrimal bones were combined together along the 
orbital rim. A lacrimal bulla was noted in both species 
as described in chital [19] and blackbuck [4]. These 
bones also presented a deep nasolacrimal fissure in 
both species as reported in Bardhoka sheep [6], but 
it was much deeper in sambar deer. In both species, 
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very deep and prominent depression or fossa called 
lacrimal fossa for lodgement of the preorbital gland 
as described in Bardhoka sheep [6] and these fossae 
were deeper in sambar deer.

Os zygomaticum

In both species, the zygomatic bone was paired 
and situated between lacrimal above and maxilla be-
neath and in front as reported earlier in blackbuck [4].  
These bones were curved crest-like, around the in-
fraorbital margin continuing to the maxilla bone as 
also reported in chital [19] and blackbuck [4]. The 
orbital surface of the zygomatic bone was smaller 
than the lateral surface in both species similar to 
findings in chital [19] and blackbuck [4]. The frontal 
process of the zygomatic bones articulated with the 
zygomatic process of the frontal bones, as mentioned 
in chital [19] and blackbuck [4].

Os maxillare

In barking and sambar deer, the maxilla (Fig. 2A, B)  
was irregular and placed between the nasal and incisive 
bones. The facial tuberosity was present caudal to the 
infraorbital foramen as elucidated in blackbuck [4]  
and Bardhoka sheep breed [6]. This tuberosity was 
present dorsally at the superior third premolar tooth in 
barking deer as also discussed in chital [19], goat [3]; 
and was dorsally at the superior first molar tooth in sam-
bar deer, which was also noted in Bardhoka sheep [6].  
However, the same was placed at the junction of  
fourth and fifth cheek teeth in kagani goat [20] and 
was at the level of fifth cheek tooth in Mehraban 
sheep [8]. A small, elliptical infraorbital foramen was 
placed at the level of the superior first premolar tooth 
as mentioned in chital [19], while the infraorbital fo-
ramen was oval-shaped and placed in maxilla bone 
dorsally and oriented rostrally at the level of second 
cheek tooth in chinkara [20] and was located at the 
level of the first molar in Bardhoka sheep [6]. The facial 
crest was found in both the deer species; however, it 
was very prominent in Mehraban sheep [8]. The facial 
tuberosity was observed dorsally at the superior third 
premolar in barking deer as reported earlier in chital 
[19] and goat [3]. In contrast, it was placed dorsally 
at the superior first molar tooth in the sambar deer, 
which was just caudal to infraorbital foramen in chital 
[19], blackbuck [4] and Bardhoka sheep [6]. In other 
studies, it was found to be at the intersection of fourth 
and fifth cheek teeth in kagani goat [20], at the level 
of fifth cheek tooth in sheep [8].

The facial crest caudally extended from facial tu-
berosity to the facial surface of the zygomatic bone. In 
both species, the alveolar border presented 6 alveoli 
for the superior 3 premolar and superior 3 molar as 
also noted in chital [19] and blackbuck [4]. The pal-
atine process (Processus palatinus) was a thin plate 
that forms the rostral part of the basis of hard palate 
as reported in blackbuck [4].

Os incisivum

In both species, the incisive bone (Fig. 2A) was 
a paired bone, thin and wide plate as also reported 
in chital [19]. It did not carry any alveolus for upper 
teeth and presented a dental pad as in chital [19] and 
blackbuck [4]. The nasal process of incisive bone was 
joined to the nasal bone. The palatine process was  
a thin plate that composed the rostral part of the basis 
of the hard palate in barking and sambar deer, which 
was also recorded in chital [19] and blackbuck [4].  
The palatine fissure was wide and elongated. Both 
species also presented nasoincisive incisure as also 
noticed in Bardhoka sheep [6].

Os palatinum

In the barking and sambar deer, the palatine bone 
(Fig. 1B) was a paired bone and visualised in the ven-
tral surface of the skull between the maxilla, sphenoid 
and pterygoid bones. The horizontal plate of palatine 
bones was extensive, whereas the same was narrow in 
chital [19] and blackbuck [4]. The two major palatine 
foramina were perforated on the palatine bone as 
reported earlier in chital [19] and blackbuck [4]. In 
contrast, it was placed on the intersection of the hori-
zontal plate of palatine bone and the palatine process 
of the maxilla in chinkara [20]. In both deer species, 
the transverse palatine suture was “V” shaped and 
serrated, lying over the greater palatine foramina as 
reported in kagani goat [20].

Vomer

In barking and sambar deer, the vomer was an 
unpaired bone. It remained fused with the incisive, 
maxilla and sphenoid bone and did not articulate 
with the palatine bone as mentioned in chital [19] and 
blackbuck [4]. The cranial third of these bones fitted 
into the nasal crest of the maxilla in both species that 
was also recorded in chital [19] and blackbuck [4]. 
However, the laminae of the vomer bone terminated at 
the junction of palatine processes of maxilla and pala-
tine processes of incisive bones in Bardhoka sheep [6].
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Os pterygoideum

In both species, the pterygoid was a paired bone. 
These bones (Fig. 1B) were thin bony plates and 
placed between the sphenoid and horizontal plate 
of the palatine bone. The pterygoid hamulus in both 
species was a hook-shaped process as reported in 
chital [19] and blackbuck [4].

Mandibula

In both species, the mandible was a paired bone 
consisted of a body and a ramus. The mandibular 
symphysis (Fig. 3; 6A, B) remained unossified as 
mentioned in chital [19] and blackbuck [4]. The 
medial surface of the mandibular symphysis dis-
played large interdigitating septa in both species 
that entered into large mediolateral depressions of 
the opposing mandible. The mandibular corpus was 
moderately curved when placed on a flat surface 
and did not join the surface at each extremity. In 
barking and sambar deer, an incisive part of the 
body remained elevated from the ground, resem-
bling to chital [19] and blackbuck [4]. The mandible 
also presented 6 alveoli for inferior 3 premolar 
teeth and inferior 3 molar teeth in both species as 
reported in chital [19] and blackbuck [4]. The man-
dible also presented 8 alveoli for canine and incisors 
as mentioned earlier in chital [19]. In both deer 
species, the mental foramen, an external opening 
of the mandibular canal was located in the fossa 
placed at junction with the body of the mandible as 
stated in chital and blackbuck [4, 19]. The mental 
foramina in sambar deer were exceptionally large 
and in most cases elongated but were complete 
spheres in the barking deer. The mandibular foram-
ina were oval or elongated in sambar and barking 
deer. The mandibular tuberosity was absent, which 
was also similar to chital [19]. The caudal and per-
pendicular part of the mandible (ramus) was the 
non-tooth bearer part as reported in chinkara and 
[20] blackbuck [4]. In the barking and sambar deer, 
the articular extremity or caudal extremity con-
tained the condylar process and coronoid process 
with an intervening notch. The coronoid process 
was curved caudally and caudodorsally expanded 
above the condyle and formed the tallest point of 
the bone that was the same as observed in chital 
[19] and blackbuck [4]. The head of the condylar 
process of the mandible was transversely elongated 
as reported earlier in chital [19] and blackbuck [4].

Ossa turbinata

In barking and sambar deer, the turbinate bones 
(Fig. 4A, B) were paired, very fine, scroll-like, com-
plex bony plates located vertically in the nasal cavity 
attached to the lateral wall of the nasal cavity. These 
bones arose from dorsal and lateral walls of ethmoid 
bones in both deer species. Turbinate bones were 
visible on radiographs and CT in both species. There 
were paired dorsal and paired ventral turbinates on 
each edge of the nasal cavity as recorded in chital 
[19] and blackbuck [4].

Os hyoideum

The hyoid bone was an unpaired bone and its 
morphology was similar to the domestic and wild 
small ruminant species such as goat of Mizoram, 
chital and blackbuck [3, 4, 19].

Radiographic study

The radiograph of skull bones of barking and sam-
bar deer (Fig. 4–6A, B) showed the dolichocephalic type 
and elongated as mentioned in blackbuck [4]. The nasal 
canal was divided by a nasal septum similar to chital 
[19]. The cranial cavity was visibly recognised with the 
foramen magnum located along its caudoventrally as 
reported in chital [19]. The ventrodorsal aspect was 
more appropriate for the vomer, nasal septum, nasal 
cavity, premolar and molar teeth. The dorsoventral 
view showed better visualisation of the vomer, pal-
atine and maxillary sinuses that was also noticed in 
blackbuck [4]. The occipital condyles and foramen 
magnum were also clearly recognized in both species 
as reported in sheep [21] and blackbuck [4].

Computed tomography study

The CT (Fig. 7A, B) scan of skull bones of both 
species clearly showed the paranasal, frontal and, 
maxillary sinuses. A thick bony septum (nasal septum) 
completely separated the left and right frontal sinus, 
and a thin incomplete bony septum divided the max-
illary sinus into rostral and caudal compartments as 
was recorded in chital [19].

The frontal sinuses of both species were roughly 
triangular in outline with its base located medially and 
the same was also reported in chital [19]. These sinus-
es were air-filled cavities formed by the evagination of 
frontal bones into the nasal cavity. The frontal sinus 
was bounded by frontal bone dorsally, medial wall 
of the orbit ventrolaterally, cranium caudoventrally 



174

Folia Morphol., 2022, Vol. 81, No. 1

and turbinates rostroventrally and continued directly 
to the caudal maxillary side. A thick midline bony 
septum (nasal septum) completely divided both left 
and right frontal sinuses as also mentioned in chital 
[19]. The frontal sinus presents rostral and caudal 
compartments extended to the cornual processes in 
barking and sambar deer.

In both species, the maxillary sinuses were an 
air-filled cavity formed by the evagination of maxil-
lary, lacrimal and zygomatic bones as also reported 
in chital [19]. These sinuses directly communicated 
with the nasal cavity. The lateral wall of the maxillary 
sinus was comprised of the maxilla, lacrimal and zy-
gomatic bones, while the alveolar part of the maxilla 
formed the floor or ventral wall. The frontal sinus 
was bounded by the maxilla, ventral turbinate and 
the lateral mass of ethmoid bone, medially. A thin 
incomplete bony septum divided the sinuses into 
two compartments that are cranial and caudal and 
this septum angled caudally oblique with the varied 
position in its rostral aspect, generally over the roots 
of second and third molar teeth and the same was 
also described in chital [19].

CONCLUSIONS
The skull morphology derived in the present study 

can help the wildlife forensic officials, researchers, 
clinicians and surgeons in giving better knowledge 
about the different anatomical structures present 
on the skull bones and its comparative observation 
between various domestic and wild small ruminants.
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Background: The objective of this study is to investigate the position and fre-
quency of dehiscences in the medial orbital wall and to reveal that dehiscences 
and orbital adipose tissue hernias are distinct entities. 
Materials and methods: Two hundred-thirty medial orbital walls of 115 patients 
with a preliminary diagnosis of headache and sinusitis but without active ethmoidal 
sinusitis were examined by computer tomography in the axial plane. Two separate 
radiologists assessed continuity of the medial orbital wall and orbital fat tissue 
herniation in ethmoid cells. The medial orbital wall was divided into four quadrants 
and the dehiscence distribution was evaluated.
Results: Bone defects were detected in 71 (30.9%) patients in 230 orbital medial 
wall reviews of 115 patients (59 males, 56 females). Eight (3.5%) of these cases 
(4 male, 4 female) had herniation of the orbital adipose tissue into the ethmoid 
sinus. Of the 108 dehiscences, 47 were localised in the posterior upper quad-
rant. A statistically significant difference was found in the dehiscence distribution 
according to the quadrants. No significant relationship was found among age, 
gender, side of dehiscence and frequency of dehiscence. 
Conclusions: Dehiscences in the posterior upper quadrant are more common 
in the medial orbital wall. Although bone dehiscences in the medial orbital wall 
and the herniation of the orbital fat tissue are two different entities, they are 
used interchangeably in most of the literature and in radiological reporting. (Folia 
Morphol 2022; 81, 1: 175–182)

Key words: dehiscence, herniation, medial orbital wall, computed 
tomography

INTRODUCTION
The bone structures that constitute the orbital me-

dial wall are the lateral or orbital face of the lacrimal 
bone, the frontal process of the maxillary bone, the 
lamina papyracea (LP) of the ethmoid bone, and the 

corpus of the sphenoid bone [10]. Paranasal sinuses 
are air-filled spaces located within the facial and skull 
bones where many variations are seen [18]. Especially 
medial orbital wall bone structures are very thin and 
dehiscences are common [25]. Meloni et al. [14] re-
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ported a high prevalence rate of dehiscence in lamina 
papyracea as 32%.

Dehiscences in the bone structure are important 
for the intraorbital and intracranial spread of parana-
sal sinus infections [4]. It is also a facilitating condition 
for complications that can be seen during functional 
endoscopic sinus surgery (FESS) [15]. During FESS, 
various complications such as bleeding, blindness 
and even skull base defect can develop [1].

A properly performed computed tomography (CT) 
for paranasal sinuses provides detailed information 
about the sinonasal anatomy and its variations [2]. 
After a detailed investigation of the literature we tried 
to highlight the confusion about the terminological 
errors in publications about medial orbital wall dis-
continuities. In addition, we examined the frequency 
and localisations of medial orbital wall dehiscences 
in patients who underwent paranasal sinus CT exam-
ination with a pre-diagnosis of sinusitis but did not 
have active ethmoidal sinusitis. 

MATERIALS AND METHODS
Five hundred paranasal sinus CT scans with pre-di-

agnosis of sinusitis and headache have been analysed 
by Picture Archiving and Communication Systems. 
Forty-eight patients with a history of surgery and/or 
major trauma and 26 patients with movement arte-
facts that impaired the medial orbital wall assessment 
were removed from the study sample. In addition, 311 
patients with active sinusitis that could interfere with 
the evaluation of the medial orbital wall by affect-
ing air-bone contrast were excluded from the study  
(Fig. 1). The study group consisted of 115 patients  
(59 males, 56 females) between 12 and 88 years of age 
who were previously thought to have had sinusitis but 
active ethmoid sinusitis was not detected by the CT scan.

Imaging studies were performed in a private med-
ical imaging centre between 07/2017 and 01/2018 
using a GE brand IQ model spiral device with 32 de-
tectors, and 130 kV voltage and 80–120 mAs values in 
accordance with the bone protocol. CT images were 
taken in the axial plane with a cross-section thickness 
of 2.5 mm and evaluated together with sagittal and 
coronal reformatted images.

This retrospective study involving human partic-
ipants was in accordance with the ethical standards 
of the institutional and national research committee 
and with the 1964 Helsinki Declaration and its lat-
er amendments or comparable ethical standards. 
Informed consent was waived because of the retro-

spective nature of the study and the analysis used 
anonymous clinical data.

Two hundred-thirty orbital walls of 115 patients 
were examined in the axial plane and the discontinu-
ity of bone density belonging to the bone structure 
between the orbital adipose tissue and ethmoid air 
was investigated. If bone discontinuities detected in 
the axial plane could be confirmed in the coronal or 
sagittal plane, they were accepted as a defect/gap. 
Findings were recorded for all patients, and cases 
were identified as defect/gap when two independent 
radiologists agreed. The medial orbital wall was di-
vided into four as the anterior upper, anterior lower, 
posterior upper, posterior lower quadrant, and the 
distribution of dehiscence according to the quadrants 
was recorded.

Anterior and posterior dehiscences have been 
reported in the classification of dehiscence in liter-
ature and basal lamella separating the anterior and 
posterior ethmoid cells is considered as a border [14]. 
A classification of four quadrants, as we did in this 
report, has not been done before. The bone structures 
that constitute the medial orbital wall are the orbital 
face of the lacrimal bone, the frontal process of the 
maxillary bone, the LP of the ethmoid bone, and the 
corpus of the sphenoid bone. 

Although the four-quadrant classification is not 
based on the bone margins, it can be said the anterior 
upper quadrant is formed by the frontal process of 
the maxillary bone, the upper 1/3 part of the lacrimal 
bone and the anterior part of the lamina papyracea 
superior 1/2 section. The anterior lower quadrant 
is formed by the lacrimal process of the maxillary 
bone, the lower 2/3 part of the lacrimal bone and 
the anterior part of the LP inferior 1/2 section. The 

Figure 1. Flowchart shows study population and patient selec-
tion process.

Assessed for eligibility (n = 500)

48 patient excluded (artifacts, preventing assessment of medial orbital wall)

26 patient excluded (artifacts, preventing assessment of medial orbital wall)

311 patient excluded (active ethmoidal sinusitis)

Study group (n = 115)
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posterior upper quadrant is formed by the posterior 
part of the LP superior 1/2 section and part of the 
sphenoid bone corpus. The posterior lower quadrant 
is formed by the posterior part of the LP inferior 1/2 
section and part of the sphenoid corpus.

Statistical analysis

Patients with dehiscence were evaluated with the 
Spearman rho correlation coefficient test in terms of 
age, gender and dehiscence’s being on the right or 
left side. The dehiscence frequencies according to 
the quadrants were analysed using the c2 test. SPSS 
version 22 software (IBM Corporation NY, USA) was 
used when performing statistical analyses and the 
level of significance was set at alpha = 0.05.

RESULTS
Bone defects were detected in 71 (30.9%) of 230 

orbital medial walls of 115 patients (59 male, 56 fe-
male). Some orbital medial walls had more than one 
defect and the total number of dehiscences was 108. 
A total of 108 dehiscences were detected, including  
8 in the right anterior upper quadrant, 10 in the right 
anterior lower quadrant, 23 in the right posterior 
upper quadrant, 15 in the right posterior lower quad-
rant, 10 in the left anterior upper quadrant, 7 in the 
left anterior lower quadrant, 24 in the left posterior 
upper quadrant, and 11 in the left posterior lower 
quadrant (Fig. 2). Eight of the total orbital medial 
walls (3.5%) had herniation of the orbital adipose 
tissue into the ethmoid sinus. 

While no dehiscence was found in 60 patients, 16 
patients had dehiscence on both the right and left 
sides. Dehiscence was observed in 23 patients on the 
right side and 16 patients on the left side.

When classified as right and left, there were 32 
bone defects on the right orbital medial wall, while 
there were no bone defects on 83 orbital medial 
walls. While there were 39 bone defects on the left 
orbital medial wall, there were no bone defects on 
76 orbital medial walls. 

The mean age was 39.957, median age 39 years 
and the standard deviation was 15.871. The age distri-
bution between men and women was homogeneous.

There was no significant relationship between 
age, sex, dehiscence on the right or left side, and the 
frequency of dehiscence (r in range of 0.074–0.211 
p > 0.05). A statistically significant difference was 
found in the dehiscence distribution according to the 
quadrants (c2 test, p < 0.05; Tables 1–4).

DISCUSSION
The dehiscences in the medial orbital wall were 

firstly included in the German work which we can 
translate as the past and present of the University of 
Vienna Human Anatomy Museum written by Prof.  
Dr. Joseph Hyrtl in 1869. It is an inventory study of the 
museum; Hyrtl used the same term for bone defects 
in various anatomical structures in more than thirty 
locations in this work [8].

Prof. Dr. Emil Zuckerkandl, one of Hyrtl’s students, 
who would be much more famous than Hyrtl himself 
in the future, also mentioned the existing dehiscences 
for many bones in his work titled “Normale und pathol-
ogische Anatomie der Nasenhöhle und ihrer pneuma-
tischen Anhänge” published in 1882. Zuckerkandl used 
the term of dehiscence, which was also mentioned by 

Figure 2. Distribution of dehiscences by quadrants.

Dehiscence number

Dehiscence percentage

Anterior upper
quadrant

Posterior upper
quadrant

Anterior lower
quadrant

Posterior lower
quadrant

20
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18 17 47 267.8 7.4 20.4 11.3

Table 1. Prevalence of medial orbital wall dehiscences

Computed tomography images

115 patients, n (%) 230 sides, n (%)

Medial orbital wall  
dehiscences

55 (47.8%) 71 (30.9%)

Table 2. The localisation of medial orbital wall dehiscences as 
right- and left-sided

Medial orbital  
wall dehiscences

Positive CT images 
115 patients, n

Negative CT images  
115 patients, n

Right 32 83

Left 39 76

CT — computed tomography; n — number of patients
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Hyrtl before, for dehiscence in the medial orbital wall, 
stated that he saw this defect in various localisations 
of the medial orbital wall in 14 cases. Zuckerkandl also 
gave information about these dehiscences in the same 
work with very successful drawings [26].

American surgeon Howard A. Lothrop who stud-
ied at the University of Vienna for 2 years, stated 
that dehiscence in the frontal sinus as “the defects 
described as dehiscences by Zuckerkandl” in his article 
titled “The Anatomy and Surgery of the Frontal Sinus 
and Anterior Ethmoidal Cells”, which was published 
in 1898. He stated that there was no frontal sinus de-
hiscence in his study, he found only two dehiscences 
in the LP in the 250 orbital walls of 125 cadavers, 
and this situation had no clinical significance [12].

The famous Hungarian otorhinolaryngology pro-
fessor Adolf Onodi reported that there was an increase 
in the spread of sinus infections due to congenital 
and acquired bone defects, and he defined anterior 
frontal, posterior frontal, cribriform, maxillary, optic 
and sphenoid dehiscences in 1909 in his study of 
“oculo-orbital, intracranial and cerebral complications 
of paranasal sinus diseases”. He emphasized the par-
allelism of these findings with Zuckerkandl, Mouret, 
Lindt, Castex, Cisneros, Jacques, Merlin, Gilmaertz and 
Spee and their importance in the spread of infection. 

In the same article, he examined the thinness of the 
bones and stated that the cribriform plate was the 
thinnest bone, while drawing attention to the LP [17].

In 1911, Thomas J. Harris first used the term 
“Zuckerkandl dehiscence” in his article titled “Atypical 
mastoiditis — its cause, pathology, symptomatology 
and diagnosis” published in the journal of Laryngo-
scope [6]. However, he used this term (Zuckerkandl 
dehiscence) for dehiscences in the temporal bone and 
cited it as one of the spreading paths of the periostitis 
seen in latent mastoiditis.

Teatini et al. [23], in their article titled “Computed 
tomography of the ethmoid labyrinth and adjacent 
structures” performed in 1987, stated that dehiscenc-
es in LP were not frequent but their number increased 
after polyposis. In our opinion, this is one of the rare 
studies where the term dehiscence is used correctly. 
In the figure of the polyposis case presented in the 
study, dehiscences in the bone structure are clearly 
seen and herniation is not available. 

In our literature review, we have noticed that 
the term of dehiscence is used synonymously with 
protrusion and herniation.

Meloni et al. [14] stated that they found a dehis-
cence rate of LP at 32% and only 6% had posterior 
ethmoid localisation in a radiological anatomy study 
involving 100 patients and emphasized the surgical 
importance of anatomic variations of ethmoid laby-
rinth and sphenoid sinus. Meloni et al. [14] reported 
the highest dehiscence rate of LP as 32% in 1992 in 
the literature and this number is the closest value 
to our study. These dehiscences are 23% anterior, 
6% posterior, and 2% affecting both. Meloni et al. 
[14] state that these defects are very common in 
very thin bone structures, which possibly occur as 
previous or already existing diseases, or sometimes 
develop spontaneously. In both cases, incomplete 
ossification or excessive pneumatisation is shown as 
the reason for this. In this study, Meloni et al. [14] 
reports bone dehiscences around the internal acoustic 
canal, maxillary nerve, and Vidian nerve as well as the 
dehiscences in LP. The reason for the high dehiscence 

Table 4. Spearman rank correlation coefficient analysis  
between age, gender, side and dehiscence

Spearman’s rho Gender Age Right Left

Gender:
     r
     p

1.000 –0.74
0.429

–0.133
0.158

0.036
0.669

Age:
     r
     p

1.000 0.087
0.353

0.059
0.533

Right:
     r
     p

1.000 0.211
0.024

Left
     r
     p

1.000

Table 3. Bilateral and unilateral distributions of medial orbital wall dehiscences

Right medial orbital wall positive  
dehiscences CT images, n

Right medial orbital wall negative  
dehiscences CT images, n

Left medial orbital wall positive dehiscences CT images, n 16 (14% bilateral positive) 16 (14% left unilateral positive)

Left medial orbital wall negative dehiscences CT images, n 23 (20% right unilateral positive) 60 (52% bilateral negative)

CT — computed tomography; n — number of patients 
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rates is probably because the researchers interpret the 
excessive thinning of the bone plate as a dehiscence. 
Although there are no patients with active ethmoidal 
sinusitis in our study group, previous sinusitis can also 
cause excessive thinning of the bone plate, which we 
interpret as dehiscence. 

Moulin et al. [16] reported that six dehiscences, 
which they found in the 783 CT scans, always involved 
the external wall of the ethmoid bulla and the poste-
rior part of the ethmoid bone was preserved. Similar 
to previous literature, they stated that there was no 
dehiscence in the posterior of basal lamella [16]. 
While Moulin et al. [16] explained the dehiscence rate 
as 0.8%, they stated that they might be confused with 
infectious, tumoural or post-traumatic lesions. This 
implies that all six patients had a fatty mass protru-
sion view associated with orbital fat through a gap. It 
was reported that in one patient, dehiscence affected 
the lacrimal bone; in no case the ethmoid bulla was 
completely filled. Again, in the same study, the term 
‘gap’ was used several times instead of dehiscence. 

The embryogenesis of congenital LP dehiscences 
is uncertain. Since ethmoid cells are formed by the 
invagination of the olfactory pit epithelium, the holes 
in the LP can occur as the olfactory pit epithelium goes 
beyond the lateral limit of the facial embryonic mes-
enchyme (overextension). However, cadaveric studies 
and the bulge towards the medial, which Zuckerkandl 
defined in LP, conflict with this explanation [16].

Han et al. [5] prefer the term ‘prolapse’ instead 
of dehiscence because 70% of the orbital adipose 
tissue herniations have displacement or bowing in 
the bone. In the same study, although it was not 
statistically significant, it was stated that the age-re-
lated degeneration or subclinical minor traumas 
may be plausible explanation in congenital dehis-
cence or orbital medial bone wall weaknesses, by 
drawing attention to the frequency rate increasing 
with age [5]. 

In a major review article called “Ophtalmic com-
plications of the endoscopic sinus surgery”, Bhatti 
and Stankiewicz [1] shares the illustration of cutting 
by aspirating the medial rectus muscle into the sinus 
although a powered cutting instrument does not 
enter into the orbita in a dehiscence case without 
an apparent herniation in the orbital medial wall 
and stated that the cutting surgical tool can cause 
damage to the medial rectus muscle without entering 
the orbita in dehiscence cases [1].

In the case report in which the dehiscence in LP 
was explained with magnetic resonance findings, 
Makariou et al. [13] stated that herniation contain-
ing orbital adipose tissue and medial rectus muscle 
accompanying the defect in LP caused complaints of 
diplopia and blurred vision and they reported that it 
would be beneficial to know the presence of this ana-
tomic malformation in order to decrease the risks for 
complications such as globe and extraocular muscle 
damage, haematoma, cerebrospinal fluid leak, intrac-
ranial infection or intracranial injury during FESS [13]. 

In the study in which Meyers and Valvassori [15] 
evaluated the anatomical variations of the parana-
sal sinus with the surgical perspective, they suggest 
that LP was firstly examined from the anterior to 
the posterior for proper defect in terms of critical 
surgical information obtained from axial CT images. 
Meyers and Valvassori [15] use the terms ‘protrusion’, 
‘herniation’ and ‘dehiscence’ in similar meanings in 
the study in which they stated that they found two 
herniations in 400 patients [15]. 

Kitaguchi et al. [9] stated that they found 1.4% 
dehiscence in their study on 315 patients and that 
all dehiscences were at the level of anterior ethmoid 
sinus. Seeley et al. [20] reported a bilateral anterior 
LP dehiscence case in 2010. 

In a case report published by Lim et al. [11] in 
1999, they stated that that the CT findings in 57-year-
-old woman with the complaints of nasal obstruc-
tion, postnasal discharge and clear rhinorrhoea and 
without a history of previous nasal surgery or trauma 
was reported as normal by the radiologist and, in the 
subsequent evaluation, herniating orbital fat and part 
of medial rectus muscle could be clearly seen on the 
medial orbital wall. Lim et al. [11] stated that lamina 
papyracea dehiscences and accompanying orbital 
adipose tissue protrusions were previously reported 
to occur due to congenital or posttraumatic causes, 
but protrusion without a gap in the medial orbital 
wall was reported for the first time. In our study, one 
patient had protrusion bordered by bone structure 
without gap in the medial orbital wall.

After the widespread use of CT, detailed imaging 
of the ethmoid bone has increased especially and also 
publications about the topic have increased in the lit-
erature in recent years. The cases in which the orbital 
contents have shown herniation into the ethmoid 
sinus have been generally considered as dehiscence. 
However, it has been observed that the presence of 



180

Folia Morphol., 2022, Vol. 81, No. 1

dehiscence has not met the requirement of a hernia-
tion in dissection studies since Lothrop [12]. 

In some publications over the past 20 years, dehis-
cences on the medial wall of the orbita have been de-
fined as “Zuckerkandl dehiscence” [3, 7, 19, 21, 22].

In the case report “Concomitant bilateral orbital 
and brain abscess” conducted by Huang et al. [7] in 
2003, they referred to Zuckerkandl’s own work writ-
ten in 1892 and stated that dehiscences in LP were 
also called the Zuckerkandl dehiscence. 

In 2008, Shoja et al. [21] described the scientist’s 
life and studies in the article “Emil Zuckerkandl”, and 
they said that the fissures in the ethmoid bone were 
called Zuckerkandl dehiscence. 

In 2014, a paediatric case presentation titled “Bi-
lateral orbital complications of paediatric rhinosinus-
itis” by Singh et al. [22] and another article “Imaging 
for Headache: What the neuroradiologist looks for” by 
Bricker and Stultz [3], it was reported that dehiscences 
in lamina papyracea were known as the Zuckerkandl 
dehiscence. 

In 2014, Ozdemir and Elmas [19] carried the 
phrase Zuckerkandl dehiscence to the title of their 
article as “Recurrent sinusitis and periorbital cellulitis 
secondary to congenital Zuckerkandl dehiscence”.

As can be seen, there is confusion in the medical 
literature in terms of both the distinction between 
dehiscence and herniation, and naming the defects 
in lamina papyracea as Zuckerkandl dehiscence.

In the literature, we have noticed that different au-
thors use the terms of dehiscence, protrusion, herni-
ation, prolapse, or even ingression for the herniation 
of orbital content into the ethmoid sinus [24]. In our 
opinion, the dehiscences that are not accompanied 
by orbital adipose tissue herniation in LP and those 
accompanied by orbital adipose tissue herniation are 
different entities (Figs. 3–5). Although the subject of 
which entity is more risky during FESS needs to be 
investigated; the presence of herniation accompany-
ing the dehiscence can be a more risky situation in 
LP, which is mostly a thin structure, compared to the 
presence of only dehiscence. Therefore, we think that 
defining the herniation that accompanies dehiscence 
as only a dehiscence is an inadequate explanation.

Lamina papyracea dehiscences observed on CT 
are not uncommon, but misinterpretation is possi-
ble depending on quality of CT images. We agree 
with Meloni et al. [14] that there is no difference in 
terms of the vulnerability of the bone that is thin 
enough to be interpreted as a true dehiscence or 

dehiscence in CT. The point we want to emphasize 
is that the introduction of orbital content into the 
ethmoid sinus, which can be expressed in protrusion/

Figure 3. Dehiscence of medial orbital wall on axial plane comput-
ed tomography (most likely incomplete ossification).

Figure 4. Dehiscence of medial orbital wall on coronal plane com-
puted tomography (most likely incomplete ossification).
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prolapse/herniation, or otherwise, is not the same 
thing with the situation that does not accompany 
such changes and has been called dehiscence since 
1869. In other words, the situation that we express 
as dehiscence in lamina papyracea does not always 
occur with herniation.

Therefore, using the term “dehiscence” for gaps 
and defects while interpreting the images and using 
the term “herniation” for the entry of the orbital 
content into the ethmoid sinus accompanied by de-

hiscence will eliminate the confusion of situations. 
In addition, the terms of “protrusion” or “bone pro-
trusion” or “bone and orbital fat protrusion” will be 
more explanatory for the definition of protrusion 
without dehiscence in the medial orbital wall, which 
was reported by Lim et al. [11], and such an image 
is already seen in one of our patients (Fig. 6). In 
our opinion, calling the LP dehiscence ‘Zuckerkandl 
dehiscence’ will be a preference that may cause mis-
understandings rather than specifying the situation.

In our study, the rate of dehiscence (loss of bone 
continuity) without herniation was found to be high-
er than in most of the research. There may be three 
explanations for this high rate of dehiscence. First, 
the inability to distinguish the low-density bone 
structure below a certain thickness in our CT ex-
aminations. Second, the excessive thinning of the 
medial orbital wall caused by the previous sinusitis 
in our study group. Third, the fact that most of the 
research only defines orbital adipose tissue hernia-
tions as dehiscence may be the explanation for our 
high rate of dehiscence. It was thought that these 
interpretations could be checked by microdissection 
of samples with dehiscence in cadaver specimens 
undergoing CT.

CONCLUSIONS
As a result, we believe that radiologists should 

investigate the presence of medial orbital wall de-
hiscence whether there is a herniation or not, during 
the interpretation of paranasal sinus CT, and they 
should pay strict attention to the correct use of the 
words “herniation, dehiscence/gap, protrusion” in 
their comments and studies.  
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Background: The aim of the study was to determine sex and age from hyoid 
bone morphology on cone-beam computed tomography (CBCT).
Materials and methods: The study sample comprised 130 CBCT images. Eight 
different measurements were performed for each hyoid bone. Fusion conditions 
were assigned to each side of the hyoid bone separately as; unfused, partially 
fused, and totally fused.
Results: The hyoid length, width of the left proximal end and stature variables 
showed sexual dimorphism in all hyoid fusion types (p < 0.05). In young adult 
age group, a significant difference was found between sex and fusion types  
(p = 0.025). The body length (81.35%) and stature measurements (76.25%) 
contributed most significantly to sex estimation. 
Conclusions: Patient’s CBCT scans which enable reproducible and reliable 
measurements for bone tissues can be used for forensic procedures. Hyoid bone 
measurements with CBCT are useful methodology for age and sex estimation 
in forensic sciences with high predictive accuracy. (Folia Morphol 2022; 81, 1: 
183–189)

Key words: age estimation, hyoid bone fusion, hyoid bone 
measurement, sex estimation

INTRODUCTION
Sex identification is an important forensic and 

archaeological procedure [1, 20]. Comparison of ante 
mortem and post mortem records and examination 
of bones have a crucial role for identification [20, 21]. 
Pelvis, skull and long bone measurements are usually 
used for sex estimation [20]. But these bones may 
be damaged — burned and fragmented — because 
of disasters. In such cases, determined sex is usually 
used as an estimation of other biological features 
like age and ancestry. Thus, another method using 

other bones should be established for cases where 
the pelvis, skull and long bones are unavailable [21].

The hyoid bone originates from the branchial 
arches and arch cartilages [7]. It is a solitary bone 
without any bony articulations [5, 9]. It has mus-
cles, ligaments and fascia attachments from cranium, 
mandible and pharynx that provide physiological 
functions; including speaking, breathing, swallowing 
and keeping the upper airway open during sleep  
[6, 7, 11, 15]. The hyoid bone has distinct morpholo
gical features that allow forensic researchers to quickly  
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identify it. U-shaped bone lies anteriorly to fourth 
cervical vertebra in adults and is composed of a body, 
two greater cornua and two lesser cornua [5, 7, 15]. 
These cornua which are directed postero-laterally are 
attached to the body by synchondrosis [15]. Some 
hyoid bones show a diarthrodial structure and have 
a gap between body/cornua bone articulation [10]. 

Measurements of hyoid bone and the degree of 
fusion between hyoid bone and greater cornua might 
be helpful in age and sex estimation. Several stud-
ies including cadavers, photographs, and radiographs 
have used hyoid bone for sex estimation [1, 7, 11, 15]. 
Among these techniques, radiological assessment is 
important for age calculation and sex estimation. It 
is simple, easily applicable and non-invasive method, 
and can be evaluated in living individuals as well as in 
the dead. Cone-beam computed tomography (CBCT) is  
a radiological imaging system that provides three-di-
mensional visualisation of the anatomical structures 
and gives realistic measurements. While there are stud-
ies evaluating hyoid bone for age and sex estimation, 
no study has been found that examine sexual dimor-
phism of hyoid bone measurements of living patients in  
a contemporary Turkish population with CBCT images.

The aim of this study was to evaluate the fusion be-
tween hyoid body and cornua, and hyoid bone measure-
ments in sex estimation and aging using CBCT images.

MATERIALS AND METHODS
In this retrospective study, CBCT images, which 

were performed because of patients’ dental prob-
lems, from database of oral and maxillofacial radiol-
ogy department of Aydın Adnan Menderes University 
were used. The study was approved by the local 
ethical committee (No: 2020/36). For this study, 650 
CBCT scans from lower jaw that were performed 
between October 2014 and February 2019 were vis-
ually inspected. Fractures and acquired or congenital 
abnormalities of hyoid bone were excluded from 
study. Images with whole hyoid bone structure visible 
and without any artefacts were included. According 
to inclusion and exclusion criteria, a total of 130 
CBCT scans were selected for the study. The CBCT 
scans were obtained using standard exposure param-
eters and patient positioning protocols (field of view:  
20 × 10 cm and 20 × 15 cm, resolution: 0.2–0.4 mm, 
80–84 kVp, 8–12 mA) with a CBCT unit (Planmeca pro-
max 3D Max, Helsinki, Finland). Romexis version 4.6.2. 
software (Planmeca, Helsinki, Finland) was used for 
hyoid bone measurements. Inter- and intra-observer 

rates were calculated by re-evaluating 30 randomly 
selected subset data (15 males and 15 females). The 
original author examined and measured all scans and 
the subset data. Co-author examined and measured 
the subset data to assess interobserver error. Coeffi-
cient of reliability (R) and relative technical error of 
measurements (rTEM, %) were calculated. R value  
> 0.75 was considered sufficiently exact which reveals 
the quantity of the between-subject variance free of 
measurement errors [25]. The acceptance ranges of 
rTEM for intraobserver errors and interobserver errors 
were < 1.5% and < 2.0%, respectively [24].

Axial, sagittal, coronal and oblique views were in-
vestigated. All of the measurements were made from 
axial images that were obtained and corrected with 
slice-by-slice tracing of coronal and sagittal images. 
Eight measurements were performed for each hyoid 
bone as below:

—— Hyoid width (Hyd-W) — linear distance between 
the most distal points of the greater cornua of 
the hyoid (Fig. 1A);

—— Body length (B-L) — linear distance between the 
right and left most lateral surfaces of the hyoid 
body (Fig. 1A);

—— Hyoid length (Hyd-L) — perpendicular length from 
the most anterior surface of the hyoid body to the 
line that links the most lateral points of the greater 
cornua of the hyoid body (Fig. 1B);

—— Width of the left proximal end (LP-W) and right prox-
imal end (RP-W) maximum width of the proximal 
end of the left and right greater cornua (Fig. 1C);

—— Diameter of the left distal end (LD-D) and right 
distal end (RD-D) maximum diameter of the distal 
end of the left and right greater cornua (Fig. 1C);

—— Hyoid bone length sum of distances (stature): bilat-
eral linear distance between the most distal point of 
greater cornua and middle point of proximal surface 
of greater cornua, and bilateral linear distance be-
tween middle point of distal surface of hyoid body 
and the most proximal point of hyoid bone (Fig. 1D).
Fusion conditions were assigned to each side of the 

hyoid bone separately. The smallest distance between 
the greater cornua and hyoid body on each side was 
assessed and following three grades defined as below:

—— Unfused — there is a space between the nearest 
points of the hyoid body and greater cornua with-
out any contact (Fig. 2A);

—— Partially fused — there is a line with lower intensity 
between partially fused body and greater cornua. 
Fusion is not uniform (Fig. 2B);
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—— Totally fused — there is a uniform fusion without 
any space between the hyoid body and greater 
cornua. A line of fusion may be visible or invisible 
as one continuous structure (Fig. 2C).

Statistical analysis

Statistical analyses were done on a personal com-
puter using SPSS (IBM Statistical Package for the 
Social Sciences Statistics; New York, ABD) version 21.0 
computer software. Means, standard deviations, and 
ranges of all hyoid bone measurements were calcu-
lated according to age. The normality was assessed 
using the Shapiro-Wilk test. The mean differences 
between the sexes in the all hyoid measurement 
data were assessed using two-sample independent 
t-test. The association of fusion types with sex and 
age groups were analysed with c2 test and Pearson 

correlation. Statistically significant level was consid-
ered at a p value of < 0.05.

Univariate discriminant function analysis for 
sex classification was used for all measurements. 
Then stepwise discriminant function analysis was 
used to find most accurate sex classification. Func-
tion at group centroids were calculated, sectioning 
points for each measurements were calculated by 
adding group centroids and dividing their total  
by 2. Wilk’s lambda was calculated. Correct pre-
diction rates were calculated by the leave-one-out 
cross validation test.

RESULTS
Table 1 demonstrates the R and rTEMs values. The 

R values ranged from 0.96 to 0.99. The rTEMs values 
for interobserver and intraobserver errors ranged 

Figure 1. Measurements of hyoid bone; A. B-L — body length; Hyd-W — hyoid width; B. Hyd-L — hyoid length; C. RP-W — width of the 
right proximal end; RD-D — diameter of the right distal end; LP-W — width of the left proximal end; LD-D — diameter of the left distal end;  
D. Stature: total length of hyoid.

Figure 2. Fusion conditions of hyoid; A. Unfused; B. Partial fused; C. Totally fused.

A B

C D

A B C
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from 1.03% to 1.88% and from 1.12% to 1.94%, re-
spectively. The mean, standard deviation, and ranges 
of all hyoid bone measurements according to gender 
were shown in Table 2. There were significant differ-
ences between sexes for all measurements except the 
LD-D (p = 0.437). There is no significant difference in 
the mean age of genders (p = 0.123). No significant 
difference was found between RD-D and LD-D, RP-W 
and LP-W (p = 0.448 and p = 0.700, respectively).

The measurement means and standard deviations 
according to fusion types for males and females in the 
population are shown in Table 3. The mean age of sub-
jects in all hyoid fusion types showed no difference with 
regard to sex. Outcomes of the two-sample independ-
ent t-test for sexual differences between genders are 
shown in Table 4. The Hyd-L, LP-W and stature variables 
showed sexual dimorphism in all hyoid fusion types. 

Types of fusion according to sex and age groups 
are presented in Table 5. In young adult age group, 
a significant difference was found between sex and 
fusion types (p = 0.025), although there were no 
significant difference in adults and < 20 years groups 
(p = 0.068 and p = 0.150, respectively). The results 
of univariate discriminant function analyses for the 
hyoid bone measurements are shown in Table 6. The 
B-L (81.35%) and stature measurements (76.25%) 
contributed most significantly to sex estimation. 

DISCUSSION
In forensic science, it is important that measure-

ments made on any structure be reproducible and reli-
able. Additionally, measurements should be identified 
and explained clearly to understand definition [14]. 
Several studies have used hyoid bone measurements 
for sex and age estimation. Most of these studies 
included direct bone measurements or pictures of 
hyoid bones extracted from autopsies or anatomical 
collections [1, 11, 12, 14, 15, 22, 23]. Some of studies 
focused on two-dimensional computed tomography 
images from databases [7, 21] or X-ray films with 
various projections [17]. In this study, measurements 
of hyoid bone were performed on CBCT images which 
were made by two observers and intra-observer and 
inter-observer reliability was found to be high. This 
shows that the measurements made on the CBCT 
image of the hyoid bone are reproducible and reliable.

In this study, the mean age of the patients with 
fused hyoid bone was found to be higher than the un-
fused and partial fused hyoid bone. In previous stud-
ies [8, 18, 21], it was reported that the ossification 
of the hyoid bone increased with age. This finding is 

Table 1. The coefficient of reliability (R) and the relative  
technical error of measurement (rTEM) (n = 30)

Variable Intraobserver Interobserver 

R rTEM R rTEM

Hyd-W 0.96 1.54% 0.96 1.24%

B-L 0.98 1.32% 0.96 1.85%

Hyd-L 0.99 1.45% 0.97 1.63%

RD-D 0.99 1.03% 0.98 1.25%

RP-W 0.98 0.88% 0.97 1.12%

LD-D 0.99 1.35% 0.99 1.54%

LP-W 0.98 1.66% 0.96 1.36%

Stature 0.96 1.08% 0.96 1.94%

Hyd-W — hyoid width; B-L — body length; Hyd-L — hyoid length; RD-D — diameter of 
the right distal end; RP-W — width of the right proximal end; LD-D — diameter of the 
left distal end; LP-W — width of the left proximal end

Table 2. Descriptive statistic results for age and measurements of all hyoid bones and comparison using t tests

Male Female P value Total

Mean ± SD Range Mean ± SD Range Mean ± SD Range

Age [years] 33.04 ± 13.42 15–55 35.29 ± 15.20 14–55 0.123 34.37 ± 14.49 14–55

Hyd-W 45.20 ± 5.62 35.40–58.00 42.32 ± 4.64 28.60–54.50 0.001* 43.50 ± 5.15 28.60–8.00

B-L 23.75 ± 2.49 18.20–28.70 20.39 ± 2.12 13.20–24.70 < 0.001* 21.77 ± 2.81 13.20–28.70

Hyd-L 37.74 ± 4.00 30.20–46.40 32.28 ± 3.01 26.40–37.50 < 0.001* 34.52 ± 4.36 26.40–46.40

RD-D 3.38 ± 0.73 2.00–4.80 3.11 ± 0.55 2.10–4.50 0.017* 3.22 ± 0.64 2.00–4.80

RP-W 3.52 ± 0.77 2.10–4.90 2.83 ± 0.51 2.00–4.10 < 0.001* 3.11 ± 0.72 2.00–4.90

LD-D 3.32 ± 0.83 2.00–5.00 3.22 ± 0.71 2.00–5.20 0.437 3.26 ± 0.76 2.00–5.20

LP-W 3.42 ± 0.79 2.00–5.10 2.94 ± 0.51 1.80–4.10 < 0.001* 3.13 ± 0.68 1.80–5.10

Stature 86.30 ± 7.38 73.00–103.00 76.73 ± 6.84 60.40–90.40 < 0.001* 80.65 ± 8.48 60.40–103.00

SD — standard deviation; Hyd-W — hyoid width; B-L — body length; Hyd-L — hyoid length; RD-D — diameter of the right distal end; RP-W — width of the right proximal end;  
LD-D — diameter of the left distal end; LP-W — width of the left proximal end
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Table 3. Descriptive statistic results for the measurements of hyoid bones according to fusion types

Sex Unfused hyoid Partially fused hyoid Fused hyoid

Mean SD Mean SD Mean SD

Age (years) Total 35.96 14.65 33.7 15.17 39.75 16.01

Hyd-W Male
Female
Total

46.86
39.54
42.59

3.05
5.45
5.83

44.93
42.99
43.76

6.46
4.17
5.25

44.13
42.33
43.23

1.50
2.05
1.96

B-L Male
Female
Total

22.82
17.71
19.84

1.46
2.10
3.15

24.34
20.97
22.30

2.46
1.69
2.61

21.60
21.06
21.33

2.63
0.90
1.89

Hyd-L Male
Female
Total

37.38
29.97
33.05

2.23
2.32
4.35

38.28
32.94
35.06

4.48
2.97
4.47

34.93
31.33
33.13

0.63
2.06
2.37

RD-D Male
Female
Total

3.26
2.92
3.06

0.50
0.47
.50

3.42
3.17
3.27

0.82
0.56
0.69

3.30
2.96
3.13

0.23
0.50
0.41

RP-W Male
Female
Total

3.18
2.47
2.76

0.61
0.34
.58

3.63
2.92
3.20

0.78
0.53
0.72

3.43
2.83
3.13

0.91
0.36
0.73

LD-D Male
Female
Total

3.82
2.51
3.05

0.91
0.34
0.91

3.24
3.36
3.31

0.80
0.64
0.71

3.03
3.46
3.25

0.59
1.03
0.83

LP-W Male
Female
Total

3.48
2.65
3.00

0.29
0.13
.46

3.57
2.93
3.18

0.79
0.51
0.71

2.36
3.7
3.05

0.49
0.22
0.80

Stature Male
Female
Total

82.38
72.78
76.78

6.32
8.99
9.20

88.10
77.77
81.86

7.49
6.21
8.41

81.50
75.90
78.70

2.72
3.74
4.27

SD — standard deviation; Hyd-W — hyoid width; B-L — body length; Hyd-L — hyoid length; RD-D — diameter of the right distal end; RP-W — width of the right proximal end;  
LD-D — diameter of the left distal end; LP-W — width of the left proximal end

Table 4. Sexual dimorphisms in the population

Un-fused hyoids Partially fused hyoids Fused hyoids

MD  
[mm]

t-value DF p-value MD  
[mm]

t-value DF p-value MD  
[mm]

t-value DF p-value

Hyd-W 7.13 3.82 22 0.001* 1.93 1.78 94 0.078 1.80 1.72 10 0.115

B-L 5.10 6.60 22 < 0.001* 3.37 7.94 94 < 0.001* 0.53 0.46 10 0.649

Hyd-L 7.40 7.81 22 < 0.001* 5.33 7.01 94 < 0.001* 3.60 4.08 10 0.002*

RD-D 0.33 1.64 22 0.114 0.25 1.78 94 0.078 0.33 1.45 10 0.176

RP-W 0.70 3.61 22 0.002* 0.71 5.29 94 < 0.001* 0.60 1.49 10 0.167

LD-D 1.30 4.90 22 < 0.001* –0.12 –0.82 94 0.410 -0.43 –0.89 10 0.394

LP-W 0.82 9.27 22 < 0.001* 0.64 4.80 94 < 0.001* –1.36 –6.18 10 < 0.001*

Stature 9.59 2.89 22 0.008* 10.32 7.33 94 < 0 .001* 5.60 2.96 10 0.014*

*Statistical significance level is p < 0.05; MD — mean difference; DF — degrees of freedom; Hyd-W — hyoid width; B-L — body length; Hyd-L — hyoid length; RD-D — diameter of the 
right distal end; RP-W — width of the right proximal end; LD-D — diameter of the left distal end; LP-W — width of the left proximal end

consistent with the results of this study. Consistent 
with the results of previous studies [5, 14, 19, 21, 23], 
the mean values of all measurements of hyoid bone 
in all fusion types except LD-D were higher in males 

than females. Similarly, Logar et al. [14] reported that 
there was no significant difference between the sexes 
on the average of the maximum height of the upper 
end of the both left and right cornua.
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All measurements except RD-D of unfused hyoid 
bone measurements showed sexual dimorphism in 
present study. B-L, Hyd-L, RP-W, LP-W and stature 
measurements of partially fused hyoid bone and Hyd-L, 
LP-W and stature measurements of fused hyoid bone 
showed sexual dimorphism. Although Reesink et al. [17]  
did not find any significant sex difference in the 
length of the cornu major, in our study Hyd-W of 
unfused hyoid bone measurements showed sexual 
dimorphism consisted with D’Anastasio et al. [2]  
and Shimizu et al. [18]. In the studies of Leksan et 
al. [13] and Shimizu et al. [18] B-L in males was 
significantly longer than that in females in all age 
groups which is concordant with our unfused and 
partially fused hyoid bone measurements. This means 
that discriminant function equations obtained from 
parameters showing sexual dimorphism can be used 
for sex determination. 

In this study, B-L and Hyd-L showed a high pre-
diction rate. Similarly, in the study of Torimitsu et al. 
[21] and Urbanová et al. [23], Hyd-L and B-L showed 

the highest level of sexual dimorphism. In addition, 
Pollard et al. [16] and Mukhopadhyay [15] previously 
reported that the female hyoid bones were generally 
large; therefore, the total anteroposterior length was 
reported to be more useful in predicting sex than 
Hyd-W. In this study, B-L achieved a successful sexual 
prediction rate of > 80%. Considering these results, 
it can be said that sex can be predicted even when 
there is no bone other than hyoid bone.

With the introduction of CBCT in dentistry, there 
has been an improvement in the ability to analyse 
bone structures in three-dimensional imaging [3]. 
Multiplanar images obtained from all planes were 
used to evaluate bone morphology. One-to-one meas-
urements of bone structures can be made on sections 
formed in desired thickness and desired plane. Today, 
CBCT is an easily accessible and easily acquired imag-
ing system with a relatively low radiation dose. It can 
be obtained from individuals so that measurements in 
the images can be used to estimate age and gender 
in forensic cases [4].

Table 5. Male and female and fusion types with regard to age groups

Age groups Sex Fusion types P-value

1 (non-fusion) 2 (partial fusion) 3 (fusion)

< 20 years Male
Female
Total

24 (85.0%)
22 (55.0%)
59 (71%)

6 (15.0%)
14 (35.0%)
20 (25.0%)

–
4 (10.0%)
4 (5.0%)

0.150

Young adult (20–30 years) Male
Female
Total

24 (75%)
48 (92.4%)
72 (85.7%)

2 (6.2%)
2 (3.8%)
4 (4.8%)

6 (18.8%)
2 (3.8%)
8 (9.5%)

0.025*

Adult (31–55 years) Male
Female
Total

26 (72.2%)
58 (90.6%)
84 (84.0%)

4 (11.1%)
–

4 (4.0%)

6 (16.7%)
6 (9.4%)

12 (12.0%)

0.068

*Statistical significance level is p < 0.05

Table 6. Discriminant functions for all hyoid bones in the population

Group centroid Sectioning 
point

Wilks’  
lambda

 Eigenvalue Canonical  
correlation

Correct prediction rates (%)

Male Female Male Female Overall

Hyd-W 0.342 –0.237 0.052 0.924 0.082 0.275 29.6 84.6 57.1

B-L 0.871 –0.603 0.134 0.652 0.533 0.590 70.4 92.3 81.35

Hyd-L 0.933 –0.646 0.143 0.620 0.612 0.616 59.3 87.2 73.25

RD-D 0.252 –0.174 0.036 0.957 0.045 0.207 22.2 89.7 55.95

RP-W 0.643 –0.445 0.099 0.775 0.291 0.475 51.9 87.2 69.55

LP-W 0.441 –0.305 0.068 0.880 0.136 0.347 40.7 79.5 60.1

Stature 0.800 –0.554 0.123 0.690 0.450 0.557 70.4 82.1 76.25

Since the left distal diameter is not statistically significant, it is not included in the model. Hyd-W — hyoid width; B-L — body length; Hyd-L — hyoid length; RD-D — diameter of the right 
distal end; RP-W — width of the right proximal end; LP-W — width of the left proximal end
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CONCLUSIONS
In this study, hyoid bone showed important mor-

phologic changes and differences according to age 
and sex which can be useful in forensic science for age 
and sex estimation with high predictive rates. Imag-
ing hyoid bone with CBCT is simple, easily applicable 
and very reproducible methodology. So, in forensic 
medicine, accurate measurements and evaluation can 
be performed by CBCT in living individuals with lower 
radiation dose. To support the results of the study, 
new studies are needed in which the distribution of 
sex is equal and the age groups are similar and with 
volume measurements.
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The influence of the morphometric parameters  
of the intercondylar notch on occurrence  
of meniscofemoral ligaments
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Background: The purpose of this study was to examine the existence of corre-
lation between the morphometric parameters of the intercondylar notch of the 
femur and the occurrence of meniscofemoral ligaments (MFLs) and if there is any 
relationship in the running angle (RA) value between narrowed and normal sized 
intercondylar notch. 
Materials and methods: Coronal, sagittal and horizontal magnetic resonance 
(MR) images of 90 patients with specified exclusion criteria were included in this 
study. The c2 test was used for statistical analysis. In our research either one or 
both MFLs were identified in 70 (77.8%) of the 90 coronal MR images. In normal 
sized intercondylar notch, MFLs was seen in 39 (43.3%) cases and on 31 (34.4%) 
MR images with narrowed intercondylar notch. 
Results: A significant correlation was established between the occurrence of 
the MFL and morphometric parameters of the intercondylar notch (p < 0.05). In 
normal sized intercondylar notch, 12 posterior meniscofemoral ligaments (pMFLs) 
of type I were detected (RA value 42°), 8 of type II (RA value 33°), 5 of type III (RA 
value 23°) and two were of indeterminate type, whilst 10 anterior meniscofem-
oral ligaments (aMFLs) were of type I (RA value 39°), 7 of type II (RA value 31°),  
2 of type III (RA value 25°) and the remaining 6 were indeterminate. In narrowed 
intercondylar notch, 10 ligaments of pMFLs were of type I (RA value 30°), 8 of 
type II (RA value 25°), 5 of type III (RA value 20°), 10 ligaments of aMFLs were of 
type I (RA value 35°) and 9 were indeterminate. Statistically significant differences 
in the value of the running angle of pMFL type I and of type II were evaluated 
between two groups with different shaped intercondylar notch (p < 0.05). 
Conclusions: The results shown in our study may be useful in medical clinical 
practice, reconstructive surgery, interpretation of knee MR images as well as 
genetic research. (Folia Morphol 2022; 81, 1: 190–195)

Key words: intercondylar notch, meniscofemoral ligament, knee and 
magnetic resonance
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INTRODUCTION
The intercondylar notch (IN) is located on the 

posterior side of the distal part of the femur between 
the lateral and medial condyle. The roof of the notch 
is built by the distal extremity of the femur while its 
distal and posterior borders are marked by distal 
surface of condyles [20]. Anderson et al. [4] found 
that the females have a smaller IN dimensions com-
pared to males but they found no difference in shape 
of the notch. Based on morphometric parameters 
of IN, Hutchinson et al. [14] defined two types of 
IN, U-shaped and A-shaped notch, while Tanzer and  
Lenczner [21] considered narrowed IN, as A-shaped 
and IN with normal with as U-shaped notch. 

The variation in morphology of the femur is as-
sociated with increased risk for ligament injury. Of 
the ligaments in the knee joint, the anterior cruciate 
ligament (ACL) is the most commonly injured [19, 20, 
25]. Intercondylar notch dimensions are considered as 
a significant predictive risk factor for ACL injury [5].  
The meniscofemoral ligaments (MFLs) connect the 
posterior horn of the lateral meniscus to the intercon-
dylar aspect of the medial femoral condyle, or to the 
posterior cruciate ligament [23]. There are two types 
of MFLs, depending on their position in relation to the 
posterior cruciate ligament (PCL). According to Amis 
et al. [1] the ligament of Humphry (anterior menis-
cofemoral ligament [aMFL]) passes anterior to the PCL 
and attaches distally, close to the articular cartilage. 
The ligament of Wrisberg (posterior meniscofemoral 
ligament [pMFL]) passes posterior to the PCL and 
attaches proximally, close to the roof of the IN [1, 2]. 
The aMFL is tense in knee flexion, while the pMFL is 
tense in knee extension. [9]. One MFL is present in 
93% of specimens, whilst both ligaments co-exist 
more frequently in younger specimens [10, 11, 24]. 
According to earlier anatomical studies their incidence 
may range from 35% to 76% [12]. The attachments 
of those two ligaments are separated, which supports 
the theory that those are two separate structures and 
not, as was previously thought, two branches of the 
same ligament [15]. The other study suggests that 
they may degenerate with age [18]. It has previously 
been demonstrated that additional resection of the 
MFL further destabilised the knee joint, as well as sig-
nificantly increased anterior tibial translation [8, 17].

In literature data, depending on the location of 
the attachment, there are three types of MFLs: 1) the 
ligament of type I, inserted into the medial femoral 
condyle and separated from the PCL; 2) the ligament 

of type II, attached to the proximal portion of the 
PCL; 3) the ligament of type III, attached to the distal 
portion of the PCL [7]. Cho et al. [7] defined the run-
ning angle of the MFL as the angle between the line 
connecting the distal surfaces of medial and lateral 
femoral condyles and the long axis of the MFL. The 
relationship between morphometric parameters of 
the IN and the running angle value was reported [7].  
However, the influence of the morphometric param-
eters of the IN on the value of the running angle is 
poorly described in literature. On the other hand, this 
information could be relevant in predicting the risk 
of MFLs rupture and their degeneration. 

The aim of this study was to determinate occur-
rence of MFLs depending on the IN morphometry, to 
examine incidence of single and both MFLs as well the 
absence of MFLs, to evaluate statistically significant 
difference between the different type of IN and finally 
to determinate influence of its morphology on the 
value of the running angle. 

MATERIALS AND METHODS
The study included magnetic resonance (MR) im-

ages of 90 patients (48 males and 42 females), aged 
from 20 to 60 (44.68 ± 10.52) receiving a 1.5-T knee 
scan at our radiologic institute after the approval 
from ethics committee, which were taken in the pe-
riod from 2010 to 2017. All MR examinations were 
performed on 1.5-T MR unit (Siemens Area AG, model 
syngo MR E11, with NUMARIS/4 software, Siemens 
software packages). The knee was placed in neutral 
position in an extremity coil. Coronal images were 
obtained using conventional spin-echo techniques 
(time to echo: 8.7 ms, repetition time: 3080 ms, field 
of view: 190 × 190 mm, section thickness: 3.5 mm,  
with 1 mm gap, voxel size: 0.6 × 0.6 × 3.5 mm).  
Additionally, for the measurements, we used ImageJ 
1.50 g software (National Institutes of Health, USA). 
The following exclusion criteria were defined:

—— inadequate quality of the images;
—— fracture or dysplasia of the distal femur;
—— previous arthroscopy or open surgery;
—— osteoarthritic changes of the IN;
—— varus or valgus deformity of the knee.
The following parameters on horizontal images 

(Fig. 1) were measured: the width of the lateral and 
medial femoral condyle, the notch width (NW), the 
total width of the distal femur. The cross section (a) 
on which measurements were conducted was deter-
mined on sagittal MR images, based on the vertical 
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line (h) which passes through the most posterior 
point of the lateral and medial condyle (Fig. 2). At 
this level, on axial images, the measurements were 
done on the line which passes through the popliteal 
groove. The width of the medial femoral condyle (b)  
and the width of the lateral femoral condyle (c) were 
measured as the distance between the external and 

internal margins of each condyle and the NW was 
measured as the distance between the inner most 
margins of femoral condyles (a). Also, the notch 
height (ICH) was measured on the line perpendicular 
to the line constructed through the most posterior 
point of the lateral and medial condyle of the femur, 
as a distance between the apex of the IN and the 
intersection of above mentioned lines (h) (Fig. 1).

The notch width index (NWI) — the ratio between 
the NW and the total width of the distal femur, was 
calculated. The values of the NWI of 0.270 or more 
were considered as normal, while values of 0.269 
or less were considered as below normal [3]. Notch 
shape index (NSI) was defined as the ratio between 
the NW and the ICH. The values of the NSI of 0.532 
or less indicate on stenosed type of the IN [22]. We 
measured the running angle of the MFL as the angle 
between the line connecting the distal surfaces of 
medial and lateral femoral condyles and the long 
axis of the MFL on coronal images, using in literature 
described method (Fig. 3) [7]. Authors have noted 
no significant difference in the value of the running 
angle between the ligament of Humphery and the 
ligament of Wrisberg [7], so we used these criteria 
for both ligaments. 

All measurements were done by two independent 
investigators. No significant difference was found in 
comparison of their measurements. In order to avoid 
bias, the measurements were repeated by both exam-
iners after 3 weeks on the same, randomly selected 
50 MR images. The results were compared by Cohen 
kappa coefficient, with kappa values over the 0.8 for 
all measurement, which suggest very good intra- and 
interobserver agreement.

Statistical analysis

The statistical differences between the pres-
ence and absence MFLs as well as prevalence of  
A- or U-shaped IN on MR images were evaluated by  
c2 tests. A p value of less than 0.05 was regarded as 
statistically significant.

For every metric variable the mean, standard de-
viation and range were displayed. The normal dis-
tribution was tested with the Kolmogorov-Smirnov 
test, as well as visually through a Gaussian distribu-
tion curve over the histogram of the respective data. 
The homogeneity of variances was ensured through  
a non-significant Levene’s test. For normally distribut-
ed, metric variables, differences between the groups 
were tested for significance with Student’s t-test. In 

Figure 1. Intercondylar notch — A-shaped. The notch width (a), 
width of the medial femoral condyle (b), width of the lateral femoral 
condyle (c) and the notch height (h — white line with arrow on 
both ends) on axial magnetic resonance image in a 30-year-old man.

Figure 2. Cross section (a) passes through the most posterior point 
of the lateral and medial condyle (h — vertical line) on sagittal 
magnetic resonance image.
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the case of non-normally distributed, metric variables, 
the Mann-Whitney U-test was used instead.

RESULTS 
According to NWI and NSI criteria we found 

U-shaped IN in 46 (51.2%) analysed coronal MR images 
and A-shaped IN in 44 (48.8%) (Table 1). There was no 
significant difference in incidence between the groups 
(p > 0.05). The MFLs was identified in 70 (77.8%) of the 
90 coronal MR images scans. In group with U-shaped 
IN, MFLs was observed in 39 (43.3%) cases and in 31 
(34.4%) cases in the group with A-shaped IN. There was 
a significant difference in MFLs occurrence between the 
groups with A- and U-shaped IN (p < 0.05). 

U-shaped. The pMFL was seen alone in 30.4% 
(14) of cases, while aMFL was observed alone in 
26.1% (12). Both ligaments were visible in 28.3% (13) 
while neither was found in 15.2% (7) cases. Among 
the pMFL, 12 ligaments were of type I (average run-
ning angle [RA] value 42°), 8 of type II (average RA 
value 33°), 5 of type III (average RA value 23°) and 2 
were classified as indeterminate type, whilst 10 liga-
ments of aMFL were of type I (average RA value 39°),  
7 of type II (average RA value 31°), 2 of type III  
(average RA value 25°) and the remaining 6 were 
indeterminate. Statistically significant difference in 
the value of the RA was observed between the types  

(p < 0.05). No significant differences in the value of the 
RA between the pMFL and aMFL were noted (p > 0.05).

A-shaped. In A-shaped IN single pMFL was detected 
in 27.3% (12) of cases and the single aMFL ligament 
was observed in 18.2% (8). Both ligaments were found 
in 25% (11) while neither was found in 29.5% (13). Sta-
tistically significant difference in the MFLs not detected 
group was observed between the A and U form of IN 
(p < 0.05). Among the pMFLs, 10 ligaments were of 
type I (average RA value 30°), 8 of type II (average RA 
value 25°), 5 of type III (average RA value 20°), while 
10 ligaments of aMFLs were of type I (average RA value 
35°) and 9 were indeterminate. Statistically significant 
differences in the value of the running angle were noted 
between the type I and type II (p < 0.05). 

Table 1. Mean magnetic resonance images measurements of 
the distal femur

Intercondylar notch

U-shaped  
(n = 46)

A-shaped  
(n = 44)

Intercondylar notch width [mm] 21.23 ± 2.28 19.98 ± 1.75

Intercondylar notch height [mm] 36.77 ± 1.67 37.95 ± 1.43

Total width of distal femur [mm] 76.27 ± 7.10 76.45 ± 6.23

Notch shape index 0.577 ± 0.021 0.526 ± 0.018

Notch width index 0.278 ± 0.023 0.261 ± 0.012

Figure 3. A. Coronal magnetic resonance image shows the meniscofemoral ligament (arrow); B. The running angle of the meniscofemoral 
ligament as the angle between the distal surfaces of medial and lateral condyles and long axis of the meniscofemoral ligament on coronal 
magnetic resonance images.



194

Folia Morphol., 2022, Vol. 81, No. 1

Statistically significant differences in the value of 
the running angle of pMFL type I, between U- and 
A-shaped IN was observed (p < 0.05, Table 2).

DISCUSSION
Earlier studies of the MFLs pointed different in-

cidence of the aMFL and pMFL. The differences can 
be also found between the MR images and cadaveric 
studies. Herzog et al. [13] found that the MR images 
measurements were the closest to directly measured 
in the cadaver. Gupte et al. [10] conducted MR images 
study in which 93% specimens contained at least one 
MFL. The aMFL was present in 74%, and the pMFL in 
69%. Both ligaments were present in 50%. Bintoudi 
et al. [6] found the MFLs in 37% of cases, while in 
7.6% of cases MFLs were absent. In MR images study 
performed by Cho et al. [7] the pMFL was identified 
in 90% of cases and aMFL was observed in 17%. 
Both ligaments were visible in 15% cases and neither 
was seen in 7.5%. Kusayama et al. [16] showed the 
MFL with incidences of 100% and that 46% of the 
specimens had both MFLs, 23% had only aMFL and 
the remaining 31% had a pMFL. Röhrich et al. [18] 
reported that the MFL exists in incidences of 94%, 
aMFL in incidences of 71% as was the incidence of 
pMFL (71%) and both MFLs was seen in 47% cases. 
The incidence of pMFL was higher than incidence 
of aMFL in most MR images studies. In anatomical 
studies in the literature, incidences range from 35% 
to 76% for the presence of at least one MFL [12].

In accordance with other authors, we found MFLs in 
70 coronal MR images (77.8%), only aMFL was observed 
in 20.3% of cases, pMFL in 37.14%, both ligaments 
were present in 34.2% while in 20.3% MFLs was ab-
sent. The results presented in this paper are totally in 

agreement to the findings of the most studies. However, 
the authors showed incidence of MFL independent 
of IN morphology. In our MR images study, we creat-
ed two IN groups, according to NWI and NSI criteria,  
U- and A-shaped notch group. In group with U-shaped 
IN, we observed at least one MFL with incidence of 
84%, while in A-shaped IN group incidence was 70.4%. 
Occurrence of MFLs obtained in our study is lower in 
narrowed notch compared with normal sized notch. 
This probably demonstrates that anatomical changes 
in this region could have an influence on development 
and anatomical characteristic of these ligaments. Be-
cause of the limitation of the resolution of MR imaging, 
15 of the 44 aMFLs, and 2 of the 50 pMFLs did not 
present details at MR imaging. Similar misreading was 
noted in literature data [7]. The report of Cho et al. [7]  
showed that the average running angle was 35° in the 
type I, 30° in the type II and 27° in the type III. In our 
study, the average running angle was a little higher in 
the normal sized IN. The lower value of the running 
angle in A-shaped IN may be explained by descending 
medial IN wall, combined with lower ligaments at-
tachment [25]. Statistically significant difference was 
found in the value of the running angle of pMFL type I, 
between U- and A-shaped IN. The running angle modi-
fication may be associated with narrowing of the IN, so 
further studies are needed to investigate this correlation.

CONCLUSIONS
After conducting the research, we found signif-

icant correlation between the IN morphometry and 
presence or absence of the MFLs as well as the run-
ning angle value. The data obtained in our study may 
be useful in medical clinical practice (reconstructive 
surgery), interpretation of knee MR images or genetic 

Table 2. Incidence of the meniscofemoral ligaments (MFLs) and the values of its running angle (RA) in U-shaped and A-shaped  
intercondylar notch (IN)

Ligament (n) U (n) A (n) U-shaped IN A-shaped IN P

MFL type (n) RA value (°) MFL type (n) RA value (°)

Posterior MFL (50) 27 23 Type I (12) 42 ± 3.9 Type I (10) 30° ± 2.6 p < 0.05*

Type II (8) 33 ± 2.3 Type II (8) 25° ± 2.2 p < 0.05*

Type III (5) 23 ± 2.5 Type III (5) 20° ± 1.6 p > 0.05

ID type (2) – ID type (/) –

Anterior MFL (44) 25 19 Type I (10) 39 ± 2.7 Type I (10) 35° ± 2.5 p > 0.05

Type II (7) 31 ± 2.5 Type II (/) –

Type III (2) 25 ± 1.2 Type III (/) –

ID type (6) – ID type (9) –

*Statistically significant difference; U — normal sized intercondylar notch; A — narrowed intercondylar notch; ID — indeterminate type of MFL
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research. Our results suggest that it is possible to 
determine which patient have narrower IN based on 
the running angle value. Further study is needed to 
determine if a correlation exists between morphom-
etry of IN and the value of the running angle.
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Background: Ponticlus posticus (PP) as a one of the cervical vertebra variations 
brings about symptoms similar to Eagle syndrome. This study aimed to determine 
the relationship between elongated styloid process (ESP) and PP in a group of 
Iranian patients using cone-beam computed tomography (CBCT) images.
Materials and methods: The CBCT images of 349 patients (118 males and 231 
females; mean age: 32.53 ± 14.143) were involved in this study. The atlas vertebra 
was investigated for the presence and classification of PP (partial or complete) 
in sagittal views. Also, the styloid process was evaluated for the presence of ESP 
in reconstructed panoramic and three-dimensional images. Data were analysed 
using Mann-Whitney test, Fisher’s exact test, and Chi-square test to assess the 
relationship between the presence of PP and ESP with regard to age and gender.
Results: Ponticulus posticus was observed in 24.5% of patients with ESP and 
31.98% of patients without ESP. There was no significant relationship between 
the presence of PP and ESP (p = 0.198). Twenty-five patients with ESP showed 
PP; cases of ESP with either side and opposite side PP were 7.84% and 1.96%, 
respectively. Cases of bilateral ESP and PP were predominant (14.70%). The mean 
age of patients with bilateral ESP and PP was higher than others. There was no 
significant difference between males and females (p = 0.456). 
Conclusions: Considering the prevalence and characteristics of PP in the case and 
control groups, there was no significant relationship between PP and ESP. (Folia 
Morphol 2022; 81, 1: 196–202)

Key words: elongated styloid process, ponticulus posticus, cone-beam 
computed tomography

INTRODUCTION
The styloid process is a cylindrical projection from 

the inferior part of the petrous temporal bone, with 
an average length of 20–30 mm. If ossification of 
the stylohyoid ligament exceeds 30 mm in length, 
it is considered to be elongated. The incidence of 
elongated styloid process (ESP) is controversial. Pre-

vious studies have reported incidence rates of 0.09% 
to 54% in different populations [7, 14, 15, 17, 19]. 
Eagle syndrome is significant clinical condition due 
to ESP. It is associated with several complications, 
such as, dysphagia, recurrent throat pain, foreign 
body sensation, otalgia, tinnitus, globus sensation, 
cervical pain, headache, pain on neck rotation, dizzi-
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ness, cerebral ischaemia, and vertigo [7, 11, 20]. Cli-
nicians are conscious about this medical disorder [1].  
On the other hand, one of the cervical vertebra vari-
ations brings about similar symptoms like Eagle syn-
drome [3, 12]. 

The first cervical vertebra of the spine, known as 
the atlas vertebra, is composed of an anterior and  
a posterior arch. The posterior arch contains a groove 
on its superior surface for the vertebral artery and con-
sists of two lateral masses. This cervical vertebra has 
several variations, including ponticulus posticus (PP). 
PP is an osseous anomaly of the atlas vertebra, man-
ifesting as a partial or complete calcified bridge. It is 
located between the lateral masses and over the verte-
bral groove of the posterior arch of the atlas (Fig. 1) [2].  
Exact aetiology of PP is unknown; however, it may be 
congenital or age-related as a result of degeneration 
associated with aging [16].

Ponticulus posticus, with a prevalence rate of 
1–46%, is not a rare anomaly. In Western countries, 
its prevalence ranges from 5.1% to 37.8% [8, 12, 16, 
21, 24]. In the Iranian population, the frequency of PP 
has been estimated at 20.6% [10]. PP may be associ-
ated with conditions, such as migraine without aura, 
headache, cervical pain, diplopia, neck pain, shoulder 

pain, hearing loss, vertebrobasilar insufficiency, visual 
disorders, speech and swallowing problems, and ver-
tigo [3–6, 8, 9, 16, 21, 24]. 

Some of these complications are common between 
PP and ESP, such as headache, cervical pain, speech and 
swallowing problems, and vertigo [4, 5, 23]. Consider-
ing common symptoms, more investigation about any 
possible relation between ESP and PP can be beneficial.

A previous study established a significant rela-
tionship between the presence of PP and ESP and, PP 
was found in 21.6% of patients [22]. This study only 
evaluated the frequency of PP in patients with ESP 
and did not consider patients without ESP. However, 
there is little evidence to confirm this relationship. 
Therefore, the present study aimed to evaluate the re-
lationship between ESP and the presence of PP using 
cone-beam computed tomography (CBCT) images in 
the case and control groups as well as to assess the 
effects of gender and age on PP and ESP occurrence.

MATERIALS AND METHODS
This retrospective study surveyed the CBCT images 

of patients from the archives of the Dental School of 
Shiraz University of Medical Sciences, Shiraz, Iran. 
The patients were referred to the Dental School Clinic 

Figure 1. Three-dimensional images show ponticulus posticus on extracted atlas vertebra, with one side complete and the other side partial; 
A. Left-side view; B. Right-side view; C. Rear view.

A B

C



198

Folia Morphol., 2022, Vol. 81, No. 1

between April 2017 and December 2019 because of 
different dentofacial problems. Informed contest was 
taken from patients or their guardians before CBCT 
examination for probable use in future studies. This 
study was approved by the Ethics Committee of Shi-
raz University of Medical Sciences (#IR.SUMS.DENTAl.
REC.1399.058). On the other hand, images that could 
not clearly represent the first cervical vertebra or the 
apex of styloid process were excluded. Finally, 188 
out of 537 images were excluded. In the study group, 
the CBCT images of 349 patients (118 males and 231 
females) were inspected carefully for the presence of 
PP and ESP. 

The CBCT images were acquired using a CBCT 
system, equipped with a flat panel detector (New 
Tom VGi, QR srl, Italy). The following parameters were 
applied for acquiring the images: 110 kVp; total expo-
sure time of 1.8 s; and fields of view of 15 cm × 12 cm 
and 15 cm × 15 cm. Also, the electrical current (mA) 
was adjusted automatically for each patient. The sub-
jects were positioned with the Frankfurt plane parallel 
to the floor. The CBCT images were analysed in NNT 
version 8.0. For PP assessments, sagittal images were 
applied. The PP images were categorized as partial 
or complete, according to their completeness. In the 
complete type, there was a steady bridge between the 
lateral mass and the posterior arch, whereas the par-
tial type did not extend fully from the posterior lateral 
mass to the posterior tubercle (Fig. 2). Images with 
PP were also categorised as unilateral and bilateral.

To assess styloid process, reconstructed panoramic 
and three-dimensional images were examined. Styloid 

process length from where it leaves the tympanic 
plate of the temporal bone to tip of the process was 
measured. Styloid process longer than 30 mm was 
considered to be ESP (Fig. 3). Images with ESP were 
categorised as unilateral or bilateral. Age and sex were 
also determined in both groups. The ESP cases were 
categorised into four groups: group 1 — cases with 
ESP, but without PP; group 2 — cases with simulta-
neous ESP and PP on either side; group 3 — cases 
with bilateral ESP and PP concurrently; and group 4 
— cases with ESP and PP on the opposite sides. The 

Figure 3. A three-dimensional image of the elongated styloid  
process in cone-beam computed tomography image.

Figure 2. Sagittal cone-beam computed tomography views present; A. Without ponticulus posticus (PP); B. Partial PP; C. Complete PP.

A B C
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control group was also categorised into two groups: 
group 1 — no ESP and no PP; and group 2 — no ESP 
but with PP on either side or both sides.

Statistical analysis

Statistical analysis was performed in SPSS for Win-
dows version 23.0 (SPSS Inc., Chicago, IL, USA). Data 
were analysed using Mann-Whitney test, Fisher’s ex-
act test, and c2 test to assess the relationship between 
the presence of PP and ESP. The relationship between 
these variables was also assessed with respect to age 
and gender. The level of statistical significance was 
set at p < 0.05.

RESULTS
The study group consisted of 118 (33.81%) males 

and 231 (66.19%) females, with the mean age of 
32.53 ± 14.143 years (total age range: 3–81 years; 
age range of males: 5–70 years; and age range of 
females: 3–81 years). The mean age of patients with-
out ESP was 31.55 years (standard deviation [SD] = 
= 14.89), while the mean age of patients with ESP 
was 34.89 years (SD = 11.886).

Out of 349 patients, ESP was observed in 102 
(29.2%) patients, including 13 (12.75%) ESPs on the 
left side, 15 (14.70%) ESPs on the right side, and  
74 (72.55%) bilateral ESPs. There was no significant 
difference regarding the prevalence of ESP between 
males (31/118; 26.3%) and females (71/231; 30.7%)  
(p = 0.456). Bilateral ESP was detected in 51 (50%)  
female patients, while unilateral ESP was found in 
20 (19.61%) female patients. On the other hand, 

bilateral ESP was found in 23 (22.55%) male patients, 
and unilateral ESP was detected in 8 (7.84%) male 
patients (p = 0.667). 

As mentioned earlier, the case group was divided 
into four subgroups (Table 1). Group 1 included cases 
without PP (n = 77, 75.50%), with the mean age of 
34.57 years; this group comprised the majority of 
cases. Also, 25 patients with ESP showed PP. Cases 
of bilateral ESP and PP (group 3) were predominant. 
Group 2 and group 4 included cases of either side 
and opposite side ESP and PP (n = 10, 9.80%). The 
results showed that the number of female patients 
with PP was higher than males (17 vs. 8). The control 
group was also categorized into two groups (Table 2).  
The control group with PP (group 2) comprised 79 
(31.98%) patients, with the mean age of 33.82 years. 
The results showed that the number of female pa-
tients with PP was higher than males (55 vs. 24). 

There was no significant relationship between the 
presence of PP and ESP (p = 0.198). Table 3 presents 
the analysis of PP and ESP in patients regarding the 
mean age and gender. The mean age of the patients 
with ESP and PP was higher than that of the control 
group. Also, the highest mean age (40.25 ± 12.221 
years) was reported in cases of bilateral ESP and PP. 
Considering gender, there was no significant differ-
ence between males and females.

DISCUSSION
Ponticulus posticus is an important anomaly of 

the atlas vertebra [4, 6, 12]. It is associated with 
complications that have negative effects on the indi-

Table 2. Classification of the control group regarding elongated styloid process (ESP) and ponticulus posticus (PP)

Groups ESP and PP status N Total (%) Mean age Standard deviation

Female Male

1 No ESP and no PP 105 63 168 (68.02%) 30.52 15.907

2 No ESP with PP on either side (or bilaterally) 55 24 79 (31.98%) 33.82 12.738

Table 1. Classification of the case group regarding elongated styloid process (ESP) and ponticulus posticus (PP)

Groups Coexistence of ESP and PP N Total (%) Mean age Standard deviation

Female Male

1 ESP without PP 54 23 77 (75.50%) 34.57 11.684

2 ESP and PP on either side 5 3 8 (7.84%) 34.13 13.622

3 Bilateral ESP and PP 10 5 15 (14.70%) 40.25 12.221

4 ESP and PP on the opposite sides 2 0 2 (1.96%) 31.00 2.828
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vidual’s quality of life, such as migraine without aura, 
headache, cervical pain, neck pain, shoulder pain, 
vertebra-basilar insufficiency, visual disorders, and 
speech and swallowing problems [3, 4, 6, 8, 9, 12, 
16, 24]. The importance of PP is not only because of 
its clinical effects, but is also related to the insertion 
of lateral mass screws in this area that is a common 
treatment for atlas fixation in cases of atlantoaxial 
instability. If surgeons do not pay particular attention 
to the presence of PP, they may insert a screw into PP 
that may result in vertebral artery injuries, fractures, 
screw weakening, or even death [6, 24]. 

According to the literature, PP is a significant and 
common radiographic finding in the nevoid basal cell 
carcinoma syndrome [13]. Moreover, some studies 
have shown an association between PP and Bar-
ré-Lieou syndrome; however, there is little evidence 
to confirm this relationship [9]. Some complications, 
such as headache, cervical pain, speech disorders, and 
swallowing problems, are common between PP and 
ESP. However, only one previous study considered the 
presence of PP in patients with ESP [22]. In the pres-
ent study, CBCT images were analysed to determine 
the relationship between the presence of PP and ESP. 
Based on the results, the case group with ESP included 
77 (75.50%) patients without PP, 5 (4.90%) patients 
with PP on the left side, 3 (2.94%) patients with PP 
on the right side, 15 (14.70%) patients with bilateral 
ESP and PP, and 2 (1.96%) patients with opposite-side 
PP. Based on the results, the number of patients with 
bilateral ESP and PP was higher than that of patients 
with ESP and PP on one side. In the current study, in 
the control group (n = 247). 168 (68.02%) patients 
showed no PP, 11 (4.45%) patients showed PP on 
the left side, 8 (3.24%) patients showed PP on the 
right side, and 60 (24.29%) patients had bilateral PP. 
Overall, PP was not found in the majority of patients 
in the control group. 

There was no significant relationship between 
the presence of ESP and PP with regard to laterality 
(p = 0.198). 

The only 1 study investigated the relationship 
between PP and ESP and reported a significant as-
sociation between the presence of PP and ESP [22]. 
Unlike our study, Sekerci et al. [22] did not include  
a control group to evaluate the presence of PP in pa-
tients without ESP. The mean age of the case group in 
the present study and the study by Sekerci et al. [22] 
was almost similar. The present study showed that the 
majority of patients in the case group had bilateral 
ESP, which is consistent with the results reported by 
Sekerci et al. [22] However, the prevalence of PP in 
their study (39.3%) was higher than the present study 
(29.8%). It should be noted that the current research 
and the mentioned study used CBCT images for the 
evaluation of patients [22]. Therefore, the discrep-
ancy between the results can be related to different 
ethnicities of the study groups. 

Moreover, the incidence rate of ESP in the study 
by Sekerci et al. [22] was estimated at 21.5%, which 
is close to the present study (29.2%). Based on our 
results, although the number of female patients was 
higher than that of male patients in the groups, the 
relationship between gender and PP was not signif-
icant (p = 0.460). In line with the present findings, 
previous studies did not report a significant rela-
tionship between PP and gender [2, 10, 16, 18, 24], 
whereas Sekerci et al. [22] reported a higher number 
of male patients than females. 

In the current study, the mean age of the patients 
with ESP and PP was higher than that of the control 
group. But there was no significant difference be-
tween case and control groups. The highest mean 
age (40.25 ± 12.221 years) was reported in cases 
of bilateral ESP and PP. There was a significant cor-
relation between the grade of PP completeness and 
age; in other words, with increasing age, partial PP 
on the right side tended to become more complete. 
Some studies have shown that the prevalence of PP 
increases with age, while some studies found no 
significant relationship between PP and age [18, 21]. 
Therefore, further longitudinal research may better 

Table 3. Analysis of the prevalence of the elongated styloid process (ESP) and ponticulus posticus (PP) considering gender and age

ESP PP

Absent Present

Female Male Mean age Standard deviation Female Male Mean age Standard deviation

Absent 105 63 30.52 15.907 55 24 33.76 12.256

Present 54 23 34.57 11.684 17 8 35.88 12.686
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represent this relationship. Overall, the prevalence of 
PP alone (29.8%) is somehow similar to the prevalence 
of isolated ESP (29.2%). Although these structures 
were not rare in the study population, their coexist-
ence was not confirmed.

CONCLUSIONS
The prevalence and characteristics of PP and ESP 

were evaluated in an Iranian population to assess 
the relationship between the presence of PP and 
ESP using CBCT images. According to the results, no 
significant relationship was found between PP and 
ESP. The mean age of patients with bilateral ESP and 
PP was higher than others. Also, a higher prevalence 
of PP was reported among female patients in both 
case and control groups.

This study was a retrospective study that did not 
examine the patients, and there was no information 
about the patients’ symptoms. Therefore, it is rec-
ommended to investigate the clinical status of these 
patients in future studies. Also, further assessment 
of different racial and ethnic groups can provide us 
with more reliable results.
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Background: This study examined the root morphology of mandibular first molars 
(MFMs) with radix entomolaris (RE), which presents diagnostic and therapeutic 
challenges for clinicians. 
Materials and methods: A total of 17 three-rooted MFMs were taken from  
a collection of extracted teeth. Root lengths and levels of furcations were measured 
with a digital calliper. The pulp floor configuration, root canal systems, and RE canal 
curvatures were evaluated using the cone-beam computed tomography scans. 
Results: Radix entomolaris was either located disto-lingually, with its coronal 
portion fixed to the distal root (n = 16) or mid-lingually (n = 1). A literature 
search identified four additional cases of MFMs with RE located mid-lingually. In 
the present study, RE was significantly (p ≤ 0.001) shorter than the distal root 
(DR) and the mesial root, on average by 2.04 mm and 3.15 mm, respectively. 
The level of the distal furcation was significantly (p = 0.003) lower than that of 
the mesiodistal furcation, on average by 1.39 mm. The average divergence angle 
formed by the cervical portions of the RE and DR canals was 53.14°. All RE canals 
were severely curved (> 25°) in buccolingual direction. The RE orifice was located 
slightly disto-lingually to considerably mesio-lingually from the DR orifice. 
Conclusions: The traditional assumption of a disto-lingually located RE needs to 
be changed, even though this is the most prevalently found variant of this anat-
omy. The additional variant includes the presence of a mid-lingually located RE, 
which has implications for the endodontic access cavity design. (Folia Morphol 
2022; 81, 1: 203–211)

Key words: radix entomolaris, supernumerary root, dental morphology, 
dental anthropology, odontometrics

INTRODUCTION
The root complex of the mandibular first molar 

(MFM) possesses two roots: a mesial root (MR) and  
a distal root (DR). However, a third root may be pres-

ent on the lingual side of the tooth or very rarely 
on the buccal side of the tooth [30]; the former is 
named radix entomolaris (RE) and the latter radix 
paramolaris (RP). 

https://orcid.org/0000-0002-8502-2940
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The prevalence of RE shows a distinctive pattern 
of geographic variation [23]. Also, this root appears 
to be more frequent in individuals affected by Turner 
syndrome than in healthy individuals [17]. In North 
and East Asians and Eskimo-Aleuts, this trait reach-
es a prevalence of > 20%, which sets them apart 
from all other human populations. By contrast, it 
rarely occurs in Western Eurasian, Sub-Saharan Af-
rican, New Guinean, Melanesian, and Indian popu-
lations (< 5%). A recent radiographic study reported  
a prevalence of 2.36% (95% confidence interval 
[CI] 1.61–3.42%) for the Slovene population [27]. 
As such, RE is among the traits used for ancestry 
estimation in the context of forensic dental profiling. 
A recently developed web-based application rASU-
DAS estimates the ancestry of unknown individuals 
based on their suite of tooth crown and root traits, 
including RE [22]. In contrast, RP seems to be rare 
in all human populations [5]. 

Apart from their role in forensic anthropology, RE 
and RP represent a diagnostic and therapeutic chal-
lenge in clinical dentistry, particularly in oral surgery, 
endodontics and periodontology. First, these roots are 
prone to fracture during the extraction of the tooth. 
Second, they may be the cause of endodontic treat-
ment failure if not identified, properly instrumented 
and filled. Third, their presence may contribute to 
localised periodontal destruction, which is proba-
bly related to the increased complexity of furcation 
morphology [13]. As a result of all these factors, 
three-rooted MFMs are lost in significantly younger 
patients than their two-rooted counterparts [8].

Knowledge of the morphological characteristics 
of three-rooted MFMs is essential for improving the 
success rate of various treatments and reducing the 
frequency of procedural complications. In the pre-
vious decade, cone-beam computed tomography 
(CBCT), spiral computed tomography (SCT) and mi-
cro-computed tomography (micro-CT) have been 
used to analyse several morphometric aspects of 
such teeth, including pulp chamber geometry, root 
canal configuration, root canal curvature and odon-
tometric variables [9, 10, 16, 20, 25]. However, until 
now, few studies have addressed the morphology of 
three-rooted MFMs in European populations [4, 5, 16].  
Thus, this study aimed to analyse the morphomet-
ric aspects of the external and internal anatomy of 
three-rooted MFMs extracted from dental patients 
in Slovenia.

MATERIALS AND METHODS
Extracted teeth

The Faculty of Medicine of the University of 
Ljubljana houses a collection of extracted teeth do-
nated by Slovene dentists. The collection presently 
includes 17 three-rooted MFMs (11 right and 6 left). 
All of them have a lingually-located supernumer-
ary root (RE). The teeth and their supernumerary 
roots were identified by the present authors. For 
most teeth, there was no data on the patients’ 
gender, age, ethnic background, and the reasons 
for extractions.

Macroscopic analysis of the external  
dental morphology

The following observations and measurements 
were recorded:

—— Position of RE: the teeth were grouped into four 
types (A, B, C, AC) according to the classification 
described by Carlsen and Alexandersen [4]. Types 
A and B refer to an RE that is located directly 
lingually in relation to the DR, which consists of 
two components (divided by a longitudinal fur-
row) or a single component, respectively. Type C 
refers to an RE that is located directly lingually in 
relation to the MR, and the intermediate type AC 
to an RE that is located exactly midway between 
the MR and DR;

—— Curvature and relative length of RE: the teeth were 
grouped into five types (I, II, III, small type, and con-
ical type) according to the classifications described 
by Ribeiro and Consolaro [19] and Song et al. [24];

—— Level of root apex: distance from the apex to the 
cemento-enamel junction (CEJ) was measured 
along the tooth axis. Measurements were made 
for all three roots;

—— Level of root furcation: distance from the lowest 
level of furcation to the CEJ measured along the 
tooth axis. The furcation between the MR and DR 
(mesio-distal furcation) and the furcation between 
the RE and DR (distal furcation) were measured, 
respectively;

—— RE’s degree of separation (in relation to the DR) 
was determined according to Carlsen [3]: the fur-
co-apical extension of the DR was divided by its 
cervico-apical extension.
All measurements were made with a digital cal-

liper with a resolution of 0.01 mm (ABS Digimatic, 
Mitutoyo, Japan).
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CBCT analysis of the internal dental morphology

The CBCT images of the extracted teeth were taken 
with a Veraviewepocs 3D R100 device (Morita, Kyoto, 
Japan). The operating parameters were 8 mA, 90 kV, 
field of view 42.6 mm × 43.0 mm, slice thickness  
1.0 mm, and voxel size 0.125 mm3. The obtained im-
ages were analysed using i-Dixel One Volume Viewer 
2.0.0 software (Morita, Kyoto, Japan).

The following observations and measurements 
were recorded:

—— Configuration of the root canal system: the canal 
configuration in each root was determined and 
recorded by Vertucci’s method [29];

—— Divergence of the RE canal (in relation to the DR 
canal): the angle formed by lines running through 
the cervical portions of the RE and DR canals was 
measured (Fig. 1A);

—— Curvature of the RE canal: the root canal curvature 
was measured for a proximal view (PV) (Fig. 1A)  
and a clinical view (CV) (Fig. 1B) using the tech-
nique described by Schneider [21]. The RE ca-
nal curvature was classified as follows: straight  
(< 10°), moderate (10–25°), severe (> 25°);

—— Position of the RE canal orifice (in relation to the 
DR canal orifice): a line was drawn between the 
centres of the RE and DR canal orifices and the 
inter-orifice distance (d) was measured using the 
geometric measurement module of the software 
(Fig. 1C). The angle (e) formed by the lines con-

necting both mesial and both distal orifices was 
also measured (Fig. 1C). The position of the RE 
canal orifice was displayed in a coordinate system 
with the origin in the DR canal orifice and a hori-
zontal axis parallel with the line connecting both 
mesial orifices. The RE canal orifice coordinates 
were calculated from the measured parameters 
(x = d × cose, y = d × sine).

Data analysis

All measurements were made independently by 
both authors, and the average was used for data 
analysis. A t test was applied to examine any sta-
tistically significant difference between the lengths 
of both main roots and RE, between the levels of 
mesio-distal and distal furcations, and between the 
RE canal curvature in CV and PV. A p-value of < 0.05 
was considered significant.

Literature search

A literature search for articles on MFMs with RE 
published until August 2019 was conducted using  
a PubMed database search. The following keywords 
were used: ‘three-rooted mandibular first molar’, ‘ra-
dix entomolaris’, ‘disto-lingual root’, ‘additional distal 
root’, and ‘extra distal root’. Papers were retrieved and 
screened for three-dimensional (3D) pictures of MFMs 
with RE (photographs of extracted teeth and 3D recon-
structed CBCT, SCT and micro-CT images of teeth). Cases 

Figure 1. Cone-beam computed tomography images of the extracted mandibular first molar demonstrating measurements in a proximal view (A),  
clinical view (B), and on the pulp chamber floor (C); ϕ — angle of divergence of the radix entomolaris (RE) canal in relation to the distal root 
canal; apv — angle of curvature of the RE canal in proximal view; acv — angle of curvature of the RE canal in clinical view; d — distance 
between distal root canal orifices; e — angle formed by lines through both mesial and both distal root canal orifices; L — lingual; B — buccal; 
M — mesial; D — distal.

A CB
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of teeth depicted only two-dimensionally (periapical 
radiographs, CT slices) were excluded. Reference lists 
were checked to identify any other relevant articles. 

On the selected pictures, the following observa-
tions were recorded:

—— Position of RE: the teeth were grouped into four 
types (A, B, C, AC) according to the classification 
described by Carlsen and Alexandersen [4];

—— Relative length of RE: it was recorded whether RE 
was shorter or longer than half of the length of 
the associated DR;

—— RE’s separation: it was recorded whether RE was 
separate or non-separate in relation to the DR.
All pictures were independently evaluated by both 

authors. Disagreements were resolved by joint eval-
uation.

RESULTS
Macroscopic analysis of the external  
dental morphology

We were able to sort the examined teeth into 
types A (n = 16) and AC (n = 1) defined by Carlsen 
and Alexandersen [4]. In type A, the cervical part of 

the RE was fused with the DR, whereas in type AC 
the RE was located exactly midway between the MR 
and DR (Fig. 2). The only tooth with AC morphology 
was extracted from a 22-year-old female patient of 
Slovene origin after unsuccessful endodontic treat-
ment. It was undoubtedly an MFM, since all three 
mandibular molars were present in the tooth row 
before extraction.

Table 1 shows the distribution of teeth according to 
the curvature and relative length of the RE [7, 14, 24]. 
The average levels of the root apexes and root furca-
tions can be seen in Table 2. The RE was significantly 
(p = 0.001) shorter than the DR, with an average dif-
ference of 2.04 mm (range 0.07–3.50 mm). It was also 
significantly (p < 0.001) shorter than the MR, with an 
average difference of 3.15 mm (range 1.60–4.95 mm).  
The level of the distal furcation was significantly  
(p = 0.003) lower than that of the mesio-distal fur-
cation with an average difference of 1.39 mm (range 
0–6.22 mm). All three roots separated at the same level 
in 4 MFMs (3 of type A and 1 of type AC). In type A, 
RE’s degree of separation, in relation to the DR, varied 
from 0.30 to 0.85 with an average value of 0.64.

Figure 2. Right permanent mandibular first molars with type A morphology (upper row) and type AC morphology (lower row). Both speci-
mens are displayed from the lingual side (A), mesial side (B), apical side (C), occlusal side (D); M — mesial; D — distal; B — buccal;  
L — lingual; MLO — mesio-lingual canal orifice; MBO — mesio-buccal canal orifice; REO — radix entomolaris canal orifice; DO — distal  
root canal orifice. The red dotted line indicates the shape of the pulp floor.

A B

C D

C D

A B
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CBCT analysis of the internal dental morphology

The RE and DR of the examined MFMs exhibited 
Vertucci type I root canal system (only one DR with 
type III canal system was the exception). The MR 
showed a more variable canal configuration; how-
ever, the prevailing anatomy was type IV (10 cases), 
followed by type II (4 cases). The 3-2-1 canal system 
was observed in one case. The canal configuration 
in the remaining two MRs could not be determined.

Divergence of the RE canal, in relation to the DR 
canal varied from 30.90° to 75.58° with a mean value 
of 53.14°. All RE canals contained a primary curvature 
in the buccal direction; in one tooth, there was also  
a secondary apically-located curvature in the opposite, 
i.e. lingual, direction. In PV, all RE canals were classified 
as severely curved. In CV, however, only one severely 
curved RE canal was found. Statistical analysis showed 
that the average RE canal curvature was significantly 
(p < 0.001) greater in PV than in CV (Table 3).

The average inter-orifice distance from the RE canal 
to the DR canal was 3.59 mm (range 2.39–4.50 mm).  
The RE canal orifice was located disto-lingually to 
mesio-lingually from the DR canal orifice (Fig. 3). In 
the mesio-distal direction, its position varied from 
1.44 mm mesially (type AC morphology) to 0.61 mm 
distally from the DR canal orifice.

Table 2. Levels of root apexes and furcations from the cementoenamel junction

Structure Sample size Minimum [mm] Maximum [mm] Mean [mm] P

Mesial root 15 12.24 16.75 14.38 (14.09) < 0.001

Distal root 15 9.82 14.85 12.30 (13.64) 0.001

Radix entomolaris 12 8.60 12.87 11.10

Mesio-distal furcation 16 2.02 4.85 3.37 0.003

Distal furcation 16 2.60 9.59 4.77

Numbers in parentheses indicate average root lengths for two-rooted mandibular first molars extracted from dental patients in Slovenia [15].

Table 1. Curvature and relative length of the radix entomolaris, scored according to the classifications of Ribeiro and Consolaro (1997) 
and Song et al. (2010)

Reference Country Method N Conical type Small type Type I Type II Type III

Song et al. [24] Korea CBCT 358 5 (1.4%) 9 (2.5%) 29 (8.1%) 170 (47.5%) 145 (40.5%)

Kim et al. [14] Korea CBCT 507 – 8 (1.6%) 39 (7.7%) 141 (27.8%) 319 (62.9%)

De Moor et al. [7] Belgian ET, CE 18 – – 2 (11.1%) 5 (27.8%) 11 (61.1%)

Present study Slovenia ET 14 0 (0%) 0 (0%) 1 (7.1%) 3 (21.4%) 10 (71.4%)

N — number of three-rooted mandibular first molars; type I — straight and parallel to the distal root; type II — straight, but lingually tilted; type III — lingually tilted, and buccally curved; 
Small type — shorter than half the length of the distal root, Conical type — cone-shaped extension without root canal; CBCT — cone-beam computed tomography, ET — extracted teeth, 
CE — clinical evaluation during the endodontic treatment

Table 3. Curvature of the radix entomolaris root canals

View Sample  
size

Minimum  
[o]

Maximum  
[o]

Mean  
[o]

P

Proximal 8 30.71 69.61 48.48 < 0.001

Clinical 8 0.00 39.10 10.04

Figure 3. Position of the radix entomolaris canal orifice in relation 
to the distal root canal orifice. The centre of the distal root canal 
orifice represents the origin of the coordinate system (black circle). 
The horizontal coordinate axis runs parallel to the line connecting 
root canal orifices in the mesial root. All teeth are represented as 
they were from the right side.
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Literature search

The literature search identified 29 relevant papers 
with 3D pictures of 58 MFMs with RE (39 right and 19 
left). Type A morphology was identified in 54 MFMs; 
in three of them, RE was non-separate in relation to 
the DR [4, 18]. RE shorter than half of the length of 
the associated DR was observed in one tooth [14]. 
Type AC morphology was identified in four mandib-
ular first molars [25, 26, 28]; data on these teeth 
are summarised in Table 4. In three of them, RE was 
shorter than half of the length of the associated DR.

DISCUSSION
The material available for this study was small 

(17 MFMs with RE), which is a characteristic prob-
lem when studying relatively rare root traits in small 
ethnic areas, such as Slovenia. This is also due to the 
decreasing availability of extracted teeth for research 
purposes, which is associated with the decline in the 
prevalence of caries and advances in dental care in 
this country. Nevertheless, the teeth were well pre-
served, and it was possible to perform most of the 
observations and measurements. Moreover, in one 
MFM, the RE was located exactly midway between 
the MR and DR, corresponding to type AC as defined 
by Carlsen and Alexandersen [4]. A tooth with such 
morphology has not been found even in much larger 
collections of extracted teeth, e.g. in the Copenhagen 
and Amsterdam collections that together included  
87 MFMs with RE [4, 30].

Our finding challenges the widespread belief that 
RE in MFMs invariably appears disto-lingually, with 
its coronal portion fixed to the DR (type A variant) 
[1, 3, 4]. Various positional terms (disto-lingual root, 
supernumerary disto-lingual root, disto-lingual ex-
tra root, additional distal root and extra distal root) 
have almost completely replaced the more common 

term ‘RE’ in the recent dental and anthropological 
literature. According to the results of our literature 
search, only four MFMs with type AC morphology 
have been documented (Table 4). Surprisingly, none of 
the authors mentioned that this was an unusual root 
morphology of the MFM. In three of these teeth, RE 
was shorter than half of the length of the distal root. 
The ethnic origin of individuals with type AC MFMs 
was variable; however, the present study appears to 
provide the first description of such a tooth in an 
ethnic European individual. 

A small number of documented MFMs with type 
AC morphology probably reflects the rarity with which 
they occur. An additional reason might be that such 
teeth are discarded by oral surgeons, because it is 
even less possible to extract them in one piece than 
their more prevalent type A counterparts. In our case, 
the tooth was extracted in several fragments that 
were collected and later glued together and only 
then the unusual root morphology became apparent. 
Fortunately, the lingual side of the root trunk was not 
damaged during extraction, and it was possible to 
register the position of RE in the root complex with 
certainty. 

In our study, the RE was always longer than half 
the length of the DR (short and conical types absent) 
and most frequently (71.4% of the teeth) tilted lin-
gually and curved buccally (type III). A Belgian study 
of extracted and endodontically treated teeth [8] and  
a Korean CBCT-based study [15] yielded comparable re-
sults; however, another Korean CBCT-based study [26] 
reported similar frequencies of types II and III (Table 1). 

It is often claimed in the literature that the RE is 
shorter than the MR and DR; however, numerical data 
have been presented by only a few authors. In the 
examined MFMs, the RE was on average 2.04 mm  
shorter than the DR and 3.15 mm shorter than the 

Table 4. Summary of the mandibular first molars with mid-lingually located radix entomolaris (type AC morphology according to the 
classification of Carlsen and Alexandersen [4])

Tooth (FDI-notation) Age [years] Gender Country Ethnicity Method Relative 
length

Reference

46 NS Male Canada Inuit ET < 1/2 Tumer [28]

46 NS Male Canada Inuit ET < 1/2 Tumer [28]

46 NS NS Senegal Wolof ET < 1/2 Sperber and Moreau [26]

46 NS NS Brazil NS Micro-CT > 1/2 Souza-Flamini et al. [25]

46 22 Female Slovenia Caucasian ET > 1/2 Present study

NS — not specified; ET — extracted tooth; micro-CT — three dimensional model of the tooth, produced from micro-computed tomography scans. The relative length indicates whether 
radix entomolaris was shorter (< 1/2) or longer (> 1/2) than half of the length of the associated distal root
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MR. Both differences were statistically significant 
(p ≤ 0.001). Our results are in line with studies on 
three-rooted MFMs extracted from Taiwanese [6] 
and Chinese patients [10]. The former reported that 
the RE was significantly shorter than the DR with an 
average of 1.48 mm. In the later, RE was significantly 
shorter than both DR and MR with an average of 
0.88 mm and 1.54 mm, respectively. A CBCT study 
in Korea has shown that MFMs with RE shorter than 
half of the length of the associated DR represent 
around 4% of all cases [24]. Therefore, in MFMs, the 
RE mostly appears as a well-formed root approaching 
the length of both main roots. In the present study, 
the average lengths of the MR and DR were similar 
to those reported for two-rooted MFMs extracted 
from dental patients in Slovenia [15] (Table 2). These 
findings are of clinical significance when determining 
working lengths during the endodontic treatment. 

Knowledge of the distal furcation level plays  
a significant role when planning periodontal treat-
ment, especially because it is not possible to detect 
this furcation with conventional radiography. In four 
of the examined MFMs (3 type A and 1 type AC), RE 
separated from the root trunk at the same level as 
both main roots, forming a trifurcation. These teeth 
would be suitable for resection of RE in the case of 
furcation involvement, because a ‘normal’ two-rooted 
morphology could be established in this manner. In 
the remaining 13 MFMs, the RE separated from the 
DR apically from the mesio-distal furcation. Therefore, 
distal furcation would become periodontally involved 
later in the disease process when the amount of 
periodontal tissue support may not be sufficient to 
allow RE resection. The level of the distal furcation 
was significantly (p = 0.003) lower than that of the 
mesio-distal furcation, with an average of 1.39 mm. 
These results are concordant with those obtained in 
a Chinese study [10]. Moreover, the RE’s degree of 
separation, in relation to the DR, varied considerably 
(from 0.30 to 0.85). Our literature search indicates 
that, in extreme cases, a complete fusion (degree 
of separation 0) between the RE and DR may also 
occur [4, 18].

In Asian populations, the root canal anatomy of the 
MFMs with and without RE has been comparatively 
studied in vivo using CBCT [32], and in vitro using 
micro-CT [9] or the method of canal staining and root 
clearing [11, 12]. The MR predominantly contained 
type IV (29–94%) and type II (2–31%) canal configu-
rations in both, the two- and three-rooted molars. In 

contrast, the DR less frequently contained two canals in 
the three-rooted molars (5–14%) as in the two-rooted 
molars (28–36%). These results, together with those 
from our study, indicate that the occurrence of the RE 
is associated with a tendency for simplification of the 
canal system in the DR, but not in the MR.

In all examined MFMs, the RE canal was severely 
curved (> 25°) bucco-lingually, which is in accord-
ance with previous studies that established a severe 
bucco-lingual curvature of the RE canal in 90.5% to 
100% of the examined MFMs [6, 9, 20]. This pro-
nounced curvature of the RE canal has to be taken 
into consideration during root canal instrumenta-
tion, because it increases the risk of complications 
such as over-straightening with strip perforations 
or instrument fractures. Yu et al. [33] showed that  
a significantly greater incidence of instrument sepa-
ration, lateral perforation, and underfill was associ-
ated with the RE canal than with other root canals 
in MFMs. Also, our study showed that there was  
a considerable lingual inclination of the RE canal, 
ranging from 30.90° to 75.58°. Therefore, the endo-
dontic instruments have to be inserted into the RE 
canal from the buccal side. Worthy of note is that the 
two clinically relevant morphometrical characteristics 
of RE (buccolingual curvature and lingual inclination) 
cannot be visualised using conventional two-dimen-
sional radiography. 

Several authors measured the distance on the pulp 
floor between the orifices of the DR and RE canals. For 
teeth extracted from Chinese patients they reported 
the average inter-orifice distance of 2.93 mm [8], for 
those extracted from Korean patients of 3.77 mm 
[14], and for those extracted from Brazilian patients 
of 3.20 mm [25] and 3.93 mm [20]. A comparable 
average value of 3.59 mm was determined in the pres-
ent study. However, in the above-mentioned studies, 
the position of the RE canal orifice, in relation to the 
DR canal orifice, has not been investigated, although 
it has implications for the endodontic access cavity 
design. We were able to demonstrate the position-
al continuity between the RE canal orifices located 
slightly disto-lingually and those located considerably 
mesio-lingually from the canal in the DR. Based on 
literature review, Abella et al. [2] suggested that the 
disto-lingual corner of the access cavity should extend 
more lingually to facilitate the localisation and access 
to the RE canal. To this we can add that in MFMs with 
type AC morphology the extension should be directed 
mesio-lingually (as seen in Fig. 2).



210

Folia Morphol., 2022, Vol. 81, No. 1

The radiographic identification of a disto-lingually 
located RE (type A) may be a challenging task, because 
this root is mostly situated in the same bucco-lingual 
plane as the DR. Therefore, the additional 25° mesial 
radiograph is essential in such cases [31]. In MFMs 
with mid-lingually located RE (type AC), overlapping 
with the DR is less likely, which makes it easier to 
identify by using periapical radiography. The absence 
of overlapping between the RE and DR appears to 
be the only sign indicating type AC morphology on  
a straight periapical radiograph. CBCT overcomes 
these limitations and allows a reliable distinction 
between both morphological types of RE.

The absence of MFMs with RP in our material is not 
unexpected, given the rarity with which they occur. 
Such a tooth was not found among 1954 MFMs from 
the Amsterdam collection of extracted teeth [30], nor 
was it found on CBCT scans of 116 Brazilian dental pa-
tients [20]. However, one MFM with a separate RP and 
four MFMs with unseparated RP and MR were identified 
in the Copenhagen collection of extracted teeth [5].

CONCLUSIONS
Mid-lingual position of a RE is a rare but clinically 

significant anatomic variation of MFMs. This variation 
needs to be identified during endodontic treatment 
so that appropriate adjustments to the access open-
ing can be made, and thorough debridement of the 
additional root canal can be accomplished. From  
a periodontal viewpoint, such a tooth is suitable for 
resection of the RE in the case of furcation involve-
ment. This study disputes the previous assertion that 
an RE in MFMs always occurs on the lingual side of the 
main distal root. Replacement of the more inclusive 
term ‘RE’ with positional terms stating the distal po-
sition of the additional root (disto-lingual/additional 
distal/extra distal root) is hardly appropriate in light of 
the presented findings. Regardless of the RE position 
in the root complex, the clinician should anticipate 
that its root canal exhibits a lingual tilt and a severe 
curve toward the buccal, which cannot be detected 
readily on conventional radiographs.
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Background: The aim of the study was to analyse the morphology of the apical 
foramen in permanent maxillary and mandibular human teeth.
Materials and methods: The anatomic parameters include shapes (rounded, 
oval, uneven, flat and semilunar) and location (centre, buccal/labial, lingual/
palatal, mesial, and distal) of the apical foramina was evaluated. The shapes and 
locations of apical foramen were analysed based on tooth type (central incisor, 
lateral incisor, canine, premolars, and molars) arch type (maxillary and mandibu-
lar), and position (anterior and posterior). All the teeth were investigated for the 
apical foramina shape and location using a stereomicroscope at a magnification 
of 10×. Descriptive statistics performed using SPSS (Version 21.0, IBM, NY, USA) 
at p value less than 0.05. 
Results: The common shape of apical foramina was round (65%) and location was 
centre (32%). The frequency of deviation of apical was 68% in overall teeth. Apical 
foramina in maxillary anterior teeth showed more deviation while posterior teeth in 
mandibular teeth. The most common shape of apical foramina was round (65.1%) 
followed by (31%) and flat and semilunar shapes are very rare in studied subjects.
Conclusions: The most frequent direction of deviation is the distal surface, fol-
lowed by the mesial surface. The variation is more common in mandibular posterior 
teeth, while maxillary posteriors showed the least difference. The commonest 
shape of the apical foramen is of a round shape, followed by the oval. The oval 
shape of the apical foramen is most frequent with central incisors. (Folia Morphol 
2022; 81, 1: 212–219)

Key words: apical foramina, morphology, location, shape, root, 
stereomicroscope

INTRODUCTION
The success of the root canal treatment includes 

effective mechanical preparation as well as chemical 
cleansing of the pulp space and its complete filling 

with an inert substance. Root canal morphology of 
teeth specifically in the apical third is a judgmentally 
significant factor during the endodontic treatment. 
It is very essential to envision and to have a thorough 
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anatomic knowledge of the tooth before root canal 
treatment [1]. Cautious radiographic examination and 
evaluation of the tooth is mandatory and Arora and 
Tewari [3] reported that the angled radiographs could 
offer the inclusive evidence of root canal morphology. 
Moreover, the regular radiographs may not reveal 
the comprehensive anatomic picture of the tooth 
including root as they are two-dimensional images of 
a three-dimensional structure [13]. The majority of the 
clinicians used an apical constriction as an endpoint 
for biomechanical preparation of the endodontic 
therapy. Clinically it is very difficult to establish or lo-
cate the apical constriction and apical foramen; a few 
prior reported studies postulated that the radiograph-
ic apex is more dependable as an endpoint [12]. The 
radiographic apex is the tip of the root determined by 
radiographs; however, the tip of the root identified 
morphologically is considered as anatomical apex  
[3, 5, 7]. Dissimilarities in the location of the radio-
graphic apex in relation to the anatomic apex might be 
the result of various root morphology and radiographic 
distortion [14]. Prior studies have often established 
that the position of the apical foramen is not always 
located at the root apex or centre of the apex. If the 
apical foramen is found away from the centre it is 
considered as deviated and it could be distal, mesial, 
lingual/palatal, and labial/buccal. The occurrence of de-
viation of the apical foramen ranges between 46% and 
92% [6, 16]. It has been described and it is assumed 
that the apical foramina is round, although studies 
showed that shape can vary from round to oval [18] 
or other shapes such as uneven, semilunar, and flat. 
It has been reported that it is very imperative to be 
aware of the occurrence of apical foramina in various 
ethnic groups and its anatomical variations. Numerous 
studies had reported diverse tendencies in the loca-
tion and shapes of the apical foramina amongst the 
different ethnicities [2, 4, 8, 26]. The prior reported 
studies focused on either maxillary teeth or mandibular 
teeth and anterior and posterior teeth. The distribution 
of shapes and location of apical foramina based on 
tooth type was not clearly discussed in the published 
literature. Therefore, the present study was aimed to 
analyse the morphology of shapes and locations of the 
apical foramen in permanent maxillary and mandibular 
human teeth based on arch, position and tooth type.

MATERIALS AND METHODS
Extracted human teeth were used in the present 

in-vitro study. The teeth with completely formed api-

ces without any form of pathological defects were 
included in the study while teeth with pathological 
defects such as fracture, hypercementosis, root re-
sorption (internal or external), without crowns and 
etc., teeth with single root of multi rooted teeth were 
excluded from the study. Thirty specimens of each 
tooth type (i.e., central incisors, lateral incisor, canine, 
1st and 2nd premolars, 1st and 2nd molars) were involved 
in the study. All the specimens were cleaned manually 
from the build-up of calculus and remnants of peri-
odontal tissues and were stored in containers filled 
with saline. The teeth were dried with cotton and 
compressed gauge, and the apical areas were stained 
with graphite (Apsara Platinum Extra Dark Pencils) to 
facilitate the identification of the apical foramen of 
each root. The largest diameter with opening found 
at the root apex was denoted as the apical foramen. 
Containers with number code labelled individually 
were used to keep the teeth separate. The specimens 
were mounted on a glass slide (long axis of the teeth 
are parallel to the glass slab) to calculate anatomic 
parameters. A stereomicroscope was used to examine 
the apical foramina at 10×. The parameters of apical 
foramen evaluated were the shapes (rounded, oval, 
uneven, flat, and semilunar), location (centre, buccal, 
lingual, mesial, and distal) of the apical foramen of 
each tooth used for analysis (Figs. 1, 2). In maxillary 
first premolars and both maxillary and mandibular 
molars number of roots were considered for the 
analysis. It was considered as the deviation of apical 
foramina when a large portion of the major apical 
foramen (≥ 50%) was not located at the centre. The 
shape and location of apical foramen in maxillary and 
mandibular arch were evaluated. The distribution of 
apical foramina-based teeth position (anterior and 
posterior) also evaluated .The overall distribution of 
apical foramina of each tooth in the entire sample 
was considered for final analysis. Descriptive statistics 
done using SPSS (version 21.0, IBM, NY, USA), and  
p < 0.05 was considered statistically significant with 
95% confidence interval.

RESULTS
In the present study the total number of apical 

foramen evaluated were 696 (maxillary: 377 and 
mandibular: 319) of 420 teeth. The commonest shape 
found in all evaluated apical foramen was round 
shape (65.1%) followed by oval shape (31.0%) (Fig. 3).  
The round shape of apical foramen was more com-
mon in mandibular teeth (68.2%) than the maxil-
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lary teeth (62.3%). On the other hand oval shape 
was more common in maxillary teeth (32.4%) than 
mandibular teeth (29.6%). The flat shape of apical 
foramen was only reported in maxillary teeth. The 
commonest shape of apical foramen for mandibular 
central incisors was oval with 53.3%. The commonest 
shape was round in both anterior (57%) and posterior 
teeth (68%) (Table 1). The round shaped apical foramen 
was slightly more in mandibular anterior teeth (29.9%) 
than the maxillary anterior teeth (27.2%) shown in  

Figure 4. Among the posterior teeth, maxillary pos-
terior teeth reported more of round shaped apical 
foramen (36.1%) than the mandibular teeth (31.6%).

The commonest location of the apical foramen 
was centre (31.6%) and the second commonest 
location of apical foramina distal (18.2%) (Fig. 5). 
Apical foramen residing in the centre was reported 
more in roots of maxillary teeth (33.2%) while it 
was 29.8% in roots mandibular teeth, this suggests 
higher deviation of apical foramen in mandibular 

Figure 1. Shapes of apical foramina round (A), oval (B), semilunar (C), flat (D), and uneven (E) in the study.

Figure 2. Deviations of the apical foramen lingually (A), buccally (B), mesially (C), and distally (D).
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Figure 3. Distribution of shapes based on tooth type (%).
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teeth (70.2%) the results were statistically significant  
(p < 0.05). The deviation of apical foramen was 
commonly reported in distal location in roots man-

dibular teeth (20.7%) while roots of maxillary teeth 
showed palatal deviation of apical foramen (19.1%), 
which is summarised in Table 2. Table 3 represents the 
percentage of commonest location of apical foramen 
as well the percentage of deviation among anterior 
and posterior teeth. In anterior teeth the deviation is 
more in maxillary arch with 86.4% while in posterior 
teeth it was more with mandibular arch with 87.5%. 

Table 1. Distribution of shapes of apical foramina (%) in anterior 
and posterior teeth in both the arches

Shapes Anterior Posterior

Maxillary Mandibular Maxillary Mandibular

Round 27.2 29.9 36.1 31.8

Oval 18.5 17.9 17.2 11.9

Semilunar 0 1.6 0.2 0

Flat 0 0 0.8 0

Uneven 3.3 1.6 1.8 0.2

Total 49 51 56.1 43.9

Figure 4. Distribution of shape of apical foramina in roots of maxil-
lary and mandibular teeth.

Figure 5. Distribution of location of apical foramina based tooth type (%).

Table 2. Distribution of location of apical foramina (%) in  
anterior and posterior teeth in both the arches

Location Anterior Posterior

Maxillary Mandibular Maxillary Mandibular

Distal 7.1 4.3 9.4 11.3

Mesial 9.2 6.0 9.4 8.8

Buccal/labial 6.0 16.3 8.4 6.7

Palatal/lingual 13.6 7.6 9.2 4.6

Centre 13.1 16.8 19.7 12.5

Total 49 51 56.1 43.9

Table 3. Distribution of deviation of apical foramina location (%) 
in anterior and posterior teeth in both the arches

Arch Anterior Posterior P 

Centre Deviation Centre Deviation

Maxillary 3.6 86.4 19.5 80.5 < 0.05

Mandibular 16.8 83.2 12.5 87.5

Distal Mesial Buccal/Labial Lingual/Palatal Centre
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Over all common shapes was round in the roots of 
lateral incisors (4.7%), canine (6.6%), first premolar 
(8.5%), second premolar (8.9%), first molar (18.3%) 
and second molar (14.2%) while oval shape (4.7%) 
was common in central incisors roots that evaluated 
(Table 4).The frequent location of apical foramina in 
roots of anterior teeth was in the maxillary arch was 
palatal (13.6%) while centre location (16.8%) of apical 
foramina was common in mandibular teeth followed 
by labial (16.3%). The frequent location of apical 
foramina in the roots of posterior teeth was in the 
maxillary arch was centre (19.7%) followed by mesial 
and digital (9.4%), while centre (12.5%) location fol-
lowed by digital (11.3%) in mandibular teeth (Table 5). 
The common location of apical foramina was centre 
in both maxillary and mandibular teeth (Fig. 6). The 
frequent deviation of apical foramina was observed 
in maxillary canine and very less frequently found in 
Maxillary second premolars (Fig. 7).

DISCUSSION
Changes in the apex’s shape and location are pos-

sible under specific influences on the tooth include 
occlusion, adjacent drifting tooth, and pressure ex-
erted by the tongue [24]. These subsequent changes 
lead to the changes in the alveolar bone around the 

tooth. This might lead to resorption on the cemental 
wall of the apical foramen may be due to the exerted 

Table 4. Distribution of shape of the apical foramina (%) in total sample

Shapes Central  
incisor

Lateral  
incisor

Canine First  
premolar

Second  
premolar

First  
molar

Second  
molar

Total

Round 3.7 4.7 6.6 8.5 8.9 18.3 14.2 65.1

Oval 4.7 3.3 1.6 2.4 3.1 10.1 5.7 31

Semilunar 0 0.3 0.2 0 0.2 0 0 0.6

Flat 0 0 0 0 0 0 0.6 0.6

Uneven 0.2 0.7 0.4 0.3 1 0.2 0 2.7

Total 8.6 9.1 8.8 11.2 13.2 28.6 20.5 696 (100)

Table 5. Distribution of location of the apical foramina (%) in total sample

Location Central  
incisor

Lateral  
incisor

Canine First  
premolar

Second  
premolar

First  
molar

Second  
molar

Total

Distal 1 1 1 2.4 1.3 7.2 4.3 18.2

Mesial 0.7 1 2.3 2.6 2 5.3 3.4 17.4

Buccal/labial 2.2 2 1.7 1.7 2.7 3 3.6 17

Lingual/palatal 2 2 1.6 1 2.3 4.6 2.3 15.8

Centre 2.7 3 2.2 3.4 4.9 8.5 6.9 31.6

Total 8.6 9.1 8.8 11.2 13.2 28.6 20.5 696 (100)

Figure 7. Distribution of deviation of apical foramina in roots based 
on the arch.

Figure 6. Distribution of location of apical foramina in roots of max-
illary and mandibular teeth.
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pressure is inevitable. Apparently, this results in the 
foramen’s deviation that alters from the radiographic 
root apex [4]. Anatomy, of course, is the foundation 
of the art and science of healthcare. There is a need to 
have knowledge of the microscopic and topographic 
anatomy of the dental apex [12].

The anatomic parameter examined in the present 
study was the shape and location of the apical fora-
men. It was evident that the frequent location was 
centre and the topical shape was round. The shapes of 
apical foramina in the present study were classified as 
round (65.1%), oval (31%), uneven (2.7%), semilunar 
(0.6%), and flat (0.6%). Flat shaped apical foramen 
was evident only in maxillary second molars teeth and 
not existent in any mandibular tooth type. Semilunar 
shaped apical foramina were evident in maxillary 
second premolars and mandibular lateral incisor, and 
canine while uneven apical foramina was not evident 
in second molars of both maxillary and mandibular 
teeth. All the tooth types found to have commonly 
round shaped apex more and only in central incisors 
where oval shaped apical foramina are frequently 
evident. These findings from the present study were 
in agreement with Chinese study [21] and Brazilian 
study [19]. The Chinese study examined 1282 teeth 
photographed by the XTL-2 photstero microscope 
and found 94% of an apical foramen in the study 
sample with a round shape [21]. On the other hand 
the Brazilian study found 52.9% of apical foramen 
was with a round shape of 1331 root specimens were 
evaluated. In contrast, a few prior studies [3, 10] 
found that the oval-shaped apical foramina are very 
common. A German study [16] reported that 71% of 
an apical foramen in the maxillary molars showed an 
oval shape, while it was evident in 53% of the roots 
of the mandibular molar teeth. In the present study, 
only 29% of 696 the apical foramen was of oval 
shape while 17% for maxillary posteriors and 12% 
for mandibular molars. An Indian study [3] reported 
that the commonest shape of apical foramen to be an 
oval shape (81%) of 800 extracted maxillary and man-
dibular posterior teeth in a stereomicroscopic study. 
On the other hand, a Korean study [10] inspected  
60 mandibular molars and found that the frequent 
shape of the apical foramen was an oval shape 
(69.9%). However, the results from these three studies 
were not compared with the present study because 
the present study analysed all the teeth types. The Bra-
zilian study [19] allocated their sample into incisors, 
canines, premolars, and molars groups, respectively, 

for the maxillary and mandibular arches. The authors 
found that the maxillary molars group showed the 
maximum number of apical foramina with a round 
shape (67.6%). In comparison, the maxillary premo-
lars group showed the maximum number of apical 
foramen with an oval shape (33.7%). On the other 
hand, in the present study, we found that the man-
dibular canine group showed a maximum of apical 
foramen with a round shape (77.8%). In comparison, 
the maxillary incisors group showed a maximum of 
apical foramen with an oval shape (46.7%). The Ger-
man study [16] separated the specimens into four 
groups include mandibular first molar, mandibular 
second molars, maxillary first molar, and maxillary 
second molars. These German authors [16] found 
the maxillary first molar group showed more number 
of the oval-shaped apical foramen (74%), while the 
maximum round-shaped apical foramen was found 
in mandibular molars (44%).

The most common location of apical foramen 
was observed at the centre (31.6%) of 696 roots 
(420 teeth) in the present study, followed by distal 
location (18.2%). These results are in agreement with 
previous studies performed on the apical foramina of 
human teeth [18, 23]. Martos et al. [18] concluded 
that the commonest location of apical foramen was 
the centre for all evaluated groups of specimens. The 
results were similar to the present study except for 
the maxillary canine and mandibular incisors group, 
which showed the commonest location as lingual and 
buccal, respectively. A South Indian study [9] report-
ed that 84% of evaluated roots of maxillary central 
incisor, 75% of the maxillary lateral incisor, and 15% 
of maxillary canine showed apical foramen location 
to be in the centre. The authors analysed only 285 
roots of maxillary anterior teeth. A Brazilian study 
[23] investigated 84 maxillary central incisors and 
found that 25% of specimens with the apical fora-
men location in the centre. Teo et al. [25] found the 
apical foramens in 54.3% of the 635 maxillary central 
incisors Similar findings were reported by previous 
published studies [27, 28]. An Iranian stereoscopic 
analysis of 100 maxillary central incisors found 17% 
of apical foramen location was in the centre [22].  
A Japanese study found that 16.7% of central incisors 
and cuspids and 6.7% of lateral incisors have a loca-
tion of an apical foramen in the centre of 90 maxillary 
anterior teeth [20]. In the present study, only 36.7% 
of maxillary central incisors, 33.3% of maxillary lateral 
incisors, and 10% of maxillary canines showed apical 
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foramen in the centre. Another Japanese study inves-
tigated 510 maxillary central incisors and found 55% 
of an apical foramen in the apex [11]. In the present 
study, only 36.7% of maxillary central incisors, 33.3% 
of maxillary lateral incisors, and 10% of maxillary 
canines showed apical foramen in the centre. The 
deviation was almost 70% in anterior teeth and 67% 
in posterior teeth. Moreover, we have analysed the 
shapes and locations for the entire sample to draw 
the percentage of each shape and location based on 
tooth type. These results are first of its kind hence not 
compared with any of the studies published earlier. 
A Croatian study [17] studied the apical foramen 
of all anterior teeth and found that 41% of central 
incisors, 40% of the lateral incisors, and 38.5% of 
canines showed apical foramen in the centre of the 
apex. In the present study, 31.7% of central incisors, 
33.3% of the lateral incisors, and 24.6% of canines 
showed apical foramen located in the centre of the 
apex. The Iranian study [22] found that the roots of 
137 maxillary second premolars found that in the 
maxillary second premolar. In the present study, 29% 
of maxillary first premolars, 45% of maxillary second 
premolars, 32.5% of mandibular first premolars, and 
22.8% of mandibular second premolars showed api-
cal foramen with a central location. In the present 
study, 23.7% of permanent molars roots present the 
location of an apical foramen in the centre while it 
was almost similar for the distal location, with 23.4%.

The clinical determination of the apical foramina 
is based on the clinicians’ tactile sensitivity and the 
subjective understanding of the radiographs. The 
instrumentation and obturation filling should not 
extend beyond the apical foramen considered as ef-
fective endodontic treatment [26]. In some instances, 
the buccal position of apical foramina may result in 
over instrumentation. There is an association between 
the root apex and the apical foramen, which normally 
does not coincide [15, 25–28]. The apical foramina 
are very small in size, but the relatively significant 
anatomical variation of apical micromorphology can-
not be evident in two-dimensional imaging. There is  
a need to use supplementary methods like an oper-
ating microscope, electronic methods and three-di-
mensional imaging.

CONCLUSIONS
Anatomical knowledge of apical foramina is very 

essential for the success of endodontic treatment. 
The commonest shape of the apical foramen is of  

a round shape, followed by the oval. The oval shape 
of the apical foramen is most frequent with central 
incisors. The common location of apical foramina was 
centre in all teeth and the most frequent direction of 
deviation is the distal surface, followed by the mesial 
surface. The variation is more common in mandibular 
posterior teeth, while maxillary posteriors showed the 
least difference. 
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Background: The foramen magnum (FM) is an important landmark because of 
its close relationship to key structures such as the brainstem and spinal cord, an 
extension of the medulla oblongata. Because of the similarity in their shape, the 
existence of a relationship between cranial length and anteroposterior diameter of 
the FM, and between cranial width and transverse diameter of the FM may reveal 
the magnificent harmony of the skull and FM. Based on this idea, we investigated 
the existence of this harmony in skulls that we used in our study.
Materials and methods: In this study, 60 adult dry skulls belonging to the Turk-
ish population were examined. The anteroposterior and transverse diameters of 
the foramen magnum and the length and width of the skull were measured. 
Measurements were made directly on the skull using a digital sliding calliper. New 
indices and ratios were applied with those measurements.
Results: Our study suggests that FM width and FM length could be estimated by 
using the cranial length and cranial width measurements in the skull by accept-
ing the mean of these coefficients (4.62) as the golden ratio. The average of the 
coefficients of cranial width to FM width ratio (4.62 ± 0.35 [95% CI: 4.52–4.70]) 
and the average of the coefficients of cranial length to the FM length ratio  
(4.62 ± 0.50 [95% CI: 4.49–4.76]) were found to be equal to each other. In 
order to check the accuracy of this hypothesis, FM width and FM lengths were 
estimated with the help of new equations.
Conclusions: In the present study, the ratio between the anteroposterior and 
transverse diameters of both FM and the cranium was estimated at 4.62, indi-
cating a magnificent harmony between cranial and subcranial structures. With 
this ratio, it is easy to estimate FM’s size based on simple cranial measurements. 
(Folia Morphol 2022; 81, 1: 220–226)

Key words: anthropometry, foramen magnum, occipital bone, skull base

INTRODUCTION
The human occipital bone, like that of most other 

mammals, is ontogenetically and functionally unique 

when compared to other bones of the cranium. It 
is one of the first bones of the skull to develop and 
consists anatomically of four parts surrounding the 
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foramen magnum (FM): the basilar, squamous, and 
two condylar parts [3]. The FM is an important land-
mark because of its close relationship to key structures 
such as the brainstem and spinal cord, an extension 
of the medulla oblongata. The FM also transmits the 
vertebral and spinal arteries, tectorial membranes, 
and alar ligaments. Thus, the FM is of particular inter-
est to clinicians, such as radiologists, neurosurgeons, 
or skull-base surgeons [5, 10]. The anterior border 
of the FM is formed by the basilar process of the 
occipital bone, the lateral borders by the left and 
right ex-occipitals, and the posterior border is formed 
by the supra-occipital part of the occipital bone [7]. 

Anatomical knowledge of FM is important for 
understanding several pathologic conditions as well 
as for planning surgical procedures [13]. For instance, 
the length and breadth of the FM is clinically relevant 
in patients with achondroplasia; the cervicomedullary 
junction may be compressed as a result of marked FM 
stenosis, resulting in neurologic manifestations [21]. 
In addition, the knowledge of the dimensions and 
shape of the FM has important clinical implications in 
the prognosis and treatment of various neurological 
pathologies like Arnold Chiari syndrome, and posteri-
or cranial fossa lesions [23, 26]. As in FM meningioma 
resection, in transcondylar surgical approach to FM, 
anatomical features of the FM and variations in con-
dylar resections to expose FM have been taken into 
consideration in various studies [8, 24]. Wanebo et al. 
[27] stated that longer FM anteroposterior diameters 
permitted greater contralateral surgical exposure for 
condylar resection. Thus, understanding of the ana-
tomical features, dimensions, shape types, variations 
and morphometry of the FM is essential for accurate 
diagnosis and treatment of these pathologies.

Also variations of the shape of FM have got di-
agnostic, clinical and radiological importance. The 
morphological variants of the shapes of FM: round, 
shape, egg, tetragonal, oval, irregular, hexagonal and 
pentagonal shapes [5, 9]. 

Additionally, many authors have reported the use-
fulness of the FM in gender determination [6, 11,  
16, 18]. In 1982, Teixeira [25] revealed the basic os-
teometric data of the two main diameters of the 
human FM regarding gender, age, height, ethnic 
origin and secular disposition. 

Despite its particular clinical importance, only  
a few anatomical reports on FM are available in the lit-
erature. These reports are generally on measurement 
of the current size of FM [10, 21, 23], determination 

of its shape [5, 23], gender differences [7, 11, 25], eth-
nic differences [6, 18], dimensions in other mammals 
[14] and relationship to the intra-cranial volume [1].

However, the relationship between the FM and 
cranial dimensions were not fully analysed so far. 
The similarity in shape between the skull and FM 
may suggest a relationship between cranial length 
and anteroposterior diameter of FM and between 
cranial width and transverse diameter of FM. Those 
relations may reveal the magnificent harmony of the 
skull and FM. Based on this idea, we investigated this 
harmony’s existence in 60 skulls that we used in our 
study. In other words, our study aims to investigate 
the possible relationship between cranial length and 
the anteroposterior diameter of the FM (in the sag-
ittal plane) and between the cranial width and the 
transverse diameter of the FM (in the coronal plane).

MATERIALS AND METHODS
In the present study, 60 dry skulls of human 

adults from the Turkish population were examined. 
The exact age and sex of the skulls have not been 
determined. The different shapes of the FM were 
macroscopically noted and classified as two sem-
icircle, oval, round, egg, tetragonal, pentagonal, 
hexagonal and irregular shapes. The shapes were 
determined after the discussion with team of three 
members in order to avoid observational bias. The 
number and incidence of each type in the studied 
skull was registered and tabulated. The anteroposte-
rior and transverse diameters of the FM were meas-
ured using digital sliding callipers (Mitutoyo) with 
0.1 mm precision. The anteroposterior diameter 
was measured from the end of the anterior border 
(basion) to the end of the posterior border (opis-
thion). The transverse diameter was measured from 
the point of maximum concave on the right edge 
to the maximum concave on the left edge (Fig. 1A).

The length of the skull was assumed as the dis-
tance between the glabella (g) and opisthocranion 
(g-op). The skull width was measured between the 
two most remote points (eurion-eurion) located on 
the right and the left side of the skull (eu-eu) (Fig. 1B).

In the present study, new indices were determined 
from measurements of the FM and skull. Measure-
ments in the coronal and sagittal planes were used 
to determine these indices. While the measurements 
in the coronal plane were used to calculate the fora-
men magnum width-cranial width (FMW-CW) index, 
the measurements in the sagittal plane were used to 
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calculate the foramen magnum length-cranial length 
(FML-CL) index.

   
           

FMW-CW index = FMW × 100 
CW       

(equation-1)

            
FML-CL index = FML × 100

CL            
(equation-2)

When calculating the cranial index (cranial width/
cranial length × 100) and FM index (FM width/FM 
length × 100), the ratio of width measurements to 
length measurements is always taken. From this point 
of view, it was thought that the ratio of equation-1 
(width index) and equation-2 (length index) to each 
other might be an indicator of the magnificent har-
mony in the skull.

Statistical analysis

Statistical analysis of the study data was per-
formed using SPSS version 21.0 software for Win-
dows (IBM SPSS Statistics for Windows, Version 21.0. 
Armonk, NY: IBM Corp., USA). Normality assumption 
was tested using Kolmogorov-Smirnov and Shapiro- 
-Wilk tests. The assumption of homogeneity of var-
iances was tested with the Levene’s test. Data was 
expressed as mean ± standard deviation (SD) and 
number (n). Independent t-test was used to the com-
parison of the groups in the study. In all statistical 
tests, p value < 0.05 was considered to indicate 
accepted to be statistically significant.

RESULTS 
When we compared the width index (equation-1) 

and the length index (equation-2), those two indices, 
surprisingly, were approximately equal (1.01). 

Within the scope of this equation, as a result of 
the measurements we made from 60 human skulls, 
the average of the coefficients of cranial width to FM 
width ratio (4.62 ± 0.35 [95% confidence interval: 
4.52–4.70]) and the average of the coefficients of 
cranial length to FM length ratio (4.62 ± 0.50 [95% 
confidence interval: 4.49-4.76]) were found to be 
equal to each other. The relationship between these 
coefficients calculated in 60 skulls was found to be 
statistically insignificant (p > 0.05) (Table 1).

In our study, it was suggested that FM width 
(28.14 ± 1.77 mm) and FM length (35.81 ± 7.56 mm)  
can be estimated by using the cranial length (162.45 ±  
± 6.20 mm) and cranial width (129.45 ± 4.99 mm) 
measurements in the skull by accepting the mean 
of these coefficients (4.62) as the golden ratio. In 
order to check the accuracy of this hypothesis, FM 
width and FM lengths were estimated with the help 
of equation-3 and equation-4.

FM Width = Cranial Width
4.62               

(equation-3)

FM Lenght = Cranial Lenght
4.62              

(equation-4)

There was no statistically significant difference be-
tween the measured (observed values) FM width and 
estimated FM width (p > 0.05). Similarly, there was 
no statistically significant difference between the 
measured (observed values) FM length and estimated 
FM length values (p > 0.05) (Table 1).

Eight different shapes were observed for the FM. 
Type, quantity and frequency of these are shown in Fig-
ure 2 and Table 2. In our study, the occipital condyle was 
not observed to protrude into the FM in any of the skulls.

Figure 1. A, B. Antero-posterior (AP) and transverse diameters of foramen magnum and skull measurements.

BA
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DISCUSSION
The foramen magnum is an important cranial 

structure with far-reaching implications for various 

fields of study. Most of the morphometric studies 
of the FM took into account the transverse and sag-
ittal diameters as well as the area occupied by the 
foramen edge. Similarly, regarding the morphology 
of FM, the FM index (aspect ratio between sagittal 
and transverse diameters) has been largely the only 
measurable parameter used to evaluate the shape 
of the FM. This study is unique in that the FM index 
and dimensions are predicted from basic cranial index 
and measurements.

Rooppakhun et al. [20], in their study on com-
puted tomography images of 91 Thai skulls, found 
the mean value of the cranial length of male skulls 
as 173.09 ± 4.74 mm, and the average value of FM 
length of the same skulls as 36.78 ± 2.14 mm. The 
ratio between these two lengths is 4.70 and it can be 
seen that it is within the confidence interval specified 

Table 1. Descriptive statistics of variables and group comparisons

Mean ± SD 95% CI (lower-upper) P value
Cranial width 129.45 ± 4.99 117.0–138.0 –
Cranial length 162.45 ± 6.20 151.0–178.5
Cranial width/FM width 4.62 ± 0.35 4.52–4.70 0.889
Cranial length/FM length 4.62 ± 0.50 4.49–4.76
FM width (observed values) 28.14 ± 1.77 27.68–28.60 0.640
FM width (prediction values) 28.01 ± 1.07 27.74–28.29
FM length (observed values) 35.81 ± 7.56 33.85–37.76 0.513
FM length (prediction values) 35.16 ± 1.34 34.81–35.50

CI — confidence interval; FM — foramen magnum; SD — standard deviation

Table 2. Frequency of different shapes of foramen magnum (FM) 
(n = 60)

Different shapes of FM Number Frequency (%)
Oval 12 20
Two semicircle 10 16.67
Tetragonal 6 10
Pentagonal 5 8.33
Hexagonal 5 8.33
Round 4 6.67
Irregular 10 16.67
Egg 8 13.33
Total 60 100

Figure 2. Different shape types of the foramen magnum; A. Oval; B. The hole formed by the combination of two semicircles; C. Tetragonal;  
D. Pentagonal; E. Hexagonal; F. Round; G. Irregular; H. Egg-shaped.



224

Folia Morphol., 2022, Vol. 81, No. 1

in our study. In the same study, cranial width and 
FM width were found to be 144.13 ± 5.45 mm and 
30.71 ± 2.05 mm, respectively. The ratio between 
the widths is 4.69 and it is within the confidence 
interval in our study. In females, they reported the 
mean values of cranial and FM lengths as 165.15 ± 
± 6.61 mm and 34.29 ± 2.35 mm, respectively. In 
addition, Rooppakhun et al. [20] reported the mean 
values of cranial width and FM width of female skulls 
as 140.83 ± 5.40 mm and 28.90 ± 1.89 mm, respec-
tively. In females, the ratio between both cranial and 
FM lengths (4.81) and the ratio between cranial and 
FM widths (4.87) is very close to this range, although 
not within the confidence interval in our study. And 
according to the results of Rooppakhun et al. [20], 
the ratio of equation-1 (width index) and equation-2 
(length index) to each other is approximately equal 
in both males and females (equation-1/equation-2 
= 1.00 for males, 0.99 for females) (Table 3). In this 
respect, our work is fully compatible with the study 
of Rooppakhun et al. [20].

The study of Burdan et al. [4] on computed to-
mography images of 313 Caucasian individuals re-
ported the cranial length and width values of males as  
181.22 ± 7.53 mm and 149.33 ± 6.57 mm, respective-
ly, and 172.59 ± 8.79 mm and 144.22 ± 7.61 mm for 
females, respectively. In the same study, the length and 
width values of FM were reported as 37.06 ± 3.07 mm  
and 32.98 ± 2.78 mm in males, 35.47 ± 2.60 mm  
and 30.95 ± 2.71 mm in females, respectively. Ac-
cording to these results, it was determined that the 
ratio of cranial width to FM width in both males 

and females was within the confidence interval in 
our study (males: 4.53, females: 4.65). The ratio of 
cranial length to FM length was found very close to 
the confidence interval in both genders (male: 4.89, 
female: 4.86). According to the results of Burdan 
et al. [4], the ratio of equation-1 (width index) and 
equation-2 (length index) to each other was slightly 
lower in females, but the result obtained in males was 
consistent with our study. Our results were consistent 
with the results of males, while a little deviation in 
female (equation-1/equation-2 = 1.03 for males, 0.93 
for females) (Table 3). 

Mahakkanukrauh et al. [17], in their study on 200 
Thai dried skulls (100 male, 100 female), reported 
cranial length and width values as 164.02 ± 6.76 mm,  
138.68 ± 5.33 mm in females and 172.64 ± 6.23 mm,  
144.44 ± 5.69 mm in males, respectively. Mahak-
kanukrauh et al. [17] reported the average length 
and width values of FM as 33.44 ± 2.03 mm and 
28.89 ± 1.84 mm in females, 35.72 ± 2.41 mm  
and 30.63 ± 1.81 mm in males respectively. According 
to these reported measurements, it was determined 
that the ratio of cranial width to FM width in males 
was within the confidence interval in our study and 
very close to the confidence interval in females (male: 
4.72, female: 4.80). The ratio of cranial length to 
FM length was very close to the confidence interval 
in both genders (male: 4.83, female: 4.90). And ac-
cording to the results of Mahakkanukrauh et al. [17], 
the ratio of equation-1 (width index) and equation-2 
(length index) to each other were equal in both males 
and females (equation-1/equation-2 = 1.02 for males, 

Table 3. Comparison of observed and predicted values with the literature

Studies Gender N Equation-1/ 
/Equation-2 

Equation-3 (FMW) Equation-4 (FML)

Prediction values 
[mm]

Observed values  
[mm]

Prediction values 
[mm]

Observed values  
[mm]

Rooppakhun et al. [20] Male 56 1.00 31.20 30.71 37.47 36.78

(Thai skulls) Female 35 0.99 30.48 28.90 35.75 34.29

Burdan et al. [4] Male 142 1.03 32.32 32.98 39.23 37.06

(Caucasian skulls) Female 171 0.93 31.22 30.95 37.36 35.47

Mahakkanukrauh et al. [17] Male 100 1.02 31.26 30.63 37.37 35.72

(Thai skulls) Female 100 1.02 30.02 28.89 35.50 33.44

Ramamoorthy et al. [19] Male 43 0.87 28.79 31.3 38.59 36.6

(Indian skulls) Female 27 0.89 27.71 30.7 36.90 36.5

Present study (Turkish skulls) – 60 1.01 28.01 28.14 35.16 35.81

FMW — foramen magnum width; FML — foramen magnum length
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1,02 for females) (Table 3). In this respect, our work is 
fully compatible with the study of Mahakkanukrauh 
et al. [17].

The proportions obtained from the reported width 
values in the study of Ramamoorthy et al. [19] on 70 
Indian adult skulls were lower than the current study 
and literature for both genders. Ramamoorthy et 
al. [19] reported cranial length and width values as  
170.5 ± 6.84 mm, 128 ± 6.15 mm in females and 
178.3 ± 8.13 mm, 133 ± 6.22 mm in males, respec-
tively. They reported the average length and width 
values of FM as 36.5 ± 2.43 mm and 30.7 ± 3.00 mm  
in females, 36.6 ± 3.16 mm and 31.3 ± 3.16 mm 
in males, respectively. According to these results, it 
was determined that the ratio of cranial width to FM 
width was found close to the confidence interval in 
both genders (male: 4.25, female: 4.17). The ratio 
of cranial length to FM length was found within the 
confidence interval in females and very close confi-
dence interval in males (males: 4.87, females: 4.67). 
To the results of Ramamoorthy et al. [19], the ratio 
of equation-1 (width index) and equation-2 (length 
index) to each other was slightly lower in both gen-
ders (equation-1/equation-2 = 0.87 for males, 0.89 
for females) (Table 3).

Some studies have focused on exploring external 
factors while FM takes its final form (the effect of 
sleeping position on the final form of FM in chil-
dren under 5 years of age) [28]. Also some studies 
have evaluated the protrusion of occipital condyle 
and variations of the surrounding structures of 
the FM. Avcı et al. [2] reported that the occipital 
condyle protruded into the FM in 57% of the skulls 
examined.

Several researches have been made on the shape 
of the FM on the craniovertebral intersection. The 
most frequently observed FM type was reported as 
oval shaped by Singh et al. (33.3%) [23], Avcı et al. 
(58%) [2] and Henríquez-Pino et al. (87.3%) [12], 
as round shaped by Chethan et al. (22.6%) [5] and 
Sharma et al. (22%) [22], as tetragonal shaped by 
Govsa et al. (25.66%) [9]. In the present study, oval 
shape was the most common shape of the FM (20%) 
(Fig. 2, Table 4).

CONCLUSIONS
In the present study, the ratio between the anter-

oposterior and transverse diameters of both FM and 
the cranium is 4.62, indicating a magnificent harmony 
between cranial and subcranial structures. With this 
ratio, it is very easy to estimate the size of FM from 
basic cranial measurements.

Our research was conducted on 60 skulls; thus, 
it should be treated as a pilot study. We investigated 
the relationship between head length and width 
values and FM dimensions. We found that some data 
in the literature support this hypothesis. Besides, we 
calculated the rates we determined using the aver-
age values of the studies in the literature. However, 
similar studies should be carried out on material from 
various populations. Therefore, we suggest that the 
FM’s anatomic and morphometric evaluation showed 
a significant difference between various parameters, 
so further comparative studies are required. Repeated 
anatomical observations deepen existing knowledge, 
help overcome the subjective aspect in the description 
made by individual researchers, and can be useful for 
practitioners [29].

Table 4. Comparison of different shapes of foramen magnum (FM) with the previous reports

Different shapes of FM Singh et al. [23] (n) Chethan et al. [5] (n) Govsa et al. [9] (n) Sharma et al. [22] (n) Current study (n)

Oval 33.3% (40) 15.1% (8) 7.93% (30) 16% (8) 20% (12)

Two semicircle – – 23.28% (88) – 16.67% (10)

Tetragonal 16.6% (20) 18.9% (10) 25.66% (97) 12% (6) 10% (6)

Pentagonal 13.3% (16) 3.8% (2) 4.23% (16) 8% (4) 8.33% (5)

Hexagonal 16.6% (20) 5.61% (3) 16.67% (63) 8% (4) 8.33% (5)

Round 13.3% (16) 22.6% (12) 3.97% (15) 22% (11) 6.67% (4)

Pear 6.6% (8) – – – –

Irregular – 15.1% (8) 4.50% (17) 18% (9) 16.67% (10)

Egg – 18.9% (10) 13.75% (52) 16% (8) 13.33% (8)

Total 100% (120) 100% (53) 100% (352) 100% (50) 100% (60)
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Background: This report presents a series of cases representing variant origin 
and course of the ulnar artery, namely the superficial ulnar artery (SUA), observed 
during the review of collection of historical specimens prepared in the 19th century 
by the prominent Polish anatomist Ludwik Karol Teichmann and his collaborators, 
exhibited in the Anatomy Museum of Jagiellonian University Medical College.
Results: Three distinct variants of the SUA were found on anatomical specimens of 
the upper limb with arteries injected by using Teichmann’s method. In case no. 1,  
the SUA originated from the brachial artery slightly above the interepicondylar 
line of the humerus. This aberrant vessel gave off the common interosseous artery 
in the upper half of the cubital fossa and then ran superficially to the bicipital 
aponeurosis and over the muscles arising from the medial epicondyle of the 
humerus. The cases no. 2 and 3 involved two similar variants of the superficial 
artery in which the common interosseous artery arose from the radial artery. In 
the unique case no. 4, the SUA arose from the radial artery.
Conclusions: The SUA shows diverse anatomy regarding its topography and 
blood supply territory. Orthopaedic, hand, and plastic surgeons should be aware 
of anatomic variations of the SUA both in planning and in conducting surgeries 
of the upper limb. (Folia Morphol 2022; 81, 1: 227–233)

Key words: anatomic variation, arteries, brachial artery, common 
interosseous artery, radial artery, superficial ulnar artery, ulnar artery, 
superficial brachioulnoradial artery

INTRODUCTION
In the upper limb, the brachial artery is typically 

divided into two terminal branches; the radial and ul-
nar artery, at the level of the cubital fossa and slightly 
below the interepicondylar line of the humerus (Fig. 1)  
[16, 28]. The radial artery courses under the cover of 

the brachioradialis muscle, turns back at the wrist 
below some slender tendons that go to the thumb 
and passes through the 1st metacarpal space to the 
palmar surface of the hand to form the deep palmar 
arch [16, 19–22, 28]. The ulnar artery gives off the 
common interosseous artery and passes deep to the 
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ulnar head of the pronator teres muscle as well as 
under the flexor digitorum superficialis muscle. At the 
wrist, the ulnar artery runs superficially to the flexor 
retinaculum and terminates as the superficial palmar 
arch on the palmar surface of the hand [16, 19–22, 
28]. Diverse variations of this arrangement may be 
observed; however, most of the anomalies involve the 
radial artery [3, 10–12, 14, 19–22, 30, 32]. The su-
perficial ulnar artery (SUA) is an anatomical variation 
in which the ulnar artery courses superficial to the 
flexors of the forearm. Such atypical vessel may arise 
directly from axillary, brachial or superficial brachial 

artery [1–9, 13, 14, 17–26, 31–33]. The incidence of 
this anatomical variation in adults ranges between 
0.67% and 7% [14, 20–23].

Research on the anatomical variations of blood 
vessels flourished between the 18th and 20th centuries 
[9, 14, 19–22, 27, 29]. In this report, we described  
a series of cases representing various origin and course 
of the SUA. All those anatomical variations were ob-
served during the review of collection of historical 
specimens prepared in 19th century by prominent 
Polish anatomist Ludwik Karol Teichmann [15] and 
his collaborators, exhibited in the Anatomy Museum 
of Jagiellonian University Medical College. Novelty 
of the study was in-depth anatomical description 
and a comparison of three different variants of the 
SUA located exclusively in the cubital fossa and fore-
arm. The course, topography and branching pattern 
of those aberrant vessels were traced. The issue of 
classification and anatomical terminology was also 
discussed in the context of observed cases. Thus, our 
report may supplement anatomical description of the 
SUA existing in anatomical literature. It is especially 
true regarding the origin of the common interosseous 
artery, ulnar recurrent branches and formation of the 
superficial palmar arch in presence of this aberrant 
artery. As the anatomical variations of the arterial 
system in upper limbs may be a challenging clinical 
issue, this report may help to better understand in 
detail the diverse anatomy of the SUA, including its 
topography and blood supply territory.

CASE report
Three distinct anatomical variants of the SUA were 

found on selected historical dry anatomical specimens 
of the upper limb, being a part of the collection pre-
sented in the Anatomy Museum (originally Theatrum 
Anatomicum) of Jagiellonian University Medical Col-
lege. All those specimens varied regarding branching 
pattern and distribution of the main arterial trunks. 
Teichman introduced advances in techniques of the 
corrosion casting by developing mass for cold injec-
tions [15]. Using cold mass to prepare anatomical 
specimens did not damage the tissues. Teichman’s 
mass applied to inject blood vessels was obtained 
using glass putty. The obtained images of the blood 
vessels were a very accurate reflection of true anatom-
ical relationships. The diameters of radial and SUAs 
were measured at the level of the wrist to facilitate 
comparison of contribution of those vessels in hand 
blood supply. The measurements of external diameter 

Figure 1. Variant of the superficial ulnar artery (SUA). Specimen 
described as case no. 1. Anterior view to the specimen of the right 
upper limb. The SUA originates from the brachial artery slightly 
above the interepicondylar line of the humerus. This aberrant 
vessel gives common interosseous artery in the upper half of the 
cubital fossa and then ran superficially to the bicipital aponeurosis 
(lacertus fibrosus) and over the muscles arising from the medial 
epicondyle of the humerus. In the lower third of the forearm, ab-
errant (superficial) ulnar artery followed its typical course. On this 
specimen the radial artery shows typical morphology. Scale bar 
shows 10 mm; BA — brachial artery; CIA — common interos-
seous artery; LF — lacertus fibrosus; ME — medial epicondyle; 
PT — pronator teres muscle; RA — radial artery; RRA — radial 
recurrent artery.
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of those arterial trunks were taken with a Digimatic 
Calliper (Mitutoyo Corporation, Kawasaki-shi, Kan-
agawa, Japan). Measurements were performed by 
two independent researchers. Each measurement 
was repeated twice and an average was calculated as 
final result, with an accuracy of two decimal places. 

Case 1

In this case (specimen of the right upper limb), 
the SUA originated from the brachial artery above 

the cubital fossa, i.e. 51.5 mm proximally to the 
interepicondylar line of the humerus (Fig. 1). This 
aberrant vessel gave off common interosseous artery 
in the upper half of the cubital fossa, just at the level 
of the interepicondylar line. The common interos-
seous artery ran deep to the bicipital aponeurosis 
(Fig. 1) and gave off the ulnar recurrent arteries. 
The SUA ran superficially to the bicipital aponeuro-
sis (lacertus fibrosus) and over the muscles arising 
from the medial epicondyle of the humerus (Fig. 1).  
No ulnar recurrent arteries were found on this spec-
imen. In the lower third of the forearm (141 mm 
below the medial epicondyle, with a forearm length 
of 276 mm), aberrant (superficial) ulnar artery fol-
lowed a typical course (Fig. 1). On this specimen 
the radial artery was typical. It ran under the bic-
ipital aponeurosis, gave off radial recurrent artery 
and took the course along the lateral border of the 
brachioradialis muscle. The diameters of the SUA 
and the radial artery at the level of the wrist were 
2.43 mm and 3.19 mm, respectively. The hand was 
removed on this specimen, so the palmar arches 
couldn’t be assessed.

Case 2 and 3

Both cases involved similar variants of the arterial 
pattern of the upper limb, in which the SUA was pres-
ent, while the common interosseous artery arose from 
the radial artery (Fig. 2). In case no. 2 (specimen of 
the left upper limb), the SUA originated from brachial 
artery in the lower third of the arm, 65.5 mm above 
the interepicondylar line of the humerus (Fig. 2).  
In the case no. 3 (specimen of the left upper limb), 
the SUA originated from the brachial artery, slightly  
(7.2 mm) above the level of the interepicondylar line 
of the humerus. Thus, in both cases, the division of 
the brachial artery into the terminal branches (in 
this variant the terminal branches were radial and 
SUAs) was located in the distal arm, above the typ-
ical level. In both cases, the common interosseous 
artery branched off the radial artery (Fig. 2). It may 
be assumed that in this variant of the forearm arterial 
supply, the common interosseous artery replaced 
missing ulnar artery of typical location with respect 
to its muscular branches to the forearm flexors. On 
its course in the forearm, the SUA ran superficially to 
the flexors of the forearm and obtained position typ-
ical for the ulnar artery, i.e. between the flexor carpi 
ulnaris and flexor digitorum superficialis, in the lower 
third of the forearm (Fig. 2). In case no. 2, the typical 

Figure 2. Variant of the superficial artery in which the common in-
terosseous artery arise from the radial artery. Specimen described 
as case no. 2. Anterior view to the specimen of the left upper limb. 
In this case, the superficial ulnar artery (SUA) runs superficially to 
the flexors of the forearm and obtains position typical for the ulnar 
artery in the lower third of the forearm; BA — brachial artery;  
BB — biceps brachii muscle (tendon); CIA — common interosse-
ous artery; ME — medial epicondyle; MN — median nerve; RA —  
radial artery; RRA — radial recurrent artery; SPA — superficial pal-
mar arch; SPB — superficial palmar branch of the radial artery.
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position was obtained 164 mm below the medial 
epicondyle of the humerus (with forearm length of 
267 mm), while in the case no. 3 the normal position 
was obtained 182 mm below the medial epicondyle 
of the humerus (with the forearm length of 243 mm). 
The diameters of the SUA and the radial artery at 
the level of the wrist were accordingly 2.11 mm and 
3.15 mm in the case no. 2, while the same diameters 
measured in the case no. 3 were 2.65 mm for the SUA 
and 2.95 mm for the radial artery. In both cases, the 
SUA contributed to blood supply of the hand; how-
ever, some differences in formation of the superficial 
palmar arch were found between those two cases. 

In the case no. 2, the superficial palmar arch was of 
closed radio-ulnar type, in which contribution from 
the SUA formed an anastomosis with the superficial 
palmar branch of the radial artery (Fig. 2). In the case 
no. 3, the superficial palmar arch was also radio-ulnar 
type (both radial and ulnar artery contributed to its 
formation). However, the arch was opened in this case 
with no anastomosis between the parts of the arch 
formed by the superficial palmar branch of the radial 
artery and SUA. In the case no. 3, the territory of the 
radial artery involved the princeps pollicis artery and 
the first metacarpal space, while the SUA has given 
off the common digital arteries to the second, third 
and fourth metacarpal spaces.

Case 4

In this rare case of the forearm arterial pattern 
observed on specimen of the right upper limb, the 
SUA arose from the radial artery. The brachial artery 
was divided 36.6 mm above interepicondylar line of 
the humerus into the radial artery and common in-
terosseous artery (Fig. 3). The common interosseous 
artery gave off the inferior ulnar collateral artery and 
then supplied flexor muscles of the forearm. However, 
its blood supply territory did not involve the hand. 
The radial artery showed a typical course. However, 
in the lower half of the cubital fossa, 26 mm below 
the interepicondylar line of the humerus, the SUA 
branched off from the radial artery (Fig. 3). This ab-
errant vessel crossed obliquely anterior group of the 
forearm muscles. Only at the level of wrist, it obtained 
a position typical for the ulnar artery and joined the 
Guyon’s canal (fibro-osseous tunnel extending from 
the transverse carpal ligament at the proximal as-
pect of the pisiform to the origin of the hypothenar 
muscles at the hook of hamate). The SUA in this case 
terminated in the incomplete superficial palmar arch 
(with no superficial palmar branch of the radial artery 
contributing to its formation). This variant may also 
be called the “ulnar type” of the superficial palmar 
arch. The princeps pollicis artery arose from the radial 
artery in this specimen. The diameters of the SUA 
and the radial artery at the level of the wrist were  
2.91 mm and 3.34 mm, respectively.

DISCUSSION
Outline of embryology

According to the classic “sprouting” theory, the ar-
teries of the developing upper limb arise successively 
from a single trunk of the axial artery [27]. However, 

Figure 3. The superficial ulnar artery (SUA) arising from the radial 
artery (RA). Specimen described as case no. 4. Anterior view of 
the specimen of the right upper limb. The right side of this figure 
shows general view, the left side shows magnification of the an-
terior surface of the distal arm and proximal forearm. The brachial 
artery (BA) is divided into the radial and common interosseous 
artery (CIA). The CIA resembles incomplete ulnar artery, it gives  
a single steam of the ulnar recurrent artery, and supplies flexors of 
the forearm, however, its territory does  not involve the hand. In the 
lower half of the cubital fossa, the SUA branches off from the RA. 
This aberrant vessel crosses obliquely anterior group of the forearm 
muscles. At the level of wrist, it obtains a typical position for the 
ulnar artery; BB — biceps brachii muscle; IUCA — inferior ulnar 
collateral artery (anastomotica magna artery); ME — medial epi-
condyle; RA* — initial part of radial artery (resembling superficial 
brachioulnoradial artery); SPA — superficial palmar arch.



231

E. Clarke et al., Anatomical variations of the superficial ulnar artery

based on recent theories, the precursor trunks for 
the main arteries of the upper limb develop from the 
primitive capillary plexus forming “vascular labyrinth” 
(Fig. 4). Based on this model it may be presumed 
that the dominant vascular channels in the develop-
ing upper limb gradually differentiate as a result of 
capillary remodelling. This remodelling may continue 
until the formation of the muscular membrane in 
the developing arteries [20–22]. Thus, an aberrant 
course of some arteries may result from plexiform 
appearance of the upper limb arteries during early 
stages of the ontogenesis. This model may also be 
useful to explain unusual variations of the definitive 
arterial pattern that occasionally occur during arterial 
development [20–22]. Examples of the results of such 
an atypical development of the ulnar artery have been 
presented in this report.

Variants and classification of the SUA

The SUA may originate at a variable level: within 
the axillary fossa or in the arm or in the cubital fossa 
[1–9, 13, 14, 17–26, 31–33]. It may provide an ac-
cessory ulnar recurrent artery, radial recurrent artery, 
or interosseous artery. However, in some variants 
of the SUA the ulnar recurrent or/and the common 
interosseous arteries may arise from the radial artery. 
Thus, different arterial patterns involving the presence 
of the SUA were described in the medical literature 
[1–9, 13, 14, 17–26, 31–33]. It should be emphasized, 
however, that there are difficulties in classification of 
individual variants of the SUA. Our case no. 1 resem-

bles a situation where the typical termination of the 
brachial artery is shifted upwards. The initial segment 
of the SUA gives off the common interosseous artery, 
which is similar to typical anatomical relationships. 

Another pattern, i.e. bifurcation of the brachial 
artery into a common radial–interosseous trunk and 
SUA, was described by Narayanan and Murugan [18]. 
This variant resembles cases no. 2 and 3 described 
in our report. However, based on the classification 
provided by Bergman et al. [3], this pattern may also 
be described as the radial origin of the common inter-
osseous artery. Such classification was applied in our 
report. A different view for classification of this pat-
tern was presented by Shankar and Veeramani [26], 
who stated that when the superficial artery is present, 
the brachial artery commonly terminates as the radial 
and common interosseous artery. Another way in 
which Gruber [9] and Rodríguez-Niedenführ et al. 
[21] describe the presence of the SUA in the forearm 
is partial duplication of the ulnar artery. According to 
those authors, partial duplications of the ulnar artery 
involves the presence of two vessels — the superficial 
ulnar artery reaching the palm and the rudimentary 
“normal” ulnar artery, sending of the ulnar recurrent 
artery, the common interosseous arteries and termi-
nating as small muscular branches to the forearm 
flexor muscles. However, as Rodríguez-Niedenführ 
et al. [21] stress, many authors who reported the 
SUA, have observed the origin of the ulnar recurrent 
artery from the interosseous arteries, but they did not 
consider such variant as a duplication.

Based on the review of existing literature, we did 
not find a case of a radial origin of the SUA. Only the 
radial origin of the median artery was reported [3].  
However, in the light of recent classifications [20–22], 
our case no. 4 may resemble the superficial bra-
chioulnoradial artery. Rodríguez-Niedenführ et al. 
[21] define the superficial brachioulnoradial artery as  
“a superficial brachial artery branching at the elbow 
level into the radial and ulnar arteries coursing over 
the superficial forearm flexors and coexisting in the 
whole arterial pattern of the limb with a normal bra-
chial artery that continues as the common interosse-
ous trunk”. The incidence of this variant ranges from 
0.13% to 1.47% [17, 21]. However, the superficial 
brachioulnoradial artery most often arises from the 
proximal half of the brachial artery and bifurcates 
proximal to the interepicondylar line of the humerus 
[1, 2, 20–22]. In our case, the common trunk for 
the radial and SUA took origin in the distal quarter 

Figure 4. Capillary plexus (CP) in the developing upper limb; 
AX — axial artery differentiated within the arm region (precursor 
trunk for the brachial artery). This figure is a modification of the 
drawing taken from Wysiadecki et al. (2017) under the terms of the 
Creative Commons Attribution 4.0 International License (https://
creativecommons.org/licenses/by/4.0/), which permits unrestricted 
use, distribution, and reproduction in any medium.
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of the forearm (36 mm above the interepicondylar 
line of the humerus) and undergo division below the 
interepicondylar line of the humerus. Thus, double 
classification may be applied regarding this case.

The SUA, when present, terminates by joining the 
normal position in distal part of the forearm and hand 
[1–9, 13, 14, 17–26, 31–33]. In most cases, however, 
the radial artery seems to be the dominant vessel in 
the distal forearm and, consequently, constitutes the 
major source of vascularisation to the hand [12, 14, 
16, 20–22]. In all our cases the SUA was less domi-
nant at the level of the wrist. The SUA may also be 
accompanied by anomalies of the palmar arches or 
forearm muscles [31–33].

Clinical significance

The SUA which runs beneath the skin may be-
come vulnerable to iatrogenic or self-inflicted injuries  
[1, 4–8, 14, 17, 23–25, 31]. Presence of the SUA 
may influence vascular and reconstructive procedures 
as well as evaluation of angiographic examination  
[1, 4–8, 14, 17, 23–25, 31]. An unexpected atypical 
artery, running superficially, may also be a cause of 
complications during medical procedures, because 
incidental damage of such a vessel may cause distal 
limb ischaemia [14, 23]. 

Reports regarding the presence of SUA in a variety 
of clinical situations occasionally occur in medical 
literature. For example, Salunke et al. [23] reported 
a case of 22-year-old male who had sustained a glass 
cut injury to his right forearm and bleeding from the 
damaged radial artery. During revision of the wound, 
a large but intact superficial artery was found on 
the ulnar side of the surgical site. The diagnosis of 
SUA was confirmed in this case based on ultrasound 
Doppler examination and clinical assessment of the 
absence of the ulnar artery in its normal position 
[23]. Chin and Singh [5] conclude, based on their 
clinical experience, that SUA may cause a potential 
hazard in patients with difficult venous access. Those 
authors stress close relations of the SUA to the basilic 
vein which cause, that this aberrant artery may be at 
risk of unintended vascular puncture. They describe 
a case of a 53-year-old former heroin addict (which 
caused venous access difficulties), to gain intravenous 
access, a “non-pulsatile superficial vessel” was found 
in the right ventro-medial forearm, that resembled 
a venous channel. However, during an attempt at 
cannulation, blood was observed to flow rapidly up 
into the intravenous fluid tubing [5]. The cannulated 

vessel was identified as SUA. Chin and Singh [5] stress, 
that presence of the aberrant SUA should be kept in 
mind when the venous access is performed in the 
antecubital fossa or on the ventro-medial aspect of 
the forearm. Schonauer et al. [24], in turn, stress that 
SUA is a rare finding but shows significant surgical 
implications. When properly diagnosed, the presence 
of the SUA may also help during reconstructive sur-
geries; the SUA flap may be an excellent solution for 
soft tissue reconstruction [7, 24].

Salunke et al. [23] proposed a series of clinical 
recommendations to reduce the risk of complications 
when dealing with unexpected vascular variations. 
Those recommendations involve: using of intraoper-
ative Doppler ultrasound during reconstructive and 
orthopaedic procedures, tracing arterial vessels at 
their normal anatomical location while using neuro-
vascular structures as landmarks and careful preop-
erative assessment of the vascular anatomy.

Limitations of the study

There are some limitations as a result of the time 
and method of the specimen creation. For instance, 
not all branches of the common interosseous artery 
could be traced because it was impossible to reach the 
deeper muscle layers without damaging of the spec-
imens. However, so far researchers refer to historical 
sources that still may be an inspiration for in-depth 
research on anatomical variations [3, 9, 14, 19, 21, 
22]. Finally, the analysis of anatomical variations can 
contribute to obtaining an actual, not idealised image 
of the inside of the human body, which is crucial in 
everyday clinical practice [34].

CONCLUSIONS
The SUA shows diverse anatomy regarding its 

topography and blood supply territory. It may origi-
nate from the brachial artery in the lower third of the 
arm. It may give off the common interosseous artery, 
however in some instances the common interosseous 
may arise from the radial artery. The ulnar recurrent 
branches may also be absent. In rare cases the superfi-
cial ulnar may arise below the interepicondylar line of 
the humerus, from the radial artery. The blood supply 
territory of the SUA may thus be highly variable.
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The sinuous canal is an anatomically well-defined intramural canal of the maxillary 
sinus (MS) folded within the antral walls. Commonly, its first, infraorbital part, 
courses within the antral roof, while its second, transverse facial part courses 
below the infraorbital foramen within the anterior antral wall. While retrospective 
files of patients that were scanned in cone-beam computed tomography (CBCT) 
for different dental medical purposes were observed randomly, a peculiar variant 
of the sinuous canal was noticed and further documented. The respective canal 
origin was far posterior in the infraorbital groove and the canal coursed through 
the MS embedded within an incomplete oblique septum dividing the antrum into 
anterosuperior and posteroinferior chambers. Then the sinuous canal continued 
with the transverse facial segment. As the sinuous canal contains the superior 
anterior alveolar nerve and artery, major suppliers of the frontal teeth, it is recom-
mended to document in CBCT a possible transantral, and not intramural, course of 
it, especially when surgical or endoscopic corridors through the MS are planned. 
(Folia Morphol 2022; 81, 1: 234–236)

Key words: superior anterior alveolar nerve, infraorbital nerve, 
infraorbital canal, maxillary sinus

INTRODUCTION
The canalis sinuosus (CS) diverts from the infraor-

bital canal (IOC) allowing passage for the anterior 
superior alveolar nerve (ASAN) and anterior superior 
alveolar artery (ASAA) that branch from the infraor-
bital neurovascular bundle [8, 9]. Forming in the roof 
of the maxillary sinus (MS) and usually ending at the 
base of the anterior nasal spine, it has an anterome-
dial direction through the maxillary walls, passing 
inferior to the infraorbital foramen (IOF) [13].

The double curvature along the course of the 
canal is what attributed the term “sinousus” to its 
name. Usually, it tunnels from the IOC through the 
orbital floor (the primary segment of the CS) to reach 
the anterior antral wall where it takes a sharp turn 
downward and medial to reach the nasal lateral wall, 

in front of the anterior end of the inferior concha. 
From there it angles again, following the contour 
of the anterior nasal aperture, towards the anterior 
nasal spine [4].

Although its passage is described as a sinuous 
path folded to the maxillary walls all the way from 
the IOC to the anterior maxillary region, the CS can 
have a more direct path through a MS septum. To 
our knowledge, an intraseptal, transantral variant of 
the CS has not been reported before. 

Taking into consideration the clinical implications 
of damaging the ASAN during surgical procedures 
such as Caldwell-Luc, sinus floor elevation, and antros-
tomy, surgical interventions in the posterior maxillary 
region require detailed knowledge of maxillary sinus 
anatomy and possible anatomical variations [6].

https://orcid.org/0000-0002-8723-0540
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CASE REPORT
During an evaluation on cone-beam computed to-

mography (CBCT) archived files, a unilateral transant-
ral course of the CS was found in a 56-year-old female 
patient. As described in previous studies, the CBCT 
patient file was scanned with an iCat CBCT machine 
(Imaging Sciences International; Hatfield, PA, USA) 
with the settings: resolution 0.250 pixels/inch, field 
of view 130 mm, and image matrix size 640 × 640 
pixels [9, 10]. By using the iCatVision software, the 
CBCT data were exported as a single uncompressed 
DICOM file, which was further analysed using the  
Planmeca Romexis Viewer 3.5.0.R software. The patient 
had given written informed consent for all medical 
data to be used for research and teaching purposes, 
provided the protection of the identity is maintained. 

The right side presented no abnormal pattern of 
the CS, and a single antral septum was noticed in the 
maxillary sinus. On the left side, endosinus anatomy 
was different (Fig. 1). Two antral septa were found, 
one attached to the sinus roof below the infraorbital 
groove (IOG), and another one below the first, that 
ended on the MS floor in the premolar area. Both 
septa were located in the same anatomical plane 
having an anteroinferior direction. A transantral 
course of the left IOC was found in the superior 
septum. Within the inferior septum, another canal 
coursed from the IOG, through the MS, to the an-
terior antral wall where it continued beneath the 
IOF with a transverse course. This was therefore 
assessed as CS with the first segment being equally 
transantral and intraseptal. 

Figure 1. Transantral canalis sinuosus embedded within an incomplete intrasinus septum; A. Three-dimensional volume rendering, postero- 
-infero-medial view of the left maxillary sinus; B. Three dimensional volume rendering, anterior view of the left maxilla, digitally reconstructed 
canals; C. Planar coronal cut of the left maxillary sinus; D. Digital orthopantomogram of the left maxillary sinus; 1 — infraorbital groove; 2 — 
incomplete oblique septum; 3 — transantral course of the first segment of the canalis sinuosus, from the infraorbital groove to the anterior 
antral wall; 4 — infraorbital canal; 5 — infraorbital margin; 6 — infraorbital foramen; 7 — intramural transverse facial segment of the canalis 
sinuosus; 8 — canalis sinuosus’ origin from the infraorbital groove. Measurements were taken on sagittal cuts and applied in the figures. 
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DISCUSSION AND CONCLUSIONS
It is considered that the CS “has been little ex-

plored and many practitioners have no knowledge 
of its presence and location” [1] and that “many 
surgeons do not know much about this anatomical 
structure” [4].

The CS prevalence ranges between studies from 
15.7% to 100%, and in a recent CBCT study [1], it 
was found that only 54.14% of patients present-
ed bilateral CS. This implies that although the CS is  
a well-described anatomical structure, its presence is 
not easily traceable.

Anatomical transantral passage is not uncom-
mon knowledge, as it has been presented before for 
other structures like the IOC [2]. Still, to the authors’ 
knowledge, a transantral variant of the CS has not 
been described yet. Even more peculiar, the canal 
is situated in the bony confinement of a septum, 
making it insidious to clinicians in the absence of  
a complex radiological investigation.

The maxillary sinus septa are of interest, especially 
when performing surgical procedures such as sinus  
lift [5] or even Le Fort I osteotomy [11]. These barriers 
of cortical bone can arise from the antral floor or walls 
as primary or secondary septa to partially or complete-
ly separate the sinus into two or more cavities [7].  
As secondary septa appear based on progressive 
pneumatisation of the MS in edentulous patients, in 
this case, both septa that have been found could be 
regarded as primary ones.

In endonasal endoscopic approaches of transmax-
illary-transantral surgical intervention routes, large 
portions of the medial antral wall, as well as other 
bony structures along the way, might be removed. 
The purpose is to gain access to the posterior max-
illary sinus wall in the attempt of removing lesions 
in the pterygopalatine fossa [3] or to approach the 
Meckel’s cave [12].

Because of it being featured as a small, poor-
ly recognised bony canal, the CS usually gets ac-
knowledged when postsurgical complications such 
as haemorrhage, pain, anaesthesia, and paraesthesia 
appear [4]. Therefore, in surgical procedure planning, 
the transantral variant of CS should be taken into 
account, and careful evaluation of three-dimensional 
radiological investigation of the antral septa is rec-
ommended.
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Background: Commonly, arterial anatomic variants are reported as single entities. 
However, different such variants can occur in a single patient. 
Materials and methods: During a retrospective study of computed tomography 
angiograms of 52 adult patients, 2 cases were found with unilateral maxillofacial 
trunks. In each case different other anatomic variants were documented.
Results: The maxillofacial trunk in the first case was associated with bilateral 
posterior kinks of the internal carotid artery which passed beyond the transverse 
processes of the atlas vertebra and indented and displaced the internal jugular 
veins. Common carotid origins of the superior thyroid arteries were found, as well 
as a high origin of the contralateral facial artery. In the second case a plethora 
of variants were associated with a unilateral maxillofacial trunk: 1) direct oc-
cipital-vertebral arterial anastomosis; 2) ipsilateral atresia of the distal vertebral 
artery and of the A1 segment of the anterior cerebral artery; 3) bilateral atresia 
of posterior communicating arteries; 4) linguofacial and labiomental trunks;  
5) terminal trifurcation of the external carotid artery.
Conclusions: The arterial anatomical variants of the head and neck should be 
carefully documented prior to specific surgical and interventional procedures, as 
well as for understanding the compensatory anatomical pathways of circulatory 
insufficiencies. (Folia Morphol 2022; 81, 1: 237–246)

Key words: vertebral artery, carotid artery, circle of Willis, maxillary 
artery, facial artery

INTRODUCTION
The external (ECA) and the internal (ICA) carotid 

arteries are the terminal branches of the common 
carotid artery (CCA), leaving it in the carotid triangle 

of neck [32], typically at the level of the upper border 
of the thyroid cartilage. 

The ECA further sends off its collateral branches: 
the superior thyroid artery (StA), lingual artery (LA), 
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facial artery (FA), ascending pharyngeal artery (APA), 
occipital artery (OA) and posterior auricular artery 
(PAA). Commonly, the ECA divides terminally into the 
maxillary (MA) and superficial temporal (STA) arteries. 
Rarely, the ECA could trifurcate terminally, the third 
added branch being either the middle meningeal ar-
tery (MMA), or the transverse facial artery (TFA) [31].

Different common trunks could result after the 
fusion of the ECA branches, such as the thyrolingual, 
linguofacial and thyrolinguofacial trunks [4, 20]. The 
maxillofacial trunk (MFT) is an extraordinary arterial 
variation in man [28]. Although few authors were 
quoted by Pretterklieber et al. [28] for listing this last 
arterial variation, they did not provide supportive ev-
idence [4, 15]. In the online “Illustrated Encyclopedia 
of Human Anatomic Variation” Bergman et al. [3]  
documented that the origin of the MA is constant 
and very rarely it leaves the FA to course upwards 
into the infratemporal fossa. 

The posterior cerebral circulation is supplied by 
the vertebrobasilar system of arteries. The vertebral 
arteries (VAs) commonly join in the posterior cranial 
fossa to form the basilar artery (BA). This later sup-
plies the circle of Willis, as the ICAs also do. Cerebral 
insufficiencies could result if anatomical variant lead 
to an incomplete circle of Willis, but they could be 
compensated by ECA-to-VA anastomoses.  

It was therefore aimed at documenting a retro-
spective lot of computed tomography (CT) angio-
grams for the MFT variant and whether, or not, other 
anatomic variations are associated with it.

MATERIALS AND METHODS
The anatomic variations reported here were found 

during a retrospective study of CT angiograms from 
52 adult patients, a 68-year-old female patient (case 1)  
and a 57-year-old male patient (case 2). For the 
CT studies an iodine radiocontrast agent (Ultravist  
370 mg/mL) was injected in the brachial vein, fol-
lowed by 20 mL saline medium. The CT was per-
formed with a 32-slice scanner (Siemens Multislice 
Perspective Scanner), using a 0.6 mm collimation 
and reconstruction of 0.75 mm thickness with 50% 
overlap for multiplanar and three-dimensional volume 
rendering technique [31]. The arterial variants were 
documented with the Horos software. The research 
was conducted ethically in accordance with The Code 
of Ethics of the World Medical Association (Declara-
tion of Helsinki). Informed consent for anonymous 
use of the data with scientific purposes was signed 

by patients. The manuscript was tacitly approved 
by the responsible authorities where the work was 
carried out.

RESULTS
Two of the 52 (3.8%) cases presented each the 

exceptionally rare arterial variation — unilateral MFT. 
Moreover, in each case different other rare variations 
were found and are listed in Table 1.

Case 1: Left maxillofacial trunk

In this first case, the right CCA bifurcation was 
posterior to the tip of the greater horn of the hyoid 
bone, at 1.28 cm deep to the gonial angle (Fig. 1), 
at the level of the 3rd cervical vertebra. Prior to its 
bifurcation the CCA was sending off the StA, which 
originated above the greater horn of the hyoid bone 
and coursed inferiorly, over that bone. Immediately 
as the respective ECA left the carotid bifurcation 
it gave off from its anterior side the LA of which 
initial segment was coiled and continued inferiorly 
towards the greater horn. Above the origin of the 
LA, at the level of the 2nd cervical vertebra, three 
major vessels had parapharyngeal posterior kinks, 
folded into each other: the ECA, ICA and the inter-
nal jugular vein (IJV) (Fig. 1). These kinks were at  

Table 1. Anatomic variations encountered in the 2/52 cases 
found with maxillofacial trunks

Anatomic variation Case 1 Case 2

Maxillofacial trunk U U

ICA folded into the IJV B –

CCA origin of the StA B –

Os stylo-hyale B –

High origin (C2) of the facial artery U –

CB origin of the StA – B

Os cerato-hyale – B

Occipital-to-vertebral arterial anastomosis – U

Terminal trifurcation of the ECA – U

Aberrant course of the STA

Aplasia of the distal segment of the VA – U

Aplasia of the A1 segment of the ACA – U

Aplasia of the posterior communicating artery – B

Linguofacial trunk – U

Labiomental trunk – U

ACA — anterior cerebral artery; B — bilateral; CB — common carotid artery bifurcation; 
CCA — common carotid artery; ECA — external carotid artery; ICA — internal carotid 
artery; IJV — internal jugular vein; STA — superficial temporal artery; StA — superior 
thyroid artery; U — unilateral; VA — vertebral artery
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Figure 2. Three dimensional volume renderisation, postero-infero- 
-lateral view, left side. The maxillofacial trunk (case 1); 1 — maxil-
lary artery; 2 — facial artery; 3 — lingual artery; 4 — greater horn 
of the hyoid bone; 5 — superficial temporal artery; 6 — middle 
meningeal artery; 7 — os tympano-hyale; 8 — posterior auricular 
artery; 9 — occipital artery; 10 — atlas vertebra; 11 — vertebral 
artery; 12 — posterior kink of the internal carotid artery; 13 — 
maxillofacial trunk; 14 — internal jugular vein; 15 — os stylo-hyale. 

Figure 1. Three dimensional volume renderisation, infero-medial 
view, right side (case 1); 1 — superficial temporal artery; 2 — 
middle meningeal artery; 3 — maxillary artery; 4 — os stylo-hyale; 
5 — posterior auricular artery; 6 — facial artery; 7 — external  
carotid artery; 8 — occipital artery; 9 — posterior kink of the in-
ternal carotid artery; 10 — coiled lingual artery; 11 — origin of the 
superior thyroid artery; 12 — greater horn of the hyoid bone; 13 — 
common carotid artery; 14 — internal jugular vein.

1.78 cm postero-medial to the mandibular ramus, 
and the kinks of the ICA and IJV were posterior 
to the frontal plane of the transverse processes of 
the axis vertebra. From the ECA’s posterior kink left  
a posterior branch — the OA, and an anterior one 
— the FA. The FA originated at 2.18 cm postero- 
-infero-medially to the mandibular foramen. Then, the 
FA turned laterally in front of the styloglossus muscle 
and further descended infero-laterally between the 
styloglossus and the medial pterygoid to reach the 
inferior border of the mandible. In that course the FA 
was placed between the parotid and submandibular 
glands. Above the anterior loop of the FA was an 
anterior loop of the ECA which turned laterally also 
in front of the styloglossus and gave off the PAA. 
After the PAA emerged the medial side of the ECA 
it ascended on its inner side. The ECA continued in 
the retromandibular fossa and bifurcated terminally 
postero-medial to the mandibular neck into the STA 
and MA. The MA coursed into the infratemporal fos-
sa deep to the inferior head of the lateral pterygoid 
muscle.

On the left side (Figs. 2, 3) the CCA bifurcated 
postero-superiorly to the tip of the respective greater 
horn of the hyoid bone, at the level of the 3rd cervical 
vertebra. The StA left the anterior side of the CCA, 
prior to its bifurcation. At 35 mm distally from its 
origin, the left ECA sent off a posterior branch — 
the OA, a medial one — the APA, and an anterior 
one — the LA. Then the ECA continued vertically for 
another 59 mm, being located antero-medially to  
a large posterior kink of the ICA which, in turn, was 
folded into the medial side of the IJV to get posterior 
to the frontal plane through the transverse process 
of the 2nd cervical vertebra. The left ECA divided 
terminally into the STA and MFT at 1.47 cm deep 
to the gonial angle. The STA initially looped anteri-
orly in the parapharyngeal space, then it continued 
posteriorly and passed behind the os stylo-hiale to 
enter the parotid space. At that level the STA gave 
off the PAA. 

The MFT looped anteriorly and then reached lat-
erally the medial pterygoid muscle to bifurcate into 
an ascending branch — the MA, and a descending 
one — the FA. The MA ascended posterior to the 
medial pterygoid muscle, on the medial side of the 
posterior mandibular border. Above the medial ptery-
goid muscle the MA reached the inferior head of the 
lateral pterygoid muscle and continued deep to it 
with a normal course. 
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Case 2: Right maxillofacial trunk

In the second case reported here there were found 
different unilateral combinations of anatomic var-
iants. 

On the left side the CCA had a high terminal 
bifurcation, which was at mid distance between the 
greater horn of the hyoid bone and the angle of 
mandible, at the level of the C3-C4 disc. From that 
bifurcation left off the StA. From the ECA first left the 
APA. Then the ECA sent off an anterior linguofacial 
trunk and the posteriorly directed OA, and continued 
deep to the gonial angle where it gave off the PAA. 
Then it passed beneath the tip of the styloid process 
with a medio-lateral course, to continue lateral to it till 
it reached the postero-lateral side of the neck of man-
dible (Fig. 4). Here it trifurcated terminally into the 
STA, MA and TFA (Fig. 4). The OA continued towards 
the occipital region where it sent off the descending 
branch. That branch further continued with a thinned 
and kinked anastomotic arch which joined the left VA 
into the intervertebral space between the transverse 

processes of the 2nd and 3rd cervical vertebrae (Fig. 4).  
The VA was further observed in the posterior cranial 
fossa and was noticed the aplasia of its distal seg-
ment (Fig. 5). The left VA was not contributing to 
the BA. Instead, it continued as left posterior inferior 
cerebellar artery (Fig. 5). When the circle of Willis was 
carefully observed it was also noticed the aplasia 
of the A1 precommunicating segment of the left 
anterior cerebral artery (ACA) (Fig. 5). The posterior 
communicating arteries were also absent. Therefore, 
the respective circle of Willis appeared incompetent. 

On the right side the CCA had also a high terminal 
bifurcation, at the level of the C3-C4 disc. Such as on 
the opposite side the StA left the CCA bifurcation. 
Then, from the right ECA were leaving the LA and 
the OA (Fig. 6). The LA’s initial segment was coiled 
medially to the initial segments of the ECA and 
ICA. Then, the ECA divided terminally immediately 
beneath the gonial angle into an anterior MFT and 
the STA (Fig. 7). 

On that side was found an os cerato-hyale lo-
cated beneath the tip of the styloid process (Fig. 6).  
The STA crossed posteriorly that os cerato-hyale and 

Figure 3. Three dimensional volume renderisation, infero-medial 
view, left side. The maxillofacial trunk (case 1); 1 — middle menin-
geal artery; 2 — superficial temporal artery; 3 —  os stylo-hyale; 
4 — posterior auricular artery; 5 — ascending pharyngeal artery; 
6 — internal jugular vein; 7 — posterior kink of the internal carotid 
artery; 8 — tip of the greater horn of the hyoid bone; 9 — origin  
of the superior thyroid artery; 10 — common carotid artery; 11 —  
maxillary artery; 12 — lingual artery; 13 — maxillofacial trunk;  
14 — facial artery.

Figure 4. Three dimensional volume renderisation, infero-lateral 
view, left side (case 2). The occipital-to-vertebral anastomosis. 
Terminally trifurcated external carotid artery. Linguofacial arterial 
trunk; 1 —  transverse facial artery; 2 — internal carotid artery; 
3 — occipital artery; 4 — linguofacial trunk; 5 — facial artery; 6 — 
external carotid artery; 7 — lingual artery; 8 — superior thyroid 
artery; 9 — superficial temporal artery; 10 — styloid process;  
11 — internal jugular vein; 12 — descending branch of the occipital 
artery; 13 —  occipital-to-vertebral arterial anastomosis; 14 —  
vertebral artery; 15 — maxillary artery.
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continued laterally posterior to the mandibular ra-
mus, crossing it at 1.13 cm above the gonial angle. 
It sent off the PAA and ascended laterally to the 
posterior border of the mandibular ramus (Fig. 7), 
behind the masseter muscle, with the superficial 
temporal vein on its lateral side. The STA gave off 
the TFA which ascended on masseter at the level of 
the mandibular notch and coronoid process. The STA 
continued laterally to the neck of mandible, covered 
by the superficial part of the parotid gland. It further 
ascended over the temporomandibular joint and 
posterior zygomatic root in the temporal region. The 
STA divided terminally at pterion into the frontal and 
parietal branches.

The respective right MFT trifurcated at the tip of 
the os cerato-hyale into inferior, middle and superior 
branches (Fig. 6). The inferior one was a glandular 
submandibular artery. The middle one was an ascend-
ing MA. The superior one was the FA. The FA initially 
descended below the inferior border of the mandible 

then it continued laterally to the body of mandible 
where it sent off a labiomental trunk (Fig. 8). The MA 
had an initial ascending course, first being posterior 
to the medial pterygoid muscle, then passing through 
it to reach the sulcus colli postero-superior to the 
mandibular foramen, at the inferior border of the 
lateral pterygoid muscle. From this level it continued 
superficially to the lateral pterygoid with a normal 
antero-superior course, intermingling with veins of 
the pterygoid plexus (Fig. 7). 

When the right ICA was observed above the skull 
base (Fig. 5) was noticed that the A1 segment of 
the right ACA was sending the A2 segments of both 
ACAs. The left pericallosal artery was leaving the A2 
segment of the left ACA immediately after this latter 
originated from the A1 segment of the opposite ACA.

Figure 5. Three dimensional volume renderisation, superior view of 
the skull base (case 2). Aplasia of the A1 segment of the left cere-
bral artery. Aplasia of the left distal vertebral artery; 1 — left per-
icallosal artery; 2 — left anterior cerebral artery; 3 — left internal 
carotid artery; 4 — left middle cerebral artery; 5 — dorsum sellae; 
6 — left posterior cerebral artery; 7 — left superior cerebellar  
artery; 8 — basilar artery; 9 — left posterior inferior cerebellar  
artery; 10 — left vertebral artery; 11 — right anterior cerebral 
artery; 12 — right internal carotid artery; 13 — A1 segment of the 
right anterior cerebral artery; 14 — right middle cerebral artery; 
15 — right posterior inferior cerebellar artery; 16 — right vertebral 
artery.

Figure 6. Three dimensional volume renderisation, anterior view, 
right side. Origin of the maxillofacial trunk (case 2); 1 — coronoid 
process; 2 — superficial temporal artery; 3 — maxillary artery; 
4 — facial artery; 5 — submandibular artery; 6 — maxillofacial 
trunk; 7 — common carotid artery; 8 — pterygoid plexus; 9 —  
internal carotid artery; 10 — styloid process; 11 — internal jugular 
vein; 12 — pharyngeal plexus; 13 — os cerato-hyale; 14 —  
vertebral artery; 15 — lingual artery; 16 — superior thyroid artery;  
17 — greater horn of the hyoid bone.
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DISCUSSION
The embryonic maxillofacial trunk 

During embryogenesis of the pharyngeal system 
six paired aortic arches develop bilaterally between 
primitive ventral and dorsal aortae [21]. The dorsal 
remnants of the first embryonic aortic arch coalesce 
with the hyoid artery which emerges the second aortic 
arch to form the hyostapedial artery [31]. From that 
latter emerge the primitive supraorbital artery and the 
embryonic maxillofacial trunk [31]. This embryonic 
trunk will give rise to infraorbital and mandibular 
branches and ultimately connects to the ECA, which is 
a derivative of the ventral aortic system [21, 31]. Com-
monly, the embryonic maxillofacial trunk becomes 
the definitive MA [25]. The primitive FA arises from 
the ECA and it could be speculated here that if the 
ECA origin of the FA glides cranially on the primitive 
maxillofacial trunk, the adult MFT would result. On 
other hand, if the primitive maxillofacial trunk, which 
is a dorsal aortic derivative, fuses with the FA bud, 
and not with the primitive ECA, it could also result 
the adult MFT. Nevertheless, if the initial segment of 
the definitive MA fails to insert on the ECA, it could 
be replaced by the ascending palatine artery from the 
FA, as documented in [28]. 

The maxillofacial trunk in human adult

The adult MFT appears as the common trunk of 
ECA origin of the MA and FA. This is different of the 
embryonic maxillofacial trunk which is the primor-
dium of the definitive MA. Seemingly, Quain (1844) 
[29] was the first who reported an adult MFT, which 
was found once in 302 cases. 

Pretterklieber et al. [28] reported a case with bi-
lateral MFTs which were dissected in an 88-year-old 
adult male. The MA had, such as in the 2 cases report-
ed here, two parts: an ascending one, followed by  
a pterygoid one. Dissections allowed the observation 
that the ascending part of the MFT-emerged MA ran 
straight upwards, covered by the posterior margin of 
the mandibular ramus and by the medial pterygoid 
muscle; further, the MA pierced that muscle between 
a tendinous dorsal and a fleshy ventral portion, to 
continue within the infratemporal fossa. On both 
sides the pterygoid part of the variant MA coursed 
deep to the inferior head of the lateral pterygoid 
muscle. In the present study, while in case 1 the MA 
ran deep to the lateral pterygoid muscle, in case 2 it 
was superficial to the respective muscle. 

Figure 7. Three dimensional volume renderisation, postero-infero- 
-lateral view, right side. Origin of the maxillofacial trunk (case 2); 
1 — internal carotid artery; 2 — styloid process; 3 — posterior 
auricular artery; 4 — occipital artery; 5 — vertebral artery; 6 — 
internal jugular vein; 7 — transverse facial artery; 8 — superficial 
temporal artery; 9 — maxillofacial trunk; 10 — facial artery; 11 — 
lingual artery.

Figure 8. Three dimensional volume renderisation, infero-lateral 
view, right side (case 2). The labiomental trunk; 1 — superficial 
temporal artery; 2 — superficial temporal vein; 3 — occipital  
artery; 4 — internal jugular vein; 5 — facial artery; 6 — transverse 
facial artery; 7 — facial vein; 8 — labiomental trunk.
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Different from humans, the MFT is a common 
phylogenetic trait and is a common finding in lag-
omorphs with extremely enlarged medial pterygoid 
and masseter muscles [28]. Therefore, a MFT in man 
should not be regarded as an atavism but as an 
ontogenetic adaptation of the arterial anatomy to 
enlarged masseter and medial pterygoid muscles [28].

The linguofacial trunk

The linguofacial trunk is a well-known possibility 
of variation in which the LA and FA could emerge from 
the ECA [12]. The incidence of the linguofacial trunk 
has been reported being 7% [2], 7.5% [26], 10% [5], 
18% [20], 20% [7, 40], or 21% [24].

The labiomental trunk

The anatomy of the FA was recently reviewed, 
being documented that the inferior labial artery it 
either branches at the cheilion and courses along 
the vermilion border of the inferior lip, or it branches 
below the cheilion and courses along the labiomental 
crease as an horizontal labiomental artery [17], such 
as in the case 2 reported here. The inferior labial artery 
and the horizontal labiomental artery are the main 
arteries used in the lower lip pedicle [18].

Kinked internal carotid arteries

As Paulsen et al. [27] documented, in most de-
scriptions the cervical part of the ICA runs a straight 
course to the base of skull. However, in 12/282 prepa-
rations (4.2%) kinks of the ICA were found [27]. 
These were documented for their relation with the 
pharyngeal wall, being found that in female patients 
the ICA kinks come in relation with the pharyngeal 
wall in 3.33% of cases [27]. Details on the uni- or 
bilateral evidence of such kinked ICAs were blurred 
by the material and methods that were used [27]. 
In case 1 were found bilaterally symmetrical antero- 
-posterior kinks of the ICAs which were extended 
posterior to a frontal plane through the transverse 
processes of the atlas vertebra. Moreover, they were 
either indenting medially, or displacing posteriorly the 
adjacent IJV. Such morphological variant brings the 
ICA and the IJV posterior to the vertebral vessels, this 
being important in spine and back surgery. As kinking 
of an artery is the angulation of arterial segments, it 
is often associated with stenosis [39]. A kinked ICA 
could be clinically significant and cause cerebral in-
farction [39]. Few reports detailed previously the IJV 
extrinsic compression caused by ICA compression [19].  

The IJV stenosis is characterized by a series of non- 
-specific symptoms determined by blood flow ob-
struction [19]. 

Incompetent circle of Willis

As in case 2 the A1 segment of the left anterior 
cerebral artery, as well as both, left and right, posteri-
or communicating arteries were also absent, the circle 
of Willis was regarded as an incompetent one. To that 
unfavourable anatomical disposition was added the 
distal aplasia of the left VA (Fig. 9). 

Aplasia of the A1 segment of the anterior  
cerebral artery and bilateral aplasia  
of the posterior communicating artery

The aplasia of the A1 segment of the left anterior 
cerebral artery was found in case 2. Thus both distal 
parts of the anterior cerebral arteries were supplied 
from the contralateral ICA. This is a rare finding, but 
the most frequently observed variation of the anterior 
cerebral artery [37]. Lippert and Pabst [20] indicated 
this variant to occur in 10% of cases, Carels et al. [6]  
found it in 10.5%, but Uchino et al. (2006) [37] ob-
served it in just 5.6% of cases. 

Figure 9. Drawing of a left lateral view updating the occipital-ver-
tebral anastomotic pattern of Lasjaunias et al. [16]; 1 — occipital 
artery; 2 — vertebral artery; 3 — posterior muscular branch of 
the 2nd intervertebral space; 4 — posterior muscular branch of the 
3rd intervertebral space; 5 — anastomotic channel of the 1st (at-
lantooccipital) space; 6 — anastomotic channel of the 2nd space; 
7 — posterior arch of Lasjaunias; 8 — descending branch of the 
occipital artery (Nomina Anatomica); 9 — anastomotic channel of 
the 3rd space (case 2).
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Lippert and Pabst [20] also indicated an incidence 
of 10% of the bilateral aplasia or hypoplasia of both 
posterior communicating arteries. The bilateral pos-
terior communicating artery atresia was listed as  
a variation in the configuration of the circle of Willis 
by Jinkins [14]. The unilateral aplasia of the posterior 
communicating artery was found in 3.5% of cases [9]. 
Alpers et al. [1] reported a prevalence of 0.6% of the 
unilateral absence of the posterior communicating 
artery. Saeki and Rhoton [33] credited Alpers et al. [1]  
for the incidence of the absent posterior communicat-
ing but in “Bergman’s Comprehensive Encyclopedia 
of Human Anatomic Variation” [4] this anatomic 
variation was attributed to Saeki and Rhoton [33]. 
As it appears, in Bergman’s Encyclopedia the possible 
bilateral absence of the posterior communicating 
arteries was not documented. 

Distal aplasia of the vertebral artery

Interestingly, on the side with the occipital-verte-
bral anastomotic channel (case 2) the distal part of 
that left VA was aplastic, thus it was not contributing 
to the formation of the BA, but it ended supplying the 
posterior inferior cerebellar artery. Such a unilateral 
aplastic distal VA was reported with an incidence of 
4.6% in asymptomatic persons by use of magnetic 
resonance imaging, while it has been reported as 
0.2% of cases after use of cerebral angiography [23]. 

The occipital-vertebral arterial anastomosis 

In the 4–5 mm embryos, a pair of neural arteries 
supply the hindbrain and anastomose with the ICA 
system through trigeminal, otic, hypoglossal and 
proatlantal arteries [8]. These are ventro-dorsal anas-
tomotic arteries or cervical somatic arteries [16]. The 
proatlantal (cervical somatic) arteries persist until the 
VAs develop [8]. Two types of proatlantal arteries are 
described: type 1, when the proatlantal artery arises 
from the ICA and courses above the atlas vertebra 
to enter the foramen magnum and join the VA, and  
type 2, which leaves the ECA and joins the VA outside 
the skull [8]. Different possibilities of regression of  
the proatlantal arteries determine the variation of the 
OA origin, either from the ECA, or from the ICA, or 
from the VA [16, 36, 38]. 

In the present study was found, among other 
variations, an anastomotic channel between the de-
scending branch of the OA and the VA in the 3rd 

intervertebral space (C2-C3 space). This should not 
be unusual, as in the anatomical and neuroradio-

logical literature is admitted that the OA and VA 
are anastomosed, usually by muscular anastomotic 
channels [16]. 

According to Lasjaunias et al. [16], from the as-
cending (cervico-occipital) portion of the OA two 
posterior muscular branches arise and project in the 
2nd and 3rd intervertebral spaces, respectively. The 
branch of the 2nd space anastomoses with the VA by 
an anastomotic channel of the 2nd space [16]. Further, 
from the horizontal (occipital) portion of the OA arise: 
(a) a direct anastomotic channel of 1st space, which 
anastomoses with the VA in that atlantooccipital 
space and (b) a posterior arch (descending branch) 
that anastomoses with the anastomotic channel of 
the 2nd space. 

Therefore, the anastomotic channel that was 
found here uniting the descending branch of the 
OA with the VA in the 3rd space appears as a novel 
finding to be added to the morphological pattern 
that was suggested by Lasjaunias et al. [16] (Fig. 9). 

If the occipital-vertebral anastomotic channel of 
the 3rd intervertebral space is regarded as a part of 
a general arterial picture (Fig. 10) it appears that it 
could play a certain role in supplying the ipsilateral 
middle cerebral artery with blood from the VA, thus 
it compensates the ipsilateral absent posterior com-
municating artery. However, on the opposite side the 
arterial anatomy indicates that the VA supplies both 
posterior cerebral arteries and the ICA supplies the 
ipsilateral middle and anterior cerebral arteries, as 
well as the contralateral anterior cerebral one. 

Richter [30] found in 25/30 cases segmental 
branches from the VA to the muscles of the neck, 
which supports the theory of Lasjaunias et al. [16]. 
Richter [30] observed filling of the OA that occurred 
once during vertebral angiography. Additionally he 
observed in 2 cases of ICA thrombosis the possibility 
of a compensatory occipital-vertebral flow [30]. In 
such a case with ICA thrombosis, Richter [30] found 
multiple small occipital-vertebral connections [10]. 
Schechter [34] observed in a retrospective study of 
1000 cerebral angiograms just 8 cases with occipi-
tal-vertebral anastomosis. This author demonstrated 
on angiograms small anastomotic pathways linking 
the vertebral system with the descending branch 
of the OA and discussed they can function in either 
direction, carotid-to-vertebral or vertebral-to-carotid  
[34]. Occipital-vertebral anastomoses built-up by 
muscular branches of the 2nd and 3rd intervertebral 
space ensured an ipsilateral ECA supply of the cer-
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Figure 10. Diagram of the arterial variation (superior view) in case 2.  
The ipsilateral vertebral-to-middle cerebral artery pathway is indicat-
ed with arrows; 1 — left common carotid artery; 2 — left external 
carotid artery; 3 — left internal carotid artery; 4 — left occipital 
artery; 5 — occipital-vertebral anastomotic channel of the 3rd inter-
vertebral space; 6 — left vertebral artery; 7 — right vertebral artery; 
8 — posterior inferior cerebellar arteries; 9 — basilar artery;  
10 — right posterior cerebral artery; 11 — left posterior cerebral 
artery; 12 — left middle cerebral artery; 13 — right middle cerebral 
artery; 14 — right anterior cerebral artery; 15 — left anterior cere-
bral artery; thin lines indicate the aplastic arteries: a — distal left 
vertebral artery; b, b’ — posterior communicating arteries; c — left 
A1 segment of the anterior cerebral artery.

ebral circulation in a case with occluded ICA [13]. 
The anastomotic channel of the 3rd space was also 
tortuous, such as in the present report.

Anastomoses of the carotid and vertebrobasilar 
systems exist or become apparent in different patho-
logical conditions (occlusions, arteriovenous malfor-
mations) [13]. The possibility for the occipital-verte-

bral anastomoses being constitutive was supported 
by a series of four cases with such direct anastomoses 
in the 1st (atlantooccipital space), when just two of 
these were associated with VA occlusion, the other 
two being not related neither to ECA, nor to VA occlu-
sion [35]. Rarely, the occipital-vertebral anastomosis is 
symptomatic (syncope, vertebrobasilar insufficiency) 
due to a vertebral steal phenomenon through the 
anastomotic channel [11]. The occipital-vertebral 
anastomoses are infrequently visualised on angio
graphies, although they are not uncommon [22].  
In the 2nd case reported here the occipital-vertebral 
anastomosis was seemingly of benefit to compensate 
the aplasia of different arterial suppliers of the circle 
of Willis. 

CONCLUSIONS
The arterial anatomical variants of the head and 

neck should be carefully documented prior to spe-
cific surgical and interventional procedures, as well 
as for understanding the compensatory anatomical 
pathways of circulatory insufficiencies.
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The study presented an extremely rare case of real complete bilateral duplication of 
inferior vena cava (IVC) in a male cadaver which has never been reported before. 
Both IVC had approximately the same diameter. The right IVC drained into the right 
atrium; the left IVC continued as hemiazygos vein and drained into the superior 
vena cava. Three anastomotic venous channels, a cranial preaortic, a middle and  
a caudal retroaortic, joined both vessels. Multiple variations in the way of drainage 
of posterior intercostal veins, on both sides, were also present. The present report 
invalidates an old classification defining the two vessels when joined at the level of 
the renal veins as complete bilateral duplication of IVC. Although the presence of 
combination of venous variations is extremely rare, awareness of such variations 
is essential for clinical and surgical procedures to avoid misdiagnosis and surgical 
complications. (Folia Morphol 2022; 81, 1: 247–253)

Key words: double inferior vena cava, rare variant, cadaveric study, 
clinical relevance, embryology

INTRODUCTION 
In human anatomy, inferior vena cava (IVC) is the 

largest single vein in the body which is responsible for 
the majority of venous return, as it drains the blood 
from the lower extremities and the abdominopelvic 
viscera. IVC is formed by the union of the common 
iliac veins anterior to the fifth lumbar vertebral body 
(L5) approximately 2.5 cm to the right of midline. It 
ascends on the right side of the body to the level of 
eighth thoracic vertebra (T8), and passes through the 
diaphragm to drain into the right atrium [30]. Because 
of the complexity of its developmental stages, IVC 
may be presented with numerous anatomical forms 
and variations [3, 21]. Congenital anomalies of IVC 

were first described in 1793 [1]. They are nowadays 
increasingly recognised in asymptomatic patients due 
to the more frequent use of non-invasive imaging 
techniques [15, 21]. Duplication of IVC is a relatively 
uncommon condition with a reported incidence of 
0.2–3% [4, 5, 9, 15, 18, 20].

Herein we present a case of an extremely rare var-
iant of a duplicated IVC associated with other vessel 
anomalies in a male cadaver. In addition to the anatom-
ical description, the development of veins with special 
reference to that of IVC as well as the previous reports 
for duplication of IVC are reviewed. An explanation of 
the underlying embryological changes is proposed. 
The clinical relevance of IVC variants is also discussed.
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CASE REPORT
During a routine anatomy dissection for under-

graduate medical students, in the Department of 
Anatomy, College of Medicine, King Saud University, 
Riyadh, Saudi Arabia, an abnormal left large vein 
was found to the left of the abdominal aorta in the 
posterior abdominal wall of an adult male cadaver. 
The anatomical variant was outlined from its begin-
ning distally and traced to its termination proximally. 
The venous channels in relation to such variant were 
checked for associated anomalies. The two common 
iliac veins were joined by a large anastomotic venous 
channel of approximately 1.5 cm in width and 2 cm 
in length, at the level of L5. They continued upwards 
as two separate vessels (right and left IVC) of ap-
proximately 1.6 cm in width, each. At the level of L4, 
both IVC were interconnected by a transverse venous 
channel, of approximately one cm in width and 2 cm 
in length, posterior to the abdominal aorta. At the 
level of L3, both IVC were reconnected by another 
transverse anastomotic channel of approximately  
1.2 cm in width and 1.2 cm in length, posterior to the 
abdominal aorta. At the level of the renal veins (L2), 
a third narrower and longer anastomotic channel, of 
about 0.5 cm in width and 5 cm in length, crossed 
anterior to the abdominal aorta and connected the 
right and left IVC. On the right side, one renal vein 
drained into the right IVC. On the left side, two renal 
veins, a superior and an inferior, drained into the left 
IVC. The right suprarenal vein and right testicular vein 
drained into the right IVC proximal and distal to right 
renal vein, respectively. The left suprarenal vein and 
left testicular vein drained into the left superior renal 
vein. The left IVC, preserving the same width (1.6 cm), 
continued in the thoracic cavity as the hemiazygos 
vein, anterior to the thoracic vertebrae. At the level 
of T4, the hemiazygos vein arched transversally from 
the left to the right, anterior to the bifurcation of the 
trachea to drain into the superior vena cava (SVC).  
A short accessory hemiazygos vein connected the arch 
of hemiazygos vein to the left brachiocephalic vein. 
The azygos vein, significantly smaller than the hemi-
azygos vein, arose from the right IVC, between the 
middle and cranial anastomotic venous channels dis-
tal to the right testicular vein, and ran upwards, from 
the right to the left side, to the thoracic cavity where 
it joined the hemiazygos vein, at the level of T6. The 
right IVC followed its normal course and drained into 
the right atrium of the heart. The posterior intercostal 
veins, on both sides, were checked for variations in 

the way of their drainage. The right 11th, 10th, 9th and 
8th posterior intercostal veins drained into the small 
azygos vein. The right 7th and 6th posterior intercostal 
veins drained into the hemiazygos vein. The right  
5th and 4th posterior intercostal veins drained into the 
arch of the hemiazygos vein. The right second and 
third posterior intercostal veins united to form the 
right superior intercostal vein which also drained into 
the arch of the hemiazygos vein. The left posterior 
intercostal veins from 11th to 7th drained into the 
hemiazygos vein. The left posterior intercostal veins 
from 6th to 4th drained into the accessory hemiazygos 
vein (Figs. 1–5).

DISCUSSION
Initially, at the fourth week of intra-uterine life, 

the anterior cardinal veins (ACV) and posterior cardi-
nal veins (PCV) drain cranial and caudal parts of the 
embryo, respectively. They join the common cardinal 

Figure 1. Gross appearance of the duplicated inferior vena cava; 
RIVC — right inferior vena cava; LIVC — left inferior vena cava;  
A — aorta; CHV — continuous hemiazygos vein; AHV — accessory 
hemiazygos vein; SVC — superior vena cava; arrow — preaortic 
anastomosis.
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veins (CCV) and form a symmetrical system. The right 
brachiocephalic vein is formed by the right ACV; the 
left brachiocephalic vein by the anastomosis between 
right and left ACV; and the superior vena cava by 
both right ACV and right CCV. During the sixth and 
seventh weeks of intrauterine life, the subcardinal 
and supracardinal veins, gradually replace and sup-
plement PCV. The only adult derivatives of PCV are the 
root of the azygos vein and the common iliac veins. 
The subcardinal veins form the stem of left renal vein, 
the suprarenal and gonadal veins; the supracardinal 
veins form the azygos and hemiazygos veins. The right 
renal vein and the remaining of the left renal vein are 
formed by an anastomosis between the subcardinal 
and supracardinal veins. Finally, the IVC is formed by 
the fusion of four different segments; a hepatic seg-
ment derived from the right vitelline vein, a prerenal 
segment derived from the right subcardinal vein,  

a renal segment derived from the subcardinal-supra-
cardinal anastomosis, and a postrenal segment from 
the right supracardinal vein [17].

Duplication of IVC has been reported previously 
in several forms. The most common form is one in 
which two distinct IVC arise from each iliac vein [22]. 
Usually, the left IVC ends at the level of the renal veins, 
crossing anterior to the abdominal aorta to join the 
right IVC [7, 15, 18]. This variation was defined by 
Natsis et al. [18] as “complete bilateral duplication of 
IVC” because it comprised both renal and infrarenal 
segments of IVC. They further subdivided it into three 
types; major (type I) with two bilateral symmetrical 
trunks and a preaortic trunk of the same diameter 
[24, 28], minor (type II) with two bilateral symmetrical 
trunks but smaller in diameter in comparison to the 
preaortic trunk [27, 31], and asymmetrical (type III) 
with three trunks asymmetric in size [8, 13]. The term 

Figure 2. Gross appearance of the duplicated inferior vena cava 
after partial dissection of the abdominal aorta (A); RIVC — right 
inferior vena cava; LIVC — left inferior vena cava; RCIV — right 
common iliac vein; LCIV — left common iliac vein; RRV — right 
renal vein, RSV — right suprarenal vein; RTV — right testicular 
vein; LSRV — left superior renal vein, LIRV — left inferior renal vein; 
LSV — left suprarenal vein; LTV — left testicular vein; CHV —  
continuous hemiazygos vein; arrow — preaortic anastomosis; 
arrowhead — retroaortic anastomosis; Double arrows — anasto-
mosis between common iliac veins.

Figure 3. The abnormal way of drainage of the right posterior inter-
costal veins from 2 to 11. The arch of continuous hemiazygos vein 
(CHV) and the superior vena cava (SVC) are reflected to the left;  
A — aorta; AV — azygos vein; LK — left kidney; RK — right  
kidney; RSIV — right superior intercostal vein.
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“incomplete bilateral duplication” was referred to cas-
es where the left IVC is smaller in diameter and empties 
into the left renal vein [10]. Other reported forms of 
duplication of IVC included double IVC with retroaortic 
right renal vein and hemiazygos continuation of the 
IVC [2, 4, 9, 21], and double IVC with retroaortic left 
renal vein and azygos continuation of the IVC [6, 21]. 
In cases of hemiazygos continuation, right IVC joins 
right renal vein which passes behind the aorta to join 
the left IVC that ascends as hemiazygos vein and either 
joins the rudimentary azygos vein in the thorax or the 
coronary vein of the heart through a persistent left SVC 
or continues as accessory hemiazygos vein to drain 
into the left brachiocephalic vein. In cases of azygos 
continuation, left IVC joins left renal vein which runs 
behind the aorta to join the right IVC that continues 
as azygos vein and drains into SVC. Petik [21] also 
reported a case of both continuous azygos and hemi-
azygos veins joining together supradiaphragmatically 
and draining into SVC.

The present case also reported multiple variations 
in the way of drainage of the posterior intercostal 

veins, on both sides. Normally, the right posterior 
intercostal veins, from 11th to 4th, drained into the 
azygos vein, while the right second and third posterior 
intercostal veins unite to form the right superior inter-
costal vein which drains into the arch of the azygos 
vein. On the left side, the posterior intercostal veins 
from 11th to 9th drained into the hemiazygos vein, 
while those from 8th to 4th drained into the accessory 
hemiazygos vein [30]. In the present study, the small 
azygos vein received only the right posterior inter-
costal veins, from 11th to 8th; the continuous hemi-
azygos vein received the 7th and 6th right posterior 
intercostal veins; and the large arch of the continuous 
hemiazygos vein received the right 5th and 4th pos-
terior intercostal veins, as well as, the right superior 

Figure 4. The abnormal way of drainage of the left posterior inter-
costal veins from 4 to 11; A — aorta; AHV — accessory hemiazy-
gos vein; CHV — continuous hemiazygos vein; AV — azygos vein.

Figure 5. Schematic illustration of the duplicated inferior vena 
cava, abnormal azygos system and abnormal way of drainage of 
posterior intercostal veins; RIVC — right inferior vena cava; LIVC —  
left inferior vena cava; RCIV — right common iliac vein; LCIV — 
left common iliac vein; RRV — right renal vein, RSV — right supra-
renal vein; RTV — right testicular vein; LSRV — left superior renal 
vein, LIRV — left inferior renal vein; LSV — left suprarenal vein; 
LTV — left testicular vein; CHV — continuous hemiazygos vein; 
AHV — accessory hemiazygos vein; SVC — superior vena cava; 
AV — azygos vein; arrow — preaortic anastomosis; arrowhead — 
retroaortic anastomosis; double arrows — anastomosis between 
common iliac veins.
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intercostal vein. On the left side, posterior intercostal 
veins from 11th to 7th drained into the continuous 
hemiazygos vein and those from 6th to 4th drained 
into the accessory hemiazygos vein. Variations in the 
azygos venous system were previously reported in 
few literatures. An underdeveloped hemiazygos vein 
was described associated with abnormal drainage of 
left posterior intercostal veins into the azygos vein 
[19, 23]. However, the multiple variations in the way 
of drainage of posterior intercostal veins, on both 
sides, described in the present case have never been 
reported before. Furthermore, the present study was 
the first to report a case of duplicated IVC associated 
with multiple variations in the way of drainage of 
posterior intercostal veins.

The present case possesses a complex combination 
of venous variations that, to the best of the authors’ 
knowledge, has never been reported before. We re-
port a case of duplicated IVC where both vessels, of 
same diameter, continue into the thorax; the right IVC 
drains into the right atrium and the left IVC contin-
ues as hemiazygos vein, joins the right IVC through 
the azygos vein, joins the left brachiocephalic vein 
through the accessory hemiazygos vein and finally 
drains into SVC. The present report invalidates the 
classification of Natsis et al. [18] and presents a “real 
complete bilateral duplication of IVC”. The present 
report also describes, for the first time, three large 
anastomotic channels between right and left IVC;  
a cranial preaortic, a middle and a caudal retroaortic. 
Furthermore, an explanation for the variations found 
in the case is suggested and illustrated in Figure 4. 
Variations are mostly due to persistence of a large 
portion of the left supracardinal vein, the supracar-
dinal anastomoses and additional portions of the 
left PCV, left CCV and left ACV. The left IVC with its 
hemiazygos continuation is mainly formed by the 
left supracardinal vein with small contributions from 
subcardinal supracardinal anastomosis, left PCV, left 
CCV and left ACV, while its terminal arch is derived 
from an anastomosis between the two ACV. The 
rudimentary azygos vein and the two retroaortic 
anastomotic channels are derived from supracardi-
nal anastomoses; the preaortic anastomotic channel 
from the subcardinal supracardinal anastomosis; the 
accessory hemiazygos from the left ACV. The left 
superior renal vein together with left suprarenal and 
left testicular veins are derived from the left subcar-
dinal vein, while the left inferior renal vein from the 
subcardinal supracardinal anastomosis. The right 

IVC together with its associated veins have a normal 
development (Fig. 6).

Because it is the principal vein draining all the 
intra-abdominal and pelvic organs, it is vital for sur-
geons, radiologists and clinicians to be aware of 
IVC normal anatomy as well as its variations. Most 
of cases of double IVC are asymptomatic and are 
discovered incidentally during abdominal imaging or 
during cadaveric dissections as in the present case. 
This is likely due to the compensation of adequate 
venous blood return to the heart created by the deep 
venous collateral systems [18]. Awareness of double 
IVC along with other vessels variations will help to 
eliminate the risk of haemorrhage, misdiagnosis or 
life-threatening complications during abdominal and 
thoracic surgeries and the risk of recurrent embolism 
during the placement of an IVC filter in vascular inter-
ventional procedures. In addition, awareness of such 
variations is necessary to prevent misinterpretation 
of aberrant vessels as paravertebral lymph nodes 
enlargement or mediastinal masses [6].

Inferior vena cava malformations were also report-
ed to be a predisposing factor to deep vein thrombo-
sis (DVT), especially in young patients. Accordingly, 
IVC anomalies should be alerted and excluded by 
clinicians if a young patient presented with an idio-
pathic DVT, especially when the intrathoracic hemia-
zygos or azygos systems are dilated in the diagnosed 
case [12]. Duplication of IVC has been reported to 
be associated with symptomatic venous thrombosis 
of lower extremities and with recurrent pulmonary 
thromboembolism [26]. 

Several double IVC case reports described associ-
ated abnormalities in the renal and gonadal vessels. 
Duplicated renal veins were reported to be more 
frequent on the right side as a result of persistence 
of anastomoses on that side and their regression 
on the left side [11]. In contrast to such reports, the 
present study reported duplication of the left renal 
vein resulting from an unusual persistence of the sub-
cardinal supracardinal anastomosis on the left side. 
In the literature, anomalies on the left side included 
retroaortic and circumaortic left renal veins [18]. An-
atomical variations in gonadal vessels were mainly in 
the form of duplications of testicular [31] or ovarian 
[25] veins, and they were more common on the left 
side [18]. Moreover, in patients with duplicated IVC, 
the left kidney is often lower in position than the right 
kidney due to the pull by the left IVC on the left renal 
vein [13, 16]. These venous abnormalities have led 
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to urogenital complications including obstruction of 
the ureter [29]. An atypical origin and course of the 
gonadal arteries might be associated with vascular 
and developmental variations of the kidneys [14]. Kid-
neys with bilateral multicystic changes were reported 
in cases of duplication of IVC [31]. The presence of 
the multicystic kidney might coincide with a high 
incidence of hydronephrosis and infections of the 
upper urinary tract and might result in deterioration 
of late renal function and secondary hypertension. 
Duplication of the IVC associated with vascular vari-
ations of the kidneys and gonads are important not 
only from the developmental point of view, but also 
have important clinical implications. These anomalies 
can manifest various clinical symptoms and can affect 
the approach to surgical procedures. The presence of 
duplication of the IVC poses hazards during abdom-
inal aortic surgery. The double renal arteries, renal 
arterial origin of the testicular arteries and atypical 

drainage of the testicular veins increase the com-
plexity of renal transplantation and lead to a higher 
percentage of transplant failures. Thus, familiarity 
with these anatomical anomalies is vital for vascular 
surgeons and urologists to reduce the risk of serious 
haemorrhage during surgical treatment and to avoid 
operative complications [31]. 

CONCLUSIONS
In conclusion, the present report presents an ex-

tremely rare complete duplication of IVC. Preoperative 
diagnosis of the IVC anomalies through accurate use 
of detailed imaging modalities would reduce the 
complication rate and would also help in planning 
a proper treatment as placement of preventive IVC 
filters. Finally, care should be taken during routine 
medical dissections and hopefully, the present case 
report will create the awareness that surely enlighten 
the academic fields.

Figure 6. Schematic diagram suggesting the origins of the duplicated vena cava and the associated vessel anomalies; white — anterior, pos-
terior and common cardinal veins; orange — supracardinal veins; red — subcardinal veins; green — subcardinal supracardinal anastomosis; 
blue — right vitelline vein.
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In our report we would like to present a variation of the two main superficial veins 
of the upper limb. In 21 (88%) explored upper limbs, the venous system showed  
a pattern similar to that presented in the anatomical textbook. However, in 4 (12%) 
others venous patterns differed from those already described. Especially in one 
of them the variant of the veins of the upper limb distinctly contrasted with the 
others. In that case, the basilic and cephalic vein, instead of the normal course 
to the arm where they should bypass the elbow pit, unexpectedly merged into 
one and formed one of the two brachial veins. Towards the axillary cavity it ran 
laterally over the entire arm regardless of the second brachial vein. In the armpit 
cavity, instead of connecting with the second one, it gave rise to an independent 
second vein — the accessory axillary vein. This uniqueness was based on that, 
independently from deep venous system, the superficial one formed their own net. 
The accessory axillary vein and the second brachial vein were completely formed 
by two main superficial veins: the basilic and cephalic vein. By describing this 
case we wanted to emphasize that in any surgical procedure on the upper limbs, 
especially on the venous system, there is a certain probability of encountering 
this anatomical variation. Another conclusion is that the catalogue of patterns of 
the venous system of the upper limb seems to be endless. (Folia Morphol 2022; 
81, 1: 254–257)
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INTRODUCTION
The nature of the human body inspires from the 

dawn of mankind to the present day. Despite new 
alternative methods, the anatomical dissection still re-
mains the golden standard in the study of the anatomy 
of the human body [7]. Searching of new patterns or 
variations of structures of the human body is the most 
important challenge for every anatomist [10, 12]. For-
mer postulates of clinicians addressed to anatomists, 

encouraging them to continue exploration of human 
body, have not lost their relevance [6, 8, 12].

Variations in the venous pattern of the upper limb 
are very common. Conventional textbooks describe 
the anatomy of the venous system of the upper limb 
as two layouts [11]. The first one is called superficial 
or superfascial and the second one — deep or sub-
fascial. These are not independent systems, but the 
existing anastomoses between them provide blood 
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flow from the superficial to the deep system, which 
ultimately delivers blood to the heart. The superficial 
system is represented by two main veins: the basilic 
vein and cephalic vein. At the level of the forearm and 
arm both these veins run along the inner and lateral 
side of the upper limb. Finally, in the middle of the 
arm, the basilic vein connects to one of the brachial 
veins and the cephalic vein joins the axillary vein in 
the deltopectoral triangle. The deep system consists 
of veins accompanying the arteries, whose names 
come from the accompanying arteries. Usually, in 
this system, there are two veins which run along one 
artery, except of the axillary and subclavian vein [7, 9].  
The number of anatomical variants of the veins of 
the upper limb seems countless. There are reports of 
new discovered variants of the veins of the upper limb 
constantly. Continuous update increases the number 
of anatomical variants of the veins of the upper limb. 
Updating these patterns is especially important in 
vascular procedures [6, 7].

CASE REPORT
During preparation of one of the upper limbs 

for the educational purposes an unusual pattern of 
superficial and deep veins system was noticed.  

As can be seen on the photography of the left 
upper limb was observed the unusual pattern of the 
basilic and cephalic vein (Fig. 1). Basically, the cephalic 
and basilic vein runs up along both side of forearm. 
Then, both veins enter the arm, avoiding the area of 
the cubital fossa but in our case they ran directly to the 
elbow pit where unexpected they both fused to form 
one of two main brachial veins. For this publication it 
was called superficial brachial vein. As can be seen on 
Figure 1 the second brachial vein has been formed fully 
separately by the veins of the deep system.

According to classical textbooks both brachial 
veins, near the armpit should join together to create 
singular axillary vein. As can be seen, each of brachial 
veins ran separately along the whole arm up to the ax-
illary cavity. They both became axillary veins and ran, 
still separately, upwards. The axillary vein, which was 
formed by the superficial brachial vein, was named 
the accessory axillary vein.

One has an irresistible impression when looking 
at the photograph that the blood flowing from the 
upper limb rolls along two independent vessel sys-
tems. One system runs superficially, independently of 
the arteries, up to the axillary cavity, the other one is 
located deeper and accompanies the arteries of the 

Figure 1. The unique pattern of veins of the left upper limb — the veins are blue; 1 — basilic vein; 2 — cephalic vein; 3 — “superficial”  
brachial vein — pulled up by probe; 4 — “deep” brachial vein — pulled up by probe; 5 — radial artery — pulled up by a garter; 6 — ulnar  
artery — pulled up by a garter; 7 — “superficial” axillary vein; 8 — “deep” axillary vein; 9 — brachial artery — pulled up; 10 — axillary  
artery; 11 — singular radial vein; 12 — singular ulnar vein; for the clarity of photography — the nervous system was missed.
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upper limb. This pattern of blood circulation in the 
upper limbs seems to be unique and has not been 
published so far. 

The work was approved by the Local Ethics Com-
mittee of Pomeranian Medical University in Szczecin. 

DISCUSSION
The traditional anatomy texts offer a lot of de-

scription of the upper arm veins and are particularly 
abundant in regards to their variations [6, 8, 12].

Bardeleben [2] was one of the first authors to 
provide a systematic nomenclature of the veins of the 
upper limbs and their topography. He also described 
about 36 varieties. However, in none of them was  
a description similar to the presented case [2]. Also 
the detailed classification of the superficial and deep 
upper limb veins is given by Vazquez et al. [14]; 
however, among these 11 variants there is also no 
description similar to the presented case. 

Although the literature describes some types of 
anatomical variants of the veins of the upper limb, we 
have established that this pattern has not yet been 
published [1, 6, 8–10]. It has been found a report 
which describes an anatomical variant of the basilic 
and cephalic vein that is slightly similar to our case. 
But in their case the deep system was joined with 
the superficial system in the cubital fossa [11]. The 
occurrence of accessory axillary vein is estimated quite 
high, over 50%. Charpy [3] was the first to describe 
this variability, but there were no similar descriptions 
to the presented case. Similarly, Gusmao and Prates [5]  
in their observations noted that the basic branches 
forming the accessory axillary vein originated from 
the deep vessel system, which sometimes received 
the branches from the superficial system. The authors 
did not encounter the accessory axillary vein formed 
exclusively by the veins from superficial system [5]. 
Unlike the basilic vein, which is characterized by some 
topographic instability, many reports indicate a fairly 
stable course of the cephalic vein [10, 12]. However, 
several variants of the cephalic vein have been already 
described. Del Sol et al. [4] and Ukoha et al. [13] in 
their research indicated six pattern varieties of the vein 
course in the area of the ulnar fossa; however, none 
of the given variants was similar to ours. It may be 
another proof that variability of the cephalic vein is 
not a rare phenomenon, as it is supposed to be [1, 10, 
12]. Some authors have emphasized the importance of 
identifying some variants of cephalic vein for surgical 
procedures, especially vascular or orthopaedic [8, 10].

They especially point out some procedures, such 
as creation of arteriovenous fistulas, where transpo-
sition of veins in some variants could increase the risk 
of complications [1, 8]. Some authors suggest vein 
mapping before surgery to minimise the risk of some 
complications resulting from unexpected variants [1].

The presence of two large veins in the axillary 
cavity was demonstrated by ultrasound examination 
in patients undergoing vascular procedures. The au-
thors regarded one of these veins as the accessory 
axillary vein. At this point, should be emphasized the 
importance of radiologic tools in anatomical explo-
ration on the living. However, the authors concluded 
that anatomical dissection should be the basis for 
transferring the new anatomical pattern to other 
descriptions, e.g. radiological. 

The above conclusion can be seen when editing 
radiological or surgical atlases. Therefore, cross-sec-
tional studies should be still continued.

CONCLUSIONS
The catalogue of patterns of the upper limb ve-

nous system seems to be unlimited and should there-
fore be constantly updated. During each vascular sur-
gery the probability of anatomical and topographic 
variability of the venous system of the upper limb 
should be taken into account.
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I read with interest the article by Kim et al. [5] on 
description of a macroscopic and histological obser-
vations of the paratenon (PT) of the cruciate ligament 
in 43 human foetuses — “Paratenon of the cruciate 
ligaments of the knee: a macroscopic and histological 
study of human foetuses.” The authors described PT 
with a thick armour-like appearance distant from the 
infrapatellar fat pad. According to them the anterior 
cruciate ligament (ACL) is more deeply embedded in 
the PT compared to the posterior cruciate ligament. 
The PT is presented by abundant arteries and veins 
especially at and near the crossing between the liga-
ments and had a well-presented venous plexus.

However, I would like to make my modest com-
ments about the enveloping tissue of the knee liga-
ments. I do not agree with the author’s statement that 
the tissue around the cruciate ligaments should be 
termed PT. Firstly, when describing the tissue around 
ligament structure is more logically and accurately to 
use the term epiligament (EL) [epi- (Greek — on or 
upon); ligament (Latin — ligare, to bind)] [2]. In 1990, 
Bray et al. [1] in their article “Fine vascular anatomy 
of adult rabbit knee ligaments” defined for the first 
time the term EL. Nowadays, the morphology of the 
EL of the ACL in human knee has been described in 
details by Georgiev et al. [3, 4]. After describing the 
EL morphology of the ACL and comparing it to medial 
collateral ligament of the knee, the authors formulate 
and propose a new theory about the ACL healing 
failure. Also I could not agree that the careful removal 
of the PT along the cruciate ligaments is a critical 

step of knee surgery. There is no such an orthopaedic 
technique and why should we remove the EL in intact 
ACL as we know that the main blood supply to the 
ligament is localized in its EL tissue. Third, I could not 
accept the statement that the orthopaedic surgeons 
and interventional radiologists consider the PT as  
a basic anatomical tissue along a ligament, not along 
a tendon. When and why the clinicians accept that 
the PT is part of ligament structure? As I pointed out, 
the description of the structure should be included 
in its name.

In conclusion, I consider that the term PT should 
be directed only to the tendon. Its usage for describ-
ing of the ACL enveloping tissue will provoke embar-
rassment and could mislead the readers.
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