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Nucleus pulposus cells degeneration model: 
a necessary way to study intervertebral disc 
degeneration
Y.-X. Li, X.-X. Ma, Ch.-L. Zhao, J.-H. Wei, A.-H. Mei, Y. Liu
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The availability of an appropriate and reliable research model is helpful for re-
searchers to understand the occurrence and development of diseases. Historically, 
animal models have been beneficial in the study of intervertebral disc degenera-
tive diseases, but intervertebral disc degeneration (IDD) is a precise and complex 
process that needs to appear and occur in a specific tissue microenvironment, 
and animal degeneration models cannot fully simulate these parameters. These 
challenges must be overcome, especially when animal models cannot fully gen-
eralise the complex pathology of humans. In the past few years, the research on 
the cell disease model has made important progress, and the construction of the 
nucleus pulposus cell (NPC) degeneration model has become an indispensable 
step in studying the occurrence and development of IDD. Here, several different 
methods of constructing NPC degeneration models and indicators for testing 
the effect of modelling are introduced. The practical applications of cell models 
constructed by different methods are enumerated to screen and evaluate effective 
methods of establishing degenerative cell models and explore the mechanism of 
IDD. (Folia Morphol 2023; 82, 4: 745–757)

Key words: human cell model, intervertebral disc degeneration, disease 
modelling, nucleus pulposus cell, methods

INTRODUCTION
Intervertebral disc degeneration (IDD) is a multi-

factorial pathological process associated with lower 
back pain, which can lead to severe neurological dys-
function and disability [3, 95]. The intervertebral disc 
(IVD), as the joint connecting the vertebral body, is the 
most critical part of the spine’s load-bearing system, 
and it is also the earliest tissue in the human body 
to develop degenerative changes [83]. The nucleus 
pulposus, located in the centre of the annulus fibrosus 
and between the upper and lower endplate, is gelat-
inous, can carry a large number of water molecules, 
and has strong toughness, helping to buffer axial 

pressure and ensure the flexibility of the spine. The 
nucleus pulposus is essential to maintain the balance 
and steady state of the IVD [37]. The main patholog-
ical features of IDD are considered to be phenotypic 
changes, dysfunctions, decreases in the number of 
active cells, and decreases in the extracellular ma-
trix (ECM) content of nucleus pulposus cells (NPCs). 
These lead to a cascade event, which begins with 
changes in the local cellular microenvironment and 
progresses to damage to the structure and function 
of IVD [110]. A series of factors such as mechanical 
changes, imbalance of mitochondrial quality con-
trol, inflammation, and oxidative stress are involved 
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in promoting the occurrence of NPC degeneration 
[16, 22, 87, 99]. The new pharmacological strategy 
focuses on eliminating or reversing the degenerative 
cells in the degenerative IVD to prevent and treat 
intervertebral disc degenerative disease (IVDD) [27, 
125]. Therefore, it is urgent to establish a reliable 
disease model to study the molecular basis of IVDD 
to reproduce what happens in the human body in 
vitro. Historically, models built by non-upright walk-
ing animals cannot effectively simulate the changes 
experienced in human IDD [42]. Primate models are 
expensive and ethically burdensome, which causes 
this author to consider economic and technological 
conveniences and find compromises between larger 
animals and humans. In recent years, the public has 
called for minimizing the use of animals in research 
laboratories, also promoting the improvement of the 
in vitro model.

The traditional severe degenerative NPCs isolated 
from patients’ tissues are difficult to apply in a mon-
olayer cell expansion culture. Although normal or 
mildly degenerative cells can be further cultured, the 
experimental results are not significant. Therefore, it is 
urgently needed to build an effective degenerative cell 
model through different induction methods, which 
can not only enhance the credibility of the experiment 
and the persuasive power of the experimental data 
but also help society to have a clearer understanding 
of the occurrence and development of IVDD. In the 
past few years, there have been many methods to 
induce NPC degeneration, but the model establish-
ment lacks unified standards and has no systematic 
summary. Therefore, this paper will introduce several 
methods and model-effect evaluation indicators for 
inducing NPC degeneration to provide a reference for 
future screening and evaluation of effective methods 
for establishing degenerative cell models and explor-
ing the mechanisms of IVD degeneration.

NUCLEUS PULPOSUS CELLS 
DEGENERATION MODEL ESTABLISHED 

BY A PHYSICAL METHOD
The IVD comprises the nucleus pulposus, end-

plates, and annulus fibrosus. The nucleus pulposus 
in the central part is gelatinous, which can effectively 
retain moisture and has strong flexibility [53]. The 
osmosis of the upper and lower endplates is the main 
way NPCs metabolise nutrients. The outer fibrous an-
nulus, composed of a staggered distribution of elastin 
and type I collagen, has strong tension [2, 19, 95].  

These structures not only provide support for the IVD 
but also ensure the flexibility of the spine. However, 
this also exposes NPCs to various unfavourable en-
vironments, such as inadequate nutrient supply and 
long-term mechanical stress, including compression, 
shear stress, hydrostatic pressure, and tension [76, 
78]. The long-term effects of these factors will cause 
changes in the structural and biochemical composi-
tion of the IVD, accompanied by a series of pathologi-
cal changes, resulting in IVDD [32, 43]. It is particularly 
important to choose different modelling methods for 
different pathogeneses, according to which some 
researchers choose certain physical methods to in-
duce NPC degeneration (axial compression, transverse 
stretching, hyperosmotic stress, hypoxia, etc., Fig. 1). 
In the axial compression method, NPCs are placed in  
a pressure device with good sealing to compress the 
air containing 5% carbon dioxide (CO2) to provide 
different MPa pressure values and build NPC degen-
eration models [9, 44, 105]. In 2012, Ding et al. [15] 
used this method to construct a cell model and found 
that part of the pathological cause of IVDD induced 
by mechanical compression came from mitochondrial 
damage. Follow-up experiments showed that co-cul-
tures with bone marrow mesenchymal stem cells 
could inhibit compression-induced NPC apoptosis [8].  
The transverse periodic stretching method uses  
a transverse reciprocating stretching device to provide 
supracellular physiological tension for constructing  
a disease model [4, 14, 74, 100]. This method is also 
often used to build NPC degeneration models [115, 
118]. In 2019, Yang et al. [107] used the Flexercell 
tension system to build an NPC degeneration model 
and found that abnormal mechanical stress promot-

Figure 1. Simple schematic diagram of nucleus pulposus cells 
(NPCs) degeneration induced by commonly used physical methods.
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ed NPC apoptosis and accelerated the occurrence of 
IDD, while autophagy helped to reverse apoptosis. 
When the biological stress exceeds the physiological 
expansion pressure of NPCs, whether the process is 
either axial compression or transverse stretching, the 
apoptosis pathway is activated, the expression of the 
polysaccharide-protein gene is down-regulated [12], 
and the osmotic and hydrostatic pressures increase. 
Some research teams have studied the effect of os-
motic pressure on NPC biology because the change 
of osmotic pressure is a secondary change under 
biological stress. For example, in 2014, Dong et al. 
[18] established a rabbit NPC degeneration model by 
increasing the osmotic pressure of the culture medi-
um and found that high osmotic pressure activated 
p38 mitogen-activated protein kinases (p38MAPK), 
mitogen-activated protein kinase 8/9 (JNK1/2), and 
mitogen-activated protein kinase 3/1 (ERK1/2) path-
ways in rabbit NPCs. The activated p38MAPK and 
JNK1/2 pathways induced NPC apoptosis, while the 
activated ERK1/2 pathway was beneficial to cell sur-
vival. The change in oxygen content is also closely 
related to NPC degeneration. In 2016, Choi et al. [10] 
successfully induced NPC degeneration by adjusting 
the oxygen concentration in an incubator from 21% 
to 1% (5% CO2 and 94% nitrogen) in cultured cells 
for 24 h. In addition, reducing the pH value of the 
culture medium and creating an acidic environment 
can also be used to construct an NPC degeneration 
model [106]. 

NUCLEUS PULPOSUS CELLS 
DEGENERATION MODEL ESTABLISHED 

BY A CHEMICAL METHOD
Inflammatory reactions are important patho-

logical mechanisms of IDD [84]. The overexpression 
of proinflammatory cytokines can destroy the ECM 
homeostasis of the IVD and induce degeneration 
and catabolism of the IVD [57, 71]. Neurotrophins 
are produced under the stimulation of inflammatory 
factors and promote nerve growth into the IVD, ac-
celerating the IDD cascade [30]. In addition, inflam-
matory factors have a negative effect on reparative 
stem cells [55, 73, 89, 101]. The chemical method to 
construct the NPC degeneration model is to simulate 
the inflammatory environment in the early stage of 
lumbar pathology caused by chemical reagents and 
drugs to establish the cell model (Fig. 2). This type 
of cell model is highly important for promoting the 
research of IVDD. In 2006, Aota et al. [1] found that 

toll-like receptors in bovine NPCs are sensitive to 
the binding of bacterial lipopolysaccharides (LPSs)  
(a microbial component found in the outer membrane 
of Gram-negative bacteria). Toll-like receptors are 
important regulators of the nuclear factor kappa-B 
signalling pathway and are closely related to cellular 
inflammation and degeneration [75]. In 2013, Kim 
et al. [49] successfully established a degeneration 
model of bovine NPCs induced by LPS and used this 
cell model to prove that inhibition of the myeloid 
differentiation primary response 88 pathway can 
effectively inhibit inflammation and anti-catabolism. 
Since then, many scholars have chosen this modelling 
method [17, 60, 116, 121, 124], and the LPS induction 
method has since become the most used and popular 
modelling method. In addition, interleukin-1 beta and 
tumour necrosis factor-alpha are important pro-in-
flammatory factors involved in cell differentiation and 
apoptosis by regulating various pathways, so they are 
also often used to induce NPC degeneration [7, 31, 
34, 47, 48, 117, 119, 123].

Some stressors can also be used to construct 
NPC degeneration models. These stressors strongly 
oxidize, which can destroy the normal redox state 
in cells, leading to the imbalance between the oxi-
dation and antioxidant systems [81]. These stressors 
can also stimulate cells to produce harmful mol-
ecules, such as damaged nucleic acids, proteins, 
and lipids, which may lead to the occurrence and 
development of chronic degenerative disease [98]. 
Hydrogen peroxide (H2O2) is a commonly used in-
duction reagent by researchers. As a type of reactive 
oxygen species, H2O2 can inhibit cell proliferation, 
cause oxidative damage to macromolecules in cells, 
and eventually lead to serious consequences, such 
as cell senescence, death, and mutation. Therefore, 
H2O2-induced oxidative stress cell models are widely 
used to explore the mechanism of free radical-medi-
ated cell injury and the protection and repair mech-
anism of antioxidants on oxidative damage [35, 64, 
72, 120]. In 2019, Tang et al. [93] used H2O2 to build 
a mouse NPC degeneration model to study the role 
of nuclear factor erythroid 2–related factor 2 (Nrf2) 
in NPC degeneration. It was found that Nrf2 can 
slow down NPC degeneration induced by oxidative 
stress by activating autophagy through feedback. 
Tert-butyl hydroperoxide (t-BHP) [70, 108, 122] can 
also be used to construct an NPC degeneration mod-
el. In 2016, Chen et al. [6] proved that metformin 
could inhibit the apoptosis and senescence of NPCs 
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induced by t-BHP by autophagy. In recent years, 
angiotensin II (AngII) has also been used to induce 
NPC degeneration [90]. The Ang II receptor type 1 
(AT1) receptor (G protein-coupled receptor) is the 
main biological medium of AngII. The combination 
of AngII and AT1 can promote the production of 
reactive oxygen species and the accumulation of 

pro-inflammatory cytokines and classically activat-
ed macrophages, resulting in NPC degeneration 
[13, 88]. In addition, advanced oxidation protein 
products [104], stromal cell-derived factors [69], 
polymethyl methacrylate [24], nitroprusside [59], 
and cobalt chloride [23] can also be used to establish 
an NPC degeneration model.

Figure 2. Simple schematic of nucleus pulposus cells degeneration induced by commonly used chemical methods; IL — interleukin; LPS —  
lipopolysaccharides; TNF — tumour necrosis factor; TLR — toll-like receptor; WNT — wingless-type MMTV integration site family; JNK — 
c-Jun N-terminal kinase; NF-κB — nuclear factor kappa-B; STAT — signal transducer and activator of transcription; MAPK — mitogen-acti-
vated protein kinases; ROS — reactive oxygen species.
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NUCLEUS PULPOSUS CELL 
DEGENERATION MODEL  

ESTABLISHED BY BIOLOGICAL  
OR BIOENGINEERING METHODS

An NPC degeneration model can also be con-
structed by changing the nutritional environment, 
increasing replication algebra, gene knockout, mi-
crobial co-culture, etc. (Fig. 3). Nucleus pulposus 
cells exist in a unique environment regarding their 
nutritional supply. The IVD has no direct vascular 
supply, so nutrients are provided to NPCs by capillaries 
that penetrate the subchondral plate and terminate 
at the boundary of the cartilage endplate. The NPC 
microstructure changes, such as reduced capillary 
density [63, 113], endplate calcification [25, 112], 
and metabolic disorders [54], will cause the IVD to 
degenerate. In 2018, Wang et al. [97] successfully 
established an NPC degeneration model by incubat-
ing NPCs of normal mice in high glucose for 72 h. In 
2017, Chang et al. [5] also successfully induced NPC 
degeneration by using a sugar-free medium. Amino 
acid and serum removal can also be used to construct 
an NPC degeneration model [61, 68]. The natural 

degeneration of NPCs is mostly related to age [51, 
79]. In 2019, Gong et al. [28] constructed a degener-
ation model by repeated cell passage, which proved 
that bone morphogenetic protein 7 could reduce 
the senescence of human IVD NPCs induced by the 
passage of time by activating the phosphoinositide 
3-kinase/protein kinase B pathway. Gene knockout 
and microbial co-culture are newer methods for NPC 
degeneration models. Kong et al. [52] construct-
ed a degenerative cell model by down-regulating 
the hsa_circ_0059955 gene of normal mouse NPCs 
and inducing NPC apoptosis and cell cycle arrest. In 
2020, He et al. [33] found that Cutibacterium acnes 
induce NPC degeneration by activating the NOD-like 
receptor thermal protein domain associated protein 
3 (NLRP3)-dependent pathway.

MODEL EFFECT EVALUATION INDEX
After choosing different ways to construct the 

NPC degeneration model, it is necessary to further 
evaluate the success of the model, the state of cell 
activity, the degree of cell damage, etc. Morpholog-
ical observation is a more intuitive way of detection 

Figure 3. A–D. Simple schematic representation of biological or bioengineered methods for inducing nucleus pulposus (NP) cells (NPCs) degeneration.
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because degenerative cells will appear as swelling, 
flattening, with reduced nuclear volume, and have 
loose adhesion in the shape of a linear semi-adherent 
[15]. Transmission electron microscopes are used to 
observe the subcellular structure, nuclear shrinkage, 
a large number of apoptotic bodies, chromatin con-
densation, and cytoplasmic vesicles containing more 
dense vesicles [8]. However, there is no quantitative 
standard to judge the quality of cell morphology, so 
this method cannot be used as an evaluation index 
alone, and it is often necessary to use it alongside  
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide, cell counting Kit-8, or terminal deoxynucle-
otidyl transferase mediated nick end labelling assays, 
flow cytometry, etc. to further evaluate cell activity.

Type II collagen, polyproteoglycans, and cell ma-
trix-degrading enzymes (matrix metalloproteinase 
[MMP] 3, MMP13, a disintegrin and metallopro-
teinase with thrombospondin motifs [ADAMTS] 4, 
and ADAMTS5) are often used as important indica-
tors of NPC degeneration [58]. Type II collagen and 
polyproteoglycan are produced by NPCs and play 
an important role in maintaining the flexibility and 
compression function of the IVD. The decrease in its 
content is the initial factor of IDD because it changes 
the integrity of the biomechanical structure of the 
IVD and destroys the metabolic balance of the ECM. 
Under the stimulation of pathological conditions, 
inflammation-related pathways are activated, and 
matrix-degrading enzymes, whose main function is 
to degrade type II collagen and polyproteoglycans in 
NPCs, are promoted to secrete. In degenerative NPCs, 
the content of type II collagen and polyproteoglycan 
decreased, while the cell matrix-degrading enzyme 
content increased. The degree of change was related 
to the degree of cell degeneration.

In addition, the content of some apoptosis-related 
marker proteins can also be used to evaluate the de-
gree of cell degeneration. Beta-galactosidase (β-galac-
tosidase) (senescence-associated beta-galactosidase 
[SA-β-gal]) is found only in degenerative senescent 
cells and accumulates gradually with cell degenera-
tion. Beta-galactosidase can hydrolyse β-galactosi-
dase into monosaccharides. A blue stain precipitate 
will appear when β-galactosidase is present under 
acidic conditions. Cell degeneration can be further 
evaluated by observing the colour of the precipitate 
under a microscope [20]. There is a close relation-
ship between caspase-3, B-cell lymphoma 2 (Bcl-2), 
Bcl-2-associated X protein (BAX), and apoptosis [109]. 

Caspase is a cysteine aspartic acid-specific protease 
in the cytoplasm, which is homologous to the suicide 
gene cell death protein 3 in nematodes and plays an 
important role in the process of cell senescence and 
degeneration [29]. B-cell lymphoma 2 contains two 
proteins: bcl-2 α and bcl-2 β. The bcl-2 α protein is 
an integrin of the mitochondrial membrane and plays 
a role in anti-apoptosis [85]. The BAX protein is inac-
tive when it does not receive apoptosis stimulation. 
After it is activated, it can destroy the integrity of the 
mitochondrial membrane, antagonize the function 
of Bcl-2, and promote apoptosis [91]. The effect of 
establishing an NPC degeneration model can be eval-
uated by the content changes of the above indexes.

The cell oxidation ability can also be used to evalu-
ate cell degeneration. Peroxidation often leads to cell 
dysfunction-induced degeneration, and malondialde-
hyde is one of the peroxidation products. The level 
of malondialdehyde content indicates the degree of 
cell damage and degeneration [38]. Superoxide dis-
mutase and deacetylase are related to antioxidation 
[77, 114], and the level of these enzymes reflects 
the intracellular oxidation state and can be used as 
a detection index for the construction of an NPC 
degeneration model. 

The key index to evaluating the modelling mode 
is to ensure the cell survival rate and successfully 
construct the degeneration model. The best way to 
induce degeneration is to have both the minimum 
cytotoxicity or damage and subsequently meet the 
needs of the experimental model. This makes it nec-
essary to try different variables in the same way, 
such as intensity, concentration, time, etc., and use 
evaluation indicators to select the best treatment 
conditions. In this paper, different modelling methods 
are classified and summarised from the aspects of 
physics, chemistry, and biological engineering. The 
results of the same treatment methods and different 
treatment conditions are compared, and the best 
treatment conditions of the current research methods 
are selected (Table 1) [7, 9, 10, 17, 18, 28, 33–36, 39, 
41, 44–46, 48, 50, 52, 56, 60, 62, 64–67, 70, 72, 80, 
92, 102, 105, 107, 108, 111, 115–118, 120–122, 124].

CURRENT CHALLENGES
The physical modelling method is simple and con-

trollable, causes less damage to cells, and is similar to 
the natural degeneration of NPCs, which is suitable 
for the pathological mechanism study. The modelling 
method is still not comprehensive, as treatments such 
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as radiation, ultraviolet irradiation, current stimula-
tion, low-temperature induction, and other cell mod-
elling methods have not yet been applied. Chemical 
modelling has a variety of methods, short modelling 
times, and is practically simple. It is widely used to 
study the relationship between inflammation, oxida-
tive stress, autophagy, and IDDs, but it causes varying 
degrees of damage to cells. A reasonable induction 
dose is particularly important for the success or failure 
of this modelling. The stability of the cell model con-
structed by a biological or bioengineering method is 
relatively poor, and it is not widely used at present. It 
is necessary to further explore the optimal conditions 
and optimize the induction method in the future.

Whether physical, chemical, biological, or bioen-
gineering methods are used, the purpose of inducing 
cell degeneration can be achieved by simulating 
the changes in external stimulation conditions of 
NPCs. Some of the mechanisms of cell degeneration 
overlap; for example, hypoxia induction can cause 
cells to produce oxidative stress and degenerate, 
similar to using stressors to stimulate NPCs in chem-
ical modelling methods. In the biological induction 
method, part of the reason for the construction 
of the NPC degeneration model with a microbial 
co-culture may be the inflammatory response of 
cells stimulated by microorganisms, which partially 
overlaps with the mechanism of the cell degenera-

tion model constructed by inflammatory factors in 
chemical methods. Although there may be the same 
mechanisms in different induction methods, the oc-
currence and development of IDD involve multiple 
factors and stages. The in vitro model construct-
ed by different methods can simulate the key sites 
or stages of specific lesions, which is conducive to  
a comprehensive and detailed study of IDD’s aetiol-
ogy and pathological mechanism.

Intervertebral disc degeneration resulting in pain 
and abnormal function of lower limbs, has become 
a serious problem in modern society, causing a huge 
economic burden [21]. Traditional surgery and drug 
therapy cannot satisfy the fundamental treatment 
goals. Changing IDD at the cellular, molecular, and 
genetic levels is the research goal for most research-
ers because in vitro experiments are controllable and 
accessible [26, 103]. The NPC degeneration model is 
an indispensable step in studying IDD’s occurrence, 
so choosing a reliable, feasible, and appropriate mod-
elling method is highly important to explore IDD’s 
aetiology and pathogenesis.

CONCLUSIONS
Nucleus pulposus is located in the centre of an-

nulus fibrosus and between the superior and inferior 
endplates. It has strong toughness and is an impor-
tant part of maintaining the balance and stability of 

Table 1. Common methods of constructing nucleus pulposus cell degeneration model and optimal treatment conditions

Research style Modelling approach Optimum condition References

Axial compression The cells are placed in a pressurizing device 
that increases the pressure

Pressure value: 1 MPa;  
Treatment time was 36–48 h

[9, 36, 44,  
45, 105]

Cyclic tension stretching The cells are stimulated by periodic stretching Tensile strength: 20%; Frequency: 1 Hz;  
Processing time: 4 to 6 h

[107, 115, 118]

Hypoxia-induce Reduce the oxygen in the incubator Oxygen content: 1%; The treatment time is 24 h [10, 39, 50, 56]

Hypertonic-induce Increase osmotic pressure of culture medium Osmotic pressure: 550 mOsm/kg;  
Processing time: 3–7 days 

[18, 41, 111]

LPS-induce An appropriate amount of LPS was added  
to the culture medium

Concentration: 10 µg/mL;  
The processing time is 48 h

[17, 60, 62, 116, 
121, 124] 

IL-1β-induce An appropriate amount of IL-1β was added 
to the culture medium

Concentration: 10 ng/mL;  
The treatment time is 24 h 

[7, 34, 48,  
80, 117]

H2O2-induce An appropriate amount of H2O2 was added  
to the culture medium

Dose: 400 µmol;  
The treatment time is 24 h

[35, 64, 72,  
102, 120]

TBHP-induce An appropriate amount of TBHP was added 
to the culture medium

Dosage: 50 µmol;  
The treatment time is 24 h

[70, 46, 67,  
108, 122]

Duplicator method Cells were cultured by multiple passages Passage times: 6 generations [28]

Gene knockout Knockdown of specific coding genes Gene name: hsa_circ_0059955 [52]

Biological induction method Co-culture with sustenance Microorganism: P. acnes [33, 65, 66, 92]

IL — interleukin; LPS — lipopolysaccharide; TBHP — tert-butyl hydrogen peroxide
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IVD. The notochord cells originating from the meso-
derm are wrapped in connective tissue derived from 
osteogenic knots and develop into nucleus pulposus 
tissue in the early stage of the embryo [82, 96]. There-
fore, there are chordate cells with large shape and  
a large number of vesicles in the early nucleus pulpo-
sus. With the maturation of the IVD, the composition 
of the nucleus pulposus changed: the number of 
large vacuolar cells considered to be the origin of the 
notochord decreased and gradually transformed into 
small chondrocyte-like cells with smaller morphology 
and no vesicles [11, 86]. With the “disappearance” 
of notochord cells in human nucleus pulposus, some 
signs of early IDD, such as decreased water content 
of nucleus pulposus and microfissures of annulus fi-
brosus, began to appear. Based on this phenomenon, 
many scholars speculate that early IDD occurs with 
the disappearance or degeneration of notochord cells 
[94]. However, in some animals, such as rabbits, cattle 
and dogs, there are a large number of notochord 
cells in the nucleus pulposus, and there is almost no 
degeneration of the IVD [40]. Therefore, based on 
the fact that IVD cells are different from human IVD 
cells, there are some drawbacks when using animal 
models; they do not mimic the pathological changes 
of human degenerative IVD diseases.

Intervertebral disc degeneration is a multi-factor 
and complex process, and the changes in external 
stimuli and internal physical and chemical properties 
are the two core elements of IDD. A variety of provid-
ed animal and cell models assist greatly in in-depth 
studying and overcoming the mechanism of IDD. 
Compared with animal models, cell models have the 
advantages of short modelling cycles, economic fac-
tors, obvious effects, and a better ability to simulate 
the internal environment. In constructing an NPC 
degeneration model, the physical modelling method 
can be the most similar to the NPCs’ natural degen-
eration, and the biological and chemical modelling 
methods can simulate the pathological environment 
to construct the model quickly. However, it is difficult 
to produce an in vitro model of NPCs induced by  
a single factor that meets the aetiology and patho-
genesis of IVDD. Second, chemicals and microorgan-
isms cause rapid degeneration through different de-
grees of cell damage. This is quite different from the 
degenerative cells in natural environments. Although 
the replicated model causes the least damage to the 
cells, the stability of the model is poor, and it is easy 
to generate apoptosis.

In summary, little is currently known about the 
cellular process of IDD’s occurrence and development. 
Although the in vitro model cannot fully simulate 
the aetiology and pathological mechanism of IDD, 
researchers can choose a model reasonably according 
to the phenotype or pathogenic pathway due to the 
in-depth study of these in vitro models. To further 
optimise the construction mode and evaluation cri-
teria of the cell model in the future, a suitable model 
can be constructed for pathological research or drug 
screening through differentiation analysis with natu-
ral degenerative cells to provide materials and basic 
data for exploring the mechanism and treatment 
strategy of IDD.
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Background: The goal of the present study was to provide accurate data on 
the prevalence and morphometrical aspects of the cranio-orbital foramen (COF), 
which can surely be of use by surgeons performing procedures on the lateral 
orbit. Furthermore, the embryology and the clinical significance of this osseous 
structure were thoroughly discussed.
Materials and methods: Major online medical databases such as PubMed, Scopus, 
Embase, Web of Science, and Google Scholar were searched to find all relevant 
studies regarding COF.
Results: Eventually, a total of 25 studies that matched the required criteria and 
contained complete and relevant data were included in this meta-analysis. The 
pooled prevalence of COF was found to be 48.37% (95% confidence interval [CI]: 
41.67–55.10%). The occurrence of the COF unilaterally was set to be 71.92% 
(95% CI: 41.87–96.97%). The occurrence of the COF bilaterally was set at 26.08% 
(95% CI: 3.03–58.13%).
Conclusions: In conclusion, we believe that this is the most accurate and up-to- 
-date study regarding the anatomy of the COF. The COF is prevalent in 48.37% 
of the cases, and it is most frequently unilateral (73.92%). Furthermore, the 
prevalence of accessory COFs was found to be 16.72%. The presence of these 
foramina may represent a source of haemorrhage that ophthalmic surgeons 
should be aware of when performing procedures in the lateral part of the orbit. 
(Folia Morphol 2023; 82, 4: 758–765)

Key words: cranio-orbital foramen, lateral orbit, whitnall tubercle, 
frontozygomatic suture

INTRODUCTION
The orbits are bilateral bony cavities in the facial 

skeleton housing numerous canals and foramina, 
which form connections with other neighbouring 
cavities of the skull. Oftentimes, these osteological 
structures are used as surgical landmarks by ophthal-

mic surgeons to define operating margins and locate 
nearby vulnerable neurovascular structures [28].

The cranio-orbital foramen (COF) is an ostial open-
ing in the lateral wall of the orbit, adjacent to the 
superior orbital fissure. The COF is known by different 
names, such as the meningo-orbital foramen, lacri-
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mal foramen, foramen of Hyrtl, spheno-frontal fora-
men, sinus canal foramen, and anastomotic foramen  
[9, 27, 30]. The foramen is said to contain an arte-
rial anastomosis between the orbital branch of the 
middle meningeal artery and the lacrimal artery [31]. 
Its prevalence, which has been widely discussed in 
the available literature and across all studies, ranges 
from 28% to 82.9% [9]. Moreover, the morphomet-
rical aspects of this osseous opening have also been 
a topic of discussion. These parameters include the 
distance between the supraorbital notch/foramen and 
the COF [1, 5, 21]. Furthermore, many studies have 
reported double or even triple accessory cranio-orbital 
foramina in cadaveric specimens [5, 21]. 

Knowledge about the prevalence and morphomet-
rical aspects of the COF may be of great importance 
for ophthalmic surgeons involved in orbital recon-
structions, anterior skull base procedures, orbital 
tumour resection, and decompression surgery for 
thyroid eye disease [1, 12]. During deep dissection 
of the lateral orbital wall, unexpected haemorrhage 
may complicate surgery if the COF is present.

Therefore, the goal of the present study was to 
provide accurate data on the prevalence and mor-
phometrical aspects of the COF, which can surely be 
of use by surgeons performing procedures on the 
lateral orbit. Furthermore, the embryology and the 
clinical significance of this osseous structure were 
thoroughly discussed. 

MATERIALS AND METHODS
Search strategy

Major online medical databases such as PubMed, 
Scopus, Embase, Web of Science, and Google Scholar 
were searched to find all relevant studies regarding COF. 
The search was conducted in July 2022. The following 
search terms were used: ‘cranio-orbital’ OR ‘cranio or-
bital’ OR ‘meningo-orbital’ OR ‘meningo orbital’ OR 
‘lacrimal foramen’ OR ‘Hyrtl foramen’ OR ‘spheno-fron-
tal foramen’ OR ‘sinus canal foramen’ OR ‘anastomotic 
foramen’. The search terms were adjusted to each of the 
databases in order to maximise the number of results. 
No dates, language, article type, and/or text availability 
conditions were applied. Subsequently, an additional 
search was carried out for references from the screened 
studies. During this study, the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines were followed. In addition, the Critical As-
sessment Tool for Anatomical Meta-analysis (CATAM) 
was used to provide the highest quality findings [7].

Eligibility assessment

The database search and the manual search iden-
tified a total of 3621 studies and were initially evalu-
ated by two independent reviewers. After removing 
duplicates and irrelevant records, a total of 956 arti-
cles were qualified for full-text evaluation. To minimise 
potential bias and maintain an accurate statistical 
methodology, articles such as case reports, case series, 
conference reports, reviews, letters to the editors, and 
studies that provided incomplete or irrelevant data 
were excluded. The inclusion criteria involved original 
studies with extractable numerical data on the prev-
alence, morphology, and anatomical relations of the 
COF. Finally, a total of 25 studies were included in this 
meta-analysis. The AQUA Tool, which was specifically 
designed for anatomical meta-analyses, was used to 
minimise the potential bias of included studies [13]. 
The flow chart presenting the study inclusion process 
is shown in Figure 1.

Data extraction

Data from qualified studies were extracted by two 
independent reviewers. Qualitative data, such as year 
of publication, country, and continent, were gathered. 
Quantitative data, such as sample size, numerical data 
regarding the prevalence of the COF, its morphology, 
and the distances between the COF and other ana-
tomical structures, were gathered. Studies containing 
mean results but without standard deviation or in-
terquartile range or unclear or unspecified variations 
were excluded. Any discrepancies between the studies 
identified by the two reviewers were resolved by con-
tacting the authors of the original studies wherever 
possible or by consensus with a third reviewer.

Statistical analysis

To perform statistical analysis, STATISTICA version 
13.1 software (StatSoft Inc., Tulsa, OK, USA), MetaXL 
version 5.3 software (EpiGear International Pty Ltd, 
Wilston, Queensland, Australia), and Comprehen-
sive Meta-analysis version 3.0 software (Biostat Inc., 
Englewood, NJ, USA) were used. A random-effects 
model was performed in all analyses. The chi-square 
test and I-square statistics were used to assess het-
erogeneity among the studies [14]. A p-value and 
confidence intervals were used to determine statistical 
significance between studies. A p-value less than 0.05 
was considered statistically significant. In the case of 
overlapping confidence intervals, differences were 
considered statistically insignificant. The statistics of 
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squares were interpreted as follows: values of 0–40% 
were considered ‘may not be important’, values of 
30–60% were considered ‘may indicate moderate 
heterogeneity’, values of 50–90% were considered 
‘may indicate substantial heterogeneity’, and values 
of 75% to 100% were considered ‘may indicate sub-
stantial heterogeneity’.

RESULTS
Eventually, a total of 25 studies that matched the 

required criteria and contained complete and rele-
vant data were included in this meta-analysis [1–3, 
5, 6, 9–11, 17–24, 26, 29, 31–33, 35, 37, 38, 40].  
The characteristics of each study submitted are shown 
in Table 1.

The pooled prevalence of COF (n = 5649) was 
found to be 48.37% (95% confidence interval [CI]: 
41.67–55.10%). The occurrence of the COF unilater-
ally (n = 926) was set to be 73.92% (95% CI: 41.87– 
–96.97%). The occurrence of the COF bilaterally  
(n = 926) was set at 26.08% (95% CI: 3.03–58.13%).

The pooled prevalence of COF in men (n = 1061) 
was found to be 50.52% (95% CI: 40.38–60.64%). The 
pooled prevalence of COF in women (n = 1061) was 
51.91% (95% CI 28.75–74.68%). Overall, there are no 
statistically significant differences in the occurrence 
of COF between men and women (p = 0.93).

The pooled prevalence of the COF on the left 
side (n = 773) was found to be 51.42% (95% CI: 
34.85–67.83%), as on the right side (n = 773) it was 
established at 47.63% (95% CI: 28.11–67.51%).

The pooled prevalence of the accessory COF  
(n = 257) was set to 16.72% (95% CI: 11.09–23.22%). 

Figure 1. Flow-chart presenting the inclusion process in this meta-analysis.

Records identied from
Databases (n = 3621)

Records removed before screening:
Duplicate records removed 

(n = 1382)

Records excluded
(n = 1283)

Records screened
(n = 2239)

Reports excluded:
— Irrelevance or incomplete data (n = 166)

— Case reports, case series, conference 
reports, reviews, letters to the editors (n = 765)

Studies included in meta-analysis
(n = 25)

Reports assessed for eligibility
(n = 956)

Table 1. Characteristics of published studies 

First author Year Continent Country

Mahajan et al. [24] 2020 Asia India

Simao-Parreira et al. [38] 2019 Europe Portugal

Modasiya and Kanani [26] 2018 Asia India

Silva et al. [37] 2017 South America Chile

Garapati et al. [10] 2016 Asia India

Macchi et al. [23] 2016 Europe Italy

Pratha and Thenmozi [33] 2016 Asia India

Agarwal et al. [2] 2015 Asia India

Celik et al. [5] 2014 Asia Turkey

Tomaszewska and  
Zelaźniewicz [40]

2014 Europe Poland

Chauhan and Khanna [6] 2013 Asia India

Krishna and Shenol [19] 2013 Asia India

Pankaj et al. [32] 2013 Asia India

Abed et al. [1] 2012 Europe United Kingdom

Jadhav et al. [17] 2012 Asia India

Babu et al. [3] 2011 Asia India

Krishnamurthy et al. [20] 2008 Asia India

O’Brien and  
McDonald [31]

2007 Europe United Kingdom

Erturk et al. [9] 2005 Asia India

Jovanovic et al. [18] 2003 Europe Serbia

Kwiatkowski et al. [21] 2003 Europe Poland

Lee and Chung [22] 2000 Asia Korea

Georgiou and Cassell [11] 1991 North America USA

Mysorekar and  
Nandedkar [29]

1987 Asia India

Santo Neto et al. [35] 1984 South America Brazil
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All the results mentioned above and the more detailed 
ones can be found in Table 2.

The mean maximal diameter (n = 944) of the COF 
was set at 0.969 mm (standard error [SE] = 0.140). 
For more detailed results, see Table 3.

The mean distance between the COF and the fron-
tozygomatic suture (n = 1347) was set to 26.89 mm 
(SE = 0.62). The mean distance between the COF and 
the supraorbital notch (n = 1347) was established 
at 34.95 mm (SE = 0.74). The mean distance be-
tween the COF and the Whitnall tubercle (n = 1347) 
was established to be 27.56 mm (SE = 0.62). The 
mean distance between the COF and the lateral angle  
(n = 1347) was established at 7.18 mm (SE = 0.76). 
For more detailed results and the analysis of distances 
on the sex and side of the patients, see Table 4.

DISCUSSION
Numerous anatomical studies have discussed the 

location, prevalence, and morphometric properties of 

the COF (Figs. 2–4) [1, 6, 17]. O’Brien and McDonald [31] 
conducted an anatomical study on the prevalence and 
the location of the COFs. In the study, the prevalence 
of this foramen was stated to be 73%. However, the 
location of the COF varied significantly, being found 
predominately where the frontosphenoidal suture had 
fused. This raised the question of whether the COF could 
create connections with the frontal rather than the 
middle cranial fossa. This communication was proved 
to exist in the aforementioned study, where 2 out of 
16 specimens contained this connection. Pankaj et al. 
[32] reported a significantly lower prevalence of this 
structure (36.02%) in their cadaveric study. However, 
they also reported an orbit-anterior cranial fossa com-
munication. Our results show that the COF is present in 
48.37% of the cases and occurs more frequently unilat-
erally (73.92%), than bilaterally (26.08%). Furthermore, 
the location of the COF within the orbit was proven to 
be quite variable. The COF was located most frequently 
in the greater wing of the sphenoid bone (26.28%) 

Table 2. Statistical results of this meta-analysis regarding the prevalence of the cranio-orbital foramen (COF)

Category Pooled prevalence N LCI HCI Q I2 P

Pooled prevalence of the COF 48.37% 5649 41.67% 55.10% 540.50 95.56 –

Pooled prevalence of occurrence of the COF in different locations

COF in the sphenoid bone 26.28% 793 17.29% 36.37% 15.21 80.28 –

COF in the frontal bone 25.69% 793 14.21% 39.09% 26.51 88.68

COF at the frontosphenoidal suture 15.06% 793 12.19% 18.17% 1.29 0.00

COF at the ossified frontosphenoidal suture 18.87% 793 0.00% 57.32% 224.57 98.66

COF at different locations 9.85% 793 0.00% 47.79% 282.18 98.94

Occurrence of unilateral or bilateral COF

Pooled prevalence of the unilateral COF 73.92% 926 41.87% 96.97% 25.74 92.23
0.36

Pooled prevalence of the bilateral COF 26.08% 926 3.03% 58.13% 25.74 92.23

Occurrence of COF regarding sex

Pooled prevalence of the COF in females 50.52% 1061 40.38% 60.64% 18.99 78.94
0.93

Pooled prevalence of the COF in males 51.91% 1061 28.75% 74.68% 105.24 96.20

Occurrence of COF regarding patients’ side

Pooled prevalence of the COF on the left side 51.42% 773 34.85% 67.83% 50.97 90.19
0.82

Pooled prevalence of the COF on the right side 47.63% 773 28.11% 67.51% 72.64 93.12

Occurrence of an additional COF

Pooled prevalence of the aCOF 16.72% 257 11.09% 23.22% 3.10 35.56 –

LCI — lower confidence interval; HCI — higher confidence interval; Q — Cochran’s Q

Table 3. Statistical results of this meta-analysis regarding the diameter of the cranio-orbital foramen (COF)

Category N Mean SE Var. LCI HCI Z P

Mean maximal diameter of the COF [mm] 944 0.969 0.140 0.019 0.695 1.242 6.943 0.00

SE — standard error; Var. — variance; LCI — lower confidence interval; HCI — higher confidence interval
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and the orbital surface of the frontal bone (25.69%). 
Other intraorbital locations of the COF were within the 
frontosphenoidal suture (15.06%) and where the fron-
tosphenoidal suture had fused (18.87%). Interestingly, 
no statistically significant differences in prevalence were 
observed with respect to the sex of the subject. 

Many studies have also reported the presence 
of accessory COFs [9, 31, 32, 38]. The present study 

Table 4. Statistical results of this meta-analysis regarding the location of the cranio-orbital foramen (COF)

Category N Mean SE Var. LCI HCI Z P

Overall results

Distance between COF and the frontozygomatic suture [mm] 1347 26.89 0.62 0.39 25.68 28.11 43.32 0.00

Distance between COF and the supraorbital notch [mm] 1347 34.95 0.74 0.54 33.50 36.39 47.37 0.00

Distance between COF and the Whitnall’s tubercle [mm] 1347 27.56 0.62 0.39 26.34 28.78 44.19 0.00

Distance between COF and the lateral angle [mm] 1347 7.18 0.76 0.58 5.68 8.67 9.43 0.00

Results regarding sex

Distance between COF and the frontozygomatic suture in females [mm] 248 25.92 0.93 0.87 24.09 27.75 27.72 0.00

Distance between COF and the frontozygomatic suture in males [mm] 248 26.03 0.36 0.13 25.32 26.73 72.24 0.00

Distance between COF and the supraorbital notch in females [mm] 248 34.52 0.66 0.44 33.22 35.82 52.06 0.00

Distance between COF and the supraorbital notch in males [mm] 248 34.33 0.41 0.17 33.52 35.14 83.09 0.00

Results regarding the patients’ side

Distance between COF and the frontozygomatic suture on the left side [mm] 192 24.78 1.92 3.69 21.01 28.54 12.90 0.00

Distance between COF and the frontozygomatic suture on the right side [mm] 176 25.62 2.30 5.27 21.12 30.12 11.16 0.00

Distance between COF and the supraorbital notch on the left side [mm] 192 35.19 1.58 2.50 32.09 38.29 22.24 0.00

Distance between COF and the supraorbital notch on the right side [mm] 176 35.12 1.83 3.37 31.53 38.72 19.14 0.00

Distance between COF and the superior orbital fissure on the left side [mm] 192 10.28 1.35 1.83 7.63 12.94 7.60 0.00

Distance between COF and the superior orbital fissure on the right side [mm] 176 11.10 2.29 5.25 6.61 15.59 4.84 0.00

SE — standard error; Var. — variance; LCI — lower confidence interval; HCI — higher confidence interval

shows that the prevalence of any accessory COFs is 
16.72%. However, Abed et al. [1] stated that these 
accessory cranio-orbital foramina are unlikely to be 
a source of significant haemorrhage because of their 
small calibre. However, bleeding at these locations 
can serve as a warning that a potential COF may be 
present, with a significantly larger vessel passing 
through it. 

Figure 2. Scheme illustrating the cranio-orbital foramen and its anatomical area; A — cranio-orbital foramen; B — frontozygomatic suture; 
C — superior orbital fissure; D — supraorbital notch; E — inferior orbital fissure; F — Whitnall’s tubercle.
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Georgiou and Cassell [11] presented a study about 
the relationship between the COF and the develop-
ment of the ophthalmic artery. They described that 
the initial vascular supply of the orbit arises from the 
internal carotid artery and then by the supraorbital 
division of the stapedial artery, which is an embry-
onic artery that disappears during the 10th week in 
utero and is the precursor of some orbital, dural, and 
maxillary branches [4]. Furthermore, they describe the 
formation of an anastomosis between the ophthalmic 
artery and the supraorbital branch of the stapedial ar-

tery which forms a “ring” around the optic nerve. The 
stapedial artery is represented as the orbital branch 
of the middle meningeal artery in adulthood. It is 
thought that the COF represents the point at which 
the supraorbital division of the stapedial artery passes 
through the greater wing of the sphenoid bone which 
has not been ossified yet [1, 11].

The orbital branch of the middle meningeal artery 
(OB) enters the orbit through the superior orbital fis-
sure or the COF and it forms an anastomosis with the 
lacrimal artery [8]. The anatomic features of the COF 

Figure 3. A photograph depicting the right orbit; A — cranio-orbital foramen; B — frontozygomatic suture; C — superior orbital fissure; D — 
supraorbital notch.

Figure 4. A photograph depicting the left orbit; A — cranio-orbital foramen; B — frontozygomatic suture; C — superior orbital fissure; D — 
supraorbital notch.
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and the course of the OB were thoroughly described 
by Erturk et al. [9] in a cadaveric study. In the study, 
the OB was most frequently observed to pass through 
the COF (43.2%). However, the vessel was also running 
through the superior orbital fissure in 16.2% of the 
cases. Shimada et al. [36] presented similar results, 
with the OB coursing most commonly through the 
COF rather than the superior orbital fissure. This vessel 
is said to contribute to the arterial supply of the ante-
rior part of the dura of the middle cranial fossa and 
form anastomoses between the ophthalmic artery and 
middle meningeal artery. Furthermore, Stiernberg et 
al. [39] and Price et al. [34] showed that the aforemen-
tioned branch might provide accessory blood supply 
to the orbital contents. Therefore, great care has to 
be taken by the surgeon performing reconstructions 
of the anterior base of the skull and the orbit because 
the OB can get damaged and a large part of the blood 
supply to the orbital contents may be lost [9].

In order to provide an effective method for sur-
geons to localize the COF, morphometric values from 
the frontozygomatic suture and the supraorbital 
notch to the foramen have been measured and re-
ported by previous studies [1, 15, 25]. The results 
of the present meta-analysis show that the average 
distance between the COF and the frontozygomat-
ic suture and the supraorbital notch is 26.89 mm 
and 34.95 mm, respectively. McQueen et al. [25] 
presented a method of defining a safe operating 
zone with respect to the COF, where the shortest 
aforementioned measurements were subtracted by  
5 mm. When using this method and taking advan-
tage of the frontozygomatic suture and the supraor-
bital notch as surgical landmarks, operating beyond  
a distance of 29.95 mm and 21.89 mm from the COF, 
respectively, may increase the risk of damaging the 
contents of the foramen [1]. 

Other landmarks may also be used by the oph-
thalmic surgeon in order to establish a safe zone for 
the COF. These include the Whitnall’s tubercle and the 
lateral angle, and the mean distance between these 
landmarks and the COF was set as 27.56 mm and  
7.18 mm, respectively. All of the aforementioned meas-
urements give the ophthalmic surgeon flexibility in 
choosing the technique of locating the COF in the orbit.

Limitations of the study

This study is not without limitations. It may be 
burdened with potential bias, as the results of this 
meta-analysis are limited by the accuracy of the stud-

ies submitted. The authors of the present study were 
unable to perform some of the morphological analy-
ses due to the lack of consistent data in the literature. 
Additionally, most of the evaluated studies come 
from Asia, therefore, the results of this study may be 
burdened, as they may reflect the anatomical features 
of Asian people rather than the global population.

CONCLUSIONS
In conclusion, we believe that this is the most ac-

curate and up-to-date study regarding the anatomy 
of the COF. The COF is prevalent in 48.37% of the 
cases, and it is most frequently unilateral (73.92%). 
Furthermore, the prevalence of accessory COFs was 
found to be 16.72%. The presence of these foramina 
may represent a source of haemorrhage that ophthal-
mic surgeons should be aware of when performing 
procedures in the lateral part of the orbit. 
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Background: The first dorsal compartment of the wrist includes tendons of abduc-
tor pollicis longus (APL) and extensor pollicis brevis (EPB). However, many studies 
have showed multiple anatomical variations including anomalies in the number 
of both APL and EPB tendons and presence of intercompartmental fibro-osseous 
septum. Unfortunately, studies describing those variations are not consistent, 
hence, the aim of this study was to provide most accurate data about these an-
atomical variations in the population, using systematic review and meta-analysis.
Materials and methods: For this purpose, PubMed, Scopus, Web of Science, 
Embase and a number of minor online libraries were searched. Articles which 
included exact data about the number of APL or EPB tendons or a presence 
of intercompartmental septum were qualified for a more precise evaluation. 
Therefore, out of 1629 studies initially evaluated, 68 were finally included in this 
meta-analysis. We followed the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines.
Results: A total of 5229 studied wrists have been included in this study. Double 
APL and single EPB are the most common variations of tendons in the first dorsal 
compartment, both in cadavers and patients with de Quervain’s disease, with 
no statistically significant differences between those two groups. Presence of 
intercompartmental fibro-osseus septum is much more common in patients with 
de Quervain’s disease than in cadavers. 
Conclusions: Our results should improve the awareness of anatomical variations 
in the first dorsal compartment, which in turn should have impact on treatment 
of de Quervain’s disease in clinical practice. (Folia Morphol 2023; 82, 4: 766–776)

Key words: de Quervain’s disease, abductor pollicis longus, extensor 
pollicis brevis

INTRODUCTION
The first dorsal compartment of the wrist, also 

known as first extensor compartment of the wrist, 
includes tendons of abductor pollicis longus (APL) and 
of extensor pollicis brevis (EPB). APL tendon inserts into 
the radial side of the base of the first metacarpal bone 

but also into the trapezium bone, allowing abduction 
and extension in the carpometacarpal joint of the 
thumb. EPB tendon inserts into the base of the first 
phalanx of the thumb, allowing extension in the met-
acarpophalangeal join of the thumb. However, many 
studies have showed multiple anatomical variations in 
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the first dorsal compartment. Most frequently report-
ed anomalies are multiple APL tendons, multiple EPB 
tendons and the presence of the intercompartmental 
fibro-osseus septum [3, 8, 25, 41, 48]. Unfortunately, 
studies describing those variations are not consistent. 
Awareness of anatomical anomalies in the first dorsal 
compartment is highly significant during both conserv-
ative and surgical treatment of de Quervain’s disease. 
Usually, first method used in clinical treatment of de 
Quervain’s disease are corticosteroid injections into the 
first dorsal compartment of the wrist [49]. Knowledge 
of anatomical conditions in the first dorsal compart-
ment may increase chances of successful steroid treat-
ment [49]. During surgical treatment of de Quervain’s 
disease, anatomical orientation may prevent potential 
misinterpretations, which may lead to failure to de-
compress the compartment [16]. Therefore, the aim 
of this study was to provide most accurate data about 
these anatomical variations in the population, using 
systematic review and meta-analysis. 

MATERIALS AND METHODS
Search strategy

Data collection was performed in January 2022 us-
ing either leading databases such as PubMed, Scopus, 
Web of Science and Embase but also number of mi-
nor online libraries. Search was made for publications 
referring to anatomical variations in the first dorsal 
compartment of the wrist, especially number of APL 
tendons, number of EPB tendons and presence of in-
tercompartmental fibro-osseous septum. Search was 
ended in February 2022. Searched phrases were made 
according to Boolean search terms. In each database 
we used the following scheme: (first) AND ((dorsal) 
OR (extensor)) AND ((compartment) OR (slot)) AND 
((anatomy) or (anatomic) or (anatomical) OR (variations) 
OR (variant) OR (anomalies)). We also used terms like 
“de Quervain’s”, “Quervain”, “APL”, “abductor pollicis 
longus”, “EPB”, “extensor pollicis brevis”, “septum”, 
“extensor retinaculum” in many variations. Neither date, 
language, article type or text availability conditions were 
applied. During our study we followed the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines. Furthermore, the Critical Appraisal 
Tool for Anatomical Meta-analysis (CATAM) was used to 
provide the highest quality findings [13].

Eligibility criteria

A total of 1629 articles were initially evaluated 
including the main search and search through the 

references of the classified articles. After removing 
duplicates, 1248 publications were enrolled. Each 
article which included exact data about number of 
APL tendons or number of EPB tendons or a pres-
ence of intercompartmental septum was qualified for  
a more precise evaluation. Studies showing incom-
plete data, conference abstracts, letter to the editors 
or case reports were excluded. Subsequently, 101 
articles were extracted, of which 33 were excluded 
due to its irrelevance or incomplete data. Finally, 68 
articles were included in this meta-analysis. To min-
imise bias of included studies, we used the AQUA 
Tool which was specifically designed for anatomical 
meta-analyses. Process of collecting data is imaged 
in Figure 1. 

Data extraction

Data from qualified studies were extracted manu-
ally by two independent researchers. Numerical and 
categorical data including number of APL tendons, 
number of EPB tendons, presence of septum, number 
of individuals, number of wrists, sex of subjects and 
geographic location were extracted.

Statistical analysis

In order to perform those meta-analysis we used 
STATISTICA version 13.1 software (StatSoft Inc., 
Tulsa, OK, USA) and MetaXL version 5.3 (EpiGear In-
ternational Pty Ltd, Wilston, Queensland, Australia) 
to calculate the pooled prevalence. We performed  
a random-effects model in all analyses. Heterogeneity 
among the studies was assessed, using both the Chi- 
-squared test and I-squared statistic [23]. A p value  
less than 0.05 was considered to be statistically 

Figure 1. Flow diagram presenting process of collecting data  
included in this meta-analysis.

Records identied from
databases (n = 1629)

Records removed before
screening:

Duplicate records removed 
(n = 381)

Records screened
(n = 1248)

Records excluded
(n = 1147)

Reports excluded:
Irrelevance or incomplete 

data (n = 33)

Reports assessed for eligibility
(n = 101)

Studies included in meta-analysis
(n = 68)
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significant. We interpretate the I-squared statis-
tic as follows: 0–40% as “might not bed impor-
tant”; 30–60% as “may represent moderate het-
erogeneity; 50–90% as “may represent substan-
tial heterogeneity”; 75–100% as “may represent 
considerable heterogeneity”. In order to deter-
mine statistically significant differences between 
studied groups, we used confidence intervals (CIs). 
If the CIs between groups overlapped, we con-
sidered the differences insignificant, while in the 
reverse situation, we considered the differences  
statistically significant. 

RESULTS
Due to diversity of studied groups we decided 

to divide the extracted data into three categories 
— cadavers, patients with the de Quervain’s disease 
and patients without the de Quervain’s disease. Each 
category includes meta-analysis of data considering 
quantity of APL tendons, EPB tendons and presence 
of septum in the first dorsal compartment. Sets of 
characteristics from each study that has been included 
in this meta-analysis are presented in Table 1. Sum-
marised geographic features of admitted articles can 
be found in Table 2.

Table 1. Characteristic of included studies

Author, year Continent Country Affiliation* Number of studied wrists

Roy et al., 2016 Asia India 1 86

Gao et al., 2017 Asia China 1 40

Aktan et al., 1998 Asia Turkey 1, 2 69

Hazani et al., 2008 North America USA 1 32

Sugiura et al., 2017 Asia Japan 1 45

Nam et al., 2018 Asia South Korea 1 40

Xu et al., 2018 Asia China 1 2

Jackson et al., 1986 North America USA 1, 2 340

Shiraishi and Matsumura, 2005 Asia Japan 1 60

Takahashi et al., 1994 Asia Japan 1, 2  267

Kutsumi et al., 2005 North America USA 1 15

Bernstein et al., 2019 North America Texas 1, 2 181

Mahakkanukrauh and Mahakkanukrauh, 2000 Asia Thailand 1 200

Gurses et al., 2015 Asia Turkey 1 50

Alemohammad et al., 2009 Asia Iran 1, 2 233

Kang et al., 2017 Asia South Korea 1 30

Nayak et al., 2009 Asia India 1 156

Kulthanan and Chareonwat, 2007 Asia Thailand 1, 2 148

Ravi et al., 2019 Asia India 1 77

Mirzanli et al., 2012 Asia Turkey 1 150

Rousset et al., 2010 Europe Paris 1 40

Opreanu et al., 2010 North America USA 1 50

Tripathy et al., 2015 Asia India 1 50

Motoura et al., 2010 Asia Japan 1 246

Minamikawa et al., 1991 North America USA 1, 2 141

Sugiura et al., 2019 Asia Japan 1 24

Leslie et al., 1990 North America USA 1 100

Gonzalez et al., 1995 North America USA 1 66

Leversedge et al., 2016 North America USA 1 50

Kutsikovich and Merrell, 2018 North America USA 1 43

Öztürk et al., 2021 Asia Turkey 1 86

Güleç et al., 2016 Asia Turkey 1 48

→
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APL

The quantity of APL tendons in the first dorsal 
compartment of the wrist was examined in 21 ca-
daveric studies [3, 8, 14, 16, 17, 22, 25, 26, 30, 32, 
47, 51–53, 57, 59, 60, 65–68] including 1749 wrists. 
Number of APL tendons varied from zero to seven. 

For a single APL tendon, prevalence was 16.91% 
(95% CI: 8.96–26.63%). For a double APL tendon, 
prevalence was 46.04% (95% CI: 36.84–55.38%).  
For a triple APL tendon, prevalence was 19.19%  
(95% CI: 13.24–25.92%). Results mentioned above, 
are all gathered in Table 3.

Table 1. cont. Characteristic of included studies

Author, year Continent Country Affiliation* Number of studied wrists

Suhani et al., 2012 Asia India 1 73

Abdel-Hamid et al., 2013 Africa Egypt 1 95

Leao, 1958 South America Brazil 1 50

dos Remédios et al., 2005 Europe France 1 31

Bharambe et al., 2017 Asia India 1 100

Vollala, 2006 Asia India 1 100

Giles, 1960 Europe England 1 50

Oudenaarde, 1991 Europe Netherlands 1 84

Schulz et al., 2002 Europe Germany 1 73

Palatty et al., 2020 Asia India 1 50

El-Beshbishy and Abdel-Hamid, 2013 Asia Saudi Arabia 1 50

Brunelli and Brunelli, 1992 Europe Italy 1 52

Kulshreshtha et al., 2007 Europe England 1 44

Matzon et al., 2019 North America USA 2 130

Choi et al., 2011 Asia South Korea 2 15

Gousheh et al., 2009 Asia Iran 2 50

Beutel et al., 2020 North America USA 2, 3 102

Bahm et al., 1995 Europe France 2 10

Lee et al., 2014 Asia South Korea 2 60

Chang et al., 2017 North America USA 2 94

Stahl et al., 2015 Europe Germany 2 77

Kwon et al., 2010 Asia South Korea 2 43

Sato et al., 2016 Asia Japan 2 112

McDermott et al., 2012 North America USA 2 42

Bing et al., 2018 Asia South Korea 2 28

Kim et al., 2020 Asia South Korea 2 29

López Mendoza et al., 2011 North America Mexico 2 32

Shiroishi et al., 2002 Asia Japan 2 158

Harvey et al., 1990 Australia Australia 2 20

Yuasa and Kiyoshige, 1998 Asia Japan 2 22

de Keating-Hart et al., 2016 Europe France 2 41

Alexander et al., 2002 North America USA 2 26

Witt et al., 1991 North America USA 2 30

Weiss et al., 1994 North America USA 2 45

Nagaoka et al., 2000 Asia Japan 2 32

Hoch et al., 2004 Europe Germany 3 14

*Affiliation of data to subcategory; 1 — cadaveric group; 2 — patients with de Quervain’s disease group; 3 — patients without de Quervain’s disease
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The quantity of APL tendons in the first dorsal 
compartment of the wrist in patients with de Quer-
vain’s disease was examined in 9 studies [3, 5, 12, 25, 
30, 39, 41, 61, 66] including 608 wrists. Number of 
APL tendons varied from 1 to 6. For a single APL ten-
don, prevalence was 23.79% (95% CI: 15.12–33.68%). 
For a double APL tendon, prevalence was 45.33% 
(95% CI: 38.88–51.86%). For a triple APL tendon, 
prevalence was 22.69% (95% CI: 17.29–28.58%). 
Results mentioned above, are all gathered in Table 3.

Table 2. Summarized geographic featured of admitted articles

Continent Number or studies Number of wrists

Africa 1 95

Asia 36 3029

Australia 1 20

Europe 11 516

North America 18 1519

South America 1 50

Overall 68 5229

Table 3. Statistical result of meta-analysis in each category

Category Structure Subcategory Number of wrists Prevalence LCI HCI Cochran’s Q I2 (95% CI)

Cadavers APL None APL 1749 0.27% 0.07% 0.58% 4.84 0.00 (0.00–0.00)

Single APL 1749 16.91% 8.96% 26.63% 471.02 95.75 (94.53–96.70)

Double APL 1749 46.04% 36.84% 55.38% 297.65 93.28 (91.01–94.98)

Triple APL 1749 19.19% 13.24% 25.92% 219.99 90.91 (87.49–93.39)

Quadruple APL 1749 5.91% 3.26% 9.24% 131.98 84.85 (78.07–89.53)

Fivefold APL 1749 1.53% 0.61% 2.81% 62.56 68.03 (49.74–79.66)

Sixfold APL 1749 0.65% 0.28% 1.16% 24.17 17.25 (0.00–51.02)

Sevenfold APL 1749 0.33% 0.11% 0.66% 17.12 0.00 (0.00–38.13)

EPB None EPB 1814 1.18% 0.63% 1.89% 28.99 27.55 (0.00–57.00)

Single EPB 1814 94.89% 92.54% 96.82% 81.45 74.22 (60.85–83.02)

Double EPB 1814 3.47% 1.85% 5.55% 86.94 75.85 (63.59–83.98)

Triple EPB 1814 0.49% 0.21% 0.87% 19.22 0.00 (0.00–41.21)

Quadruple EPB 1814 0.27% 0.07% 0.57% 5.28 0.00 (0.00–0.00)

Septum Absent septum 2635 54.26% 47.25% 61.18% 383.58 91.92 (89.64–93.69)

Single septum 2635 45.74% 38.82% 52.75% 383.58 91.92 (89.64–93.69)

Patients with de 
Quervain’s disease

APL Single APL 608 23.79% 15.12% 33.68% 54.01 85.19 (73.70–91.66)

Double APL 608 45.33% 38.88% 51.86% 19.12 58.16 (12.40–80.02)

Triple APL 608 22.69% 17.29% 28.58% 20.37 60.72 (18.49–81.07)

Quadruple APL 608 5.37% 2.50% 9.16% 23.63 66.13 (31.32–83.31)

Fivefold ALP 608 1.04% 0.35% 2.06% 8.27 3.24 (0.00–65.94)

Sixfold APL 608 0.38% 0.02% 1.07% 2.53 0.00 (0.00–0.00)

EPB None EPB 608 2.38% 0.98% 4.33% 13.12 39.00 (0.00–71.93)

Single EPB 608 92.04% 89.63% 94.16% 8.59 6.87 (0.00–67.22)

Double EPB 608 4.65% 1.90% 8.44% 25.88 69.09 (38.21–84.54)

Triple EPB 608 0.75% 0.19% 1.63% 3.01 0.00 (0.00–6.58)

Septum Absent septum 1592 36.37% 30.98% 41.94% 142.47 80.35 (72.47–85.97)

Single septum 1592 63.30% 57.66% 68.76% 145.767 80.79 (73.15–86.26)

Double septum 1592 0.69% 0.34% 1.17% 28.30 1.06 (0.00–41.95)

Patients without de 
Quervain’s disease

APL Single APL 14 90.26% 71.79% 100.00% 0.00 0.00 (0.00–0.00)

Double APL 14 9.74% 0.00% 28.21% 0.00 0.00 (0.00–0.00)

EPB None EPB 56 3.58% 0.06% 10.47% 0.00 0.00 (0.00–0.00)

Single EPB 56 96.42% 89.53% 99.94% 0.00 0.00 (0.00–0.00)

Septum Absent septum 164 69.89% 19.49% 100.00% 62.16 96.78 (93.42–98.43)

Single septum 164 30.11% 0.00% 80.51% 62.16 96.78 (93.42–98.43)

→
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Overall, the number of APL tendons in the first 
dorsal compartment of the wrist was analysed in 2371 
wrists. The number of APL tendons ranged from 0 to 7.  
The variation that occurs the most frequently was 
found to be a double APL tendon with a prevalence 
of 43.45% (95% CI: 36.77–50.26%). All the results 
mentioned above and the more detailed ones are 
gathered in Table 3. 

EPB

The quantity of EPB tendons in the first dorsal 
compartment of the wrist was examined in 22 ca-
daveric studies [1, 3, 8, 10, 16, 17, 22, 25, 26, 29, 
30, 47, 48, 52–54, 56, 57, 60, 63, 66, 71] including 
1814 wrists. Number of EPB tendons varied from  
0 to 4. For a single EPB tendon, prevalence was 
94.89% (95% CI: 92.54–96.82%). Results mentioned 
above, are all gathered in Table 3.

The quantity of EPB tendons in the first dorsal 
compartment of the wrist in patients with de Quer-
vain’s disease was examined in 9 studies [3, 5, 12, 25, 
30, 39, 41, 61, 66] including 608 wrists. Number of 
EPB tendons varied from 0 to 3. For a single EPB ten-
don, prevalence was 92.04% (95% CI: 89.63–94.16%). 
Results mentioned above, are all gathered in Table 3.

Overall, the number of EPB tendons in the first 
dorsal compartment of the wrist was analysed in 2478 
wrists. The number of EPB tendons ranged from 0 to 4.  

The variation that occurs the most frequently was 
found to be a single EPB tendon with a prevalence 
of 94.11% (95% CI: 92.28–95.70%). All the results 
mentioned above and the more detailed ones are 
gathered in Table 3. 

Septum

The presence of intercompartmental fibro-osseous 
septum in the first dorsal compartment of the wrist 
was examined in 32 cadaveric studies [2, 3, 6, 10, 15, 
17, 19, 20, 22, 25, 26, 30–32, 34, 37, 38, 40, 43–45, 
47, 48, 50, 54–57, 63, 64, 66, 71] including 2635 
wrists. The septum was either present or not (there 
were no reports of double septum in this group, un-
like in the patients with de Quervain’s disease group). 
For absence of septum, prevalence was 54.26%  
(95% CI: 47.25–61.18%). For presence of septum, 
prevalence was 45.74% (95% CI: 38.82–52.75%). 
Results mentioned above, are all gathered in Table 3.

The presence of intercompartmental fibro-osseous 
septum in the first dorsal compartment of the wrist in 
patients with de Quervain’s disease was examined in 
29 studies [2–7, 9, 11, 12, 18, 21, 25, 27, 28, 30, 33, 
35, 39, 41–43, 46, 58, 61, 62, 66, 69, 70, 72] including 
1592 wrists. The septum was either absent, single 
our double. For absence of septum, prevalence was 
36.37% (95% CI: 30.98–41.94%). For a single septum, 
prevalence was 63.30% (95% CI: 57.66–68.76%). 

Overall results APL None APL 2371 0.29% 0.11% 0.55% 7.18 0.00 (0.00–0.00)

Single APL 2371 22.26% 15.34% 30.04% 564.23 94.51 (93.15–95.59)

Double APL 2371 43.45% 36.77% 50.26% 332.66 90.68 (87.93–92.81)

Triple APL 2371 19.27% 14.73% 24.26% 258.75 88.02 (84.17–90.93)

Quadruple APL 2371 5.67% 3.67% 8.06% 154.82 79.98 (72.37–85.49)

Fivefold APL 2371 1.43% 0.75% 2.32% 70.64 56.12 (37.79–70.46)

Sixfold APL 2371 0.56% 0.29% 0.90% 27.17 0.00 (0.00–31.20)

Sevenfold APL 2371 0.34% 0.14% 0.63% 18.54 0.00 (0.00–0.00)

EPB None EPB 2478 1.57% 0.99% 2.28% 48.83 34.47 (0.00–57.20)

Single EPB 2478 94.11% 92.28% 95.70% 95.46 66.48 (51.75–76.71)

Double EPB 2478 3.78% 2.39% 5.46% 117.25 72.71 (61.46–80.67)

Triple EPB 2478 0.57% 0.31% 0.91% 23.07 0.00 (0.00–15.69)

Quadruple EPB 2478 0.29% 0.11% 0.55% 6.50 0.00 (0.00–0.00)

Septum Absent septum 4391 47.38% 42.24% 52.55% 751.84 91.35 (89.70–92.74)

Single septum 4391 52.62% 47.45% 57.76% 751.84 91.35 (89.70–92.74)

APL — abductor pollicis longus; CI — confidence interval; EPB — extensor pollicis brevis; HCI — higher confidence interval; LCI — lower confidence interval; septum — intercompart-
mental fibro-osseus septum in the first dorsal compartment of the wrist

Table 3. cont. Statistical result of meta-analysis in each category

Category Structure Subcategory Number of wrists Prevalence LCI HCI Cochran’s Q I2 (95% CI)
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For a double septum, prevalence was 0.69% (95% 
CI: 0.34–1.17%). Results mentioned above, are all 
gathered in Table 3.

The presence of intercompartmental fibro-osse-
ous septum in the first dorsal compartment of the 
wrist in patients without de Quervain’s disease was 
examined in 3 studies [7, 11, 24] including 164 wrists. 
The septum was either present or not (there were 
no reports of double septum in this group, unlike in 
the patients with de Quervain’s disease group). For 
absence of septum, prevalence was 69.89% (95% CI: 
19.49–100.00%). For presence of septum, prevalence 
was 30.11% (95% CI: 0.00–80.51%). Results men-
tioned above, are all gathered in Table 3.

Overall, the presence of the intercompartmental 
septum in the first dorsal compartment of the wrist 
was analysed in 4391 wrists. The septum occurred 
in 52.62% (95% CI: 47.45–57.76%). All the results 
mentioned above and the more detailed ones are 
gathered in Table 3. 

Comparison between cadavers and patients with 
de Quervain’s disease

Data regarding cadavers and patients with de 
Quervain’s disease groups were compared and there 
are no statistically significant differences between ca-
davers and patients with de Quervain’s disease when 
it comes to anatomical variations of APL and EPB 
tendons in the first dorsal compartment (p > 0.05). 
Moreover, there is statistically significant difference 
between cadavers and patients with de Quervain’s 

disease when it comes to presence of septum in the 
first dorsal compartment (p < 0.05). Those p-values 
are gathered in Table 4.

DISCUSSION
Content of the first dorsal compartment of the 

wrist shows great anatomical variability. Many stud-
ies have described those anomalies, but overall results 
are inconsistent and some conclusions excludes one 
another. In clinical practice, anatomy of the first dor-
sal compartment is essential during treatment of de 
Quervain’s disease, while its effectiveness may rely on 
awareness of the contents of patients compartment. 
Our goal was to provide surgeon’s with the most com-
prehensive meta-analysis of anatomical variations of 
the first compartment of the wrist, regarding a total 
of 5229 studied hands. Our results differ from another 
systematic-review [36] showing, among others, higher 
prevalence of double APL variant, lower prevalence of 
single APL variant, higher prevalence of septum in both 
cadaveric and de Quervain’s groups etc.  

Our results differ from previous major studies 
regarding prevalence of all APL variations [3, 8, 25, 
36, 41, 66]. Our results shows that mostly occurs 
the double-tendon APL variety with its 43.45% prev-
alence overall, 46.04% prevalence in cadavers and 
45.33% prevalence in patients with de Quervain’s 
disease. Comparing those and rest of the results in 
both groups, it may be accompted that there are no 
statistically significant differences between cadav-
ers and patients with de Quervain’s disease when it 
comes to anatomical variations of APL tendons in the 
first dorsal compartment (p > 0.05). Taking into con-
sideration that data showing prevalence of the double 
APL tendon in cadavers may represent considerable 
heterogeneity (I2 = 93.28; 95% CI: 91.01–94.98) and 
the fact that the lower CI value of prevalence of 
double APL is higher than any higher CI value of any 
other APL variety, we may acknowledge double APL as  
a most common variant in the population. In contrast 
of APL, EPB dominates with its single-tendon variety, 
both in cadavers and in patients with de Quervain’s 
disease. Our results differ from previous major studies 
regarding prevalence of all EPB variations [3, 8, 25, 
36, 41, 48, 66]. Comparing other varieties of EPB in 
both groups, it can also be accompted, that there 
are no statistically significant differences between 
cadavers and patients with de Quervain’s disease, 
when it comes to anatomical variations of EPB in 
the first dorsal compartment (p > 0.05). Single EPB 

Table 4. P-values obtained after comparing cadavers and  
patients with de Quervain’s disease groups

Compared variant P

Single APL 0.3912

Double APL 0.9131

Triple APL 0.4754

Quadruple APL 0.8463

Fivefold APL 0.5955

Sixfold APL 0.5034

None EPB 0.2058

Single EPB 0.1016

Double EPB 0.6000

Triple EPB 0.6051

Absent septum 0.0002

Present septum 0.0007

APL — abductor pollicis longus; EPB — extensor pollicis brevis; septum — intercom-
partmental fibro-osseus septum in the first dorsal compartment of the wrist
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tendon may be acknowledged as standard in the 
population because data showing its prevalence may 
represent substantial heterogeneity (I2 = 74.22; 95% 
CI: 60.85–83.02) and its prevalence lower CI value 
is much higher than any other prevalence higher CI 
value in any other EPB variety in cadaveric studies. 
In case of the septum, there are statically significant 
differences between cadaveric and de Quervain’s dis-
ease groups (p < 0.05). The presence of the septum 
is much more common in the de Quervain’s disease 
group than in the cadaveric group, with its prevalence 
for a single septum being 63.30% and 45.74%, re-
spectively. We decided not to compare the patients 
without de Quervain’s disease with other groups due 
to small amount of studies and lack of data about first 
dorsal compartment in the no de Quervain’s disease 
group. Results mentioned above may suggest that 
presence of the septum in the first dorsal compart-
ment of the wrist may be one of the factors causing 
de Quervain’s disease. Also it may be that presence 
of the septum originates this ailment more likely than 
multiple variations of APL or EPB tendon slips in the 
compartment. Those suggests can be considered in 
the further studies. 

Clinical treatment of de Quervain’s disease usually 
starts with a non-surgical approach. Most frequently 
the first used therapy technique is corticosteroids 
injection into the first dorsal compartment sheath. 
Unfortunately, patients experience treatment success 
after 1 injection only in 51.8% of cases, according to 
Oh et al. [49]. Anatomical knowledge and awareness 
of most common variations in the first dorsal com-
partment may increase chances of successful steroid 
treatment. We hope that by taking in consideration 
our results, surgeons will more often perform steroid 
treatment under the ultrasonography control so the 
awareness of patients anatomical variation may not 
be oversight. Especially important factors that may 
affect results of this treatment are number of APL 
tendons due to its great diversity in the population 
and presence of septum, because it creates either 
fully or partly closed two sub-compartments and 
injecting steroids into both sub-compartments results 
with increased chances for successful therapy [27, 
42, 73]. During surgical release of the first dorsal 
compartment, comprehensive anatomical knowledge 
may prevent potential overlook of the supernumer-
ary tendons, lying in the separate sub-compartment 
[66]. This knowledge is essential for surgeons while 
treating de Quervain’s disease, as it may prevent 

inadequate recognition and in effect, failure to de-
compress the whole first dorsal compartment [36, 
48]. Awareness of anatomical variations in the first 
dorsal compartment should also be helpful for radi-
ologists who treat and examine wrists. Our results 
shows that arrangement of 3 tendons (double APL 
and single EPB) in the first dorsal compartment should 
be expected most often. This may help to accurately 
interpretate and describe imaging tests, which may 
be the base of further diagnostics. Additionally, ob-
taining an image of intercompartmental septum in 
the first dorsal compartment, should rise awareness, 
that this may be the factor causing de Quervain’s 
disease in the future.

Taking in consideration geographical differences, 
especially in quantity of carried out research, authors 
are aware that results included in this meta-analysis 
might be burdened with a potential bias. Asia dom-
inates with a number of studied wrists, while on the 
other side, researches realised in Africa, Australia or 
South America are singular. This may cause our results 
to reflect more of Asian than global population. 

CONCLUSIONS
In conclusion, we believe that it is the most com-

prehensive analysis of the contents of the first dorsal 
compartment of the wrist. Double APL and single EPB 
are the most common variations of tendons in the 
first dorsal compartment overall and both in cadav-
ers and patients with de Quervain’s disease, with no 
statistically significant differences between those two 
groups. Presence of intercompartmental fibro-osseus 
septum is much more common in patients with de 
Quervain’s disease than in cadavers, which may be 
one of the factors evoking de Quervain’s disease. Our 
results should improve the awareness of anatomical 
variations in the first dorsal compartment, which in 
turn should have impact on treatment of de Quer-
vain’s disease in clinical practice. 
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Background: Anatomical variations are defined as atypical morphologic and 
positional presentations of anatomical entities. Pelvic anatomical variations en-
countered during abdominal hysterectomy can be of clinical interest, given that 
misidentification of certain structures can lead to iatrogenic injuries and postop-
erative sequelae. The aim of the present study was to detect and highlight the 
anatomical structures of interest and their variations to the surgeon performing 
abdominal hysterectomy for benign conditions.
Materials and methods: A narrative review of the literature was performed 
including reports of anatomical variations encountered in cadavers, by surgeons 
during abdominal hysterectomy and radiologists on computed tomography 
angiography, searching within a 10-year span on PubMed database. Studies re-
garding the treatment of malignant conditions requiring lymphadenectomy and 
different modes of surgical approach were reviewed with regards to the aspects 
relevant to benign conditions. The search was extended to the reference lists of 
all retrieved articles. 
Results: Ureters and the uterine arteries, due to anatomical variations, are the 
anatomical structures most vulnerable during abdominal hysterectomy. Specifi-
cally, the ureters can present multiplications, retroiliac positionings and ureteric 
diverticula, whereas, the uterine arteries can present notable variability in their 
origins. Such variations can be detected preoperatively or intraoperatively.
Conclusions: Although rare, the presence of anatomical variations of the uterine 
arteries and ureters can increase the possibility of complications should they escape 
detection. Intraoperative misidentification could lead to improper dissection or 
ligation of the affected structures. Knowledge of these variations, coupled with 
extensive preoperative investigation and intraoperative vigilance can minimise the 
risk of complications. (Folia Morphol 2023; 82, 4: 777–783)

Key words: anatomical variations, abdominal hysterectomy, benign 
gynaecological conditions, ureters, uterine arteries
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INTRODUCTION
Hysterectomy is considered to be the most fre-

quent major gynaecological operation, with the open 
abdominal approach performed in over 50% of the 
reported cases, despite more recent advances in min-
imally invasive procedures [57]. Abdominal hysterec-
tomy is performed for the surgical treatment of both 
benign and malignant gynaecological conditions. 
Amongst the common indications for abdominal hys-
terectomy are the benign conditions of large ovarian 
cysts and uterine fibroids, uterine bleeding, extensive 
adhesive conditions, myoma uteri, endometriosis, 
adenomyosis, benign adnexal masses, simple endo-
metrial hyperplasia without atypia and pelvic pain, 
as well as the malignant conditions of endometrial, 
cervical and ovarian cancer [36, 48]. A differentiating 
feature of hysterectomy carried out for the treatment 
of a benign condition versus a malignant one is the 
extent to which the procedure is carried out: when 
treating a malignant condition, radical hysterecto-
my is usually performed, during which, apart from 
the uterus, the upper vagina, cervix, fallopian tubes, 
ovaries, parametrium tissue and pelvic lymph nodes 
are also removed in most cases [58]. As all surgical 
procedures, abdominal hysterectomy carries a risk 
of complications which can occur both intraoper-
atively and postoperatively. Complications include 
infections, injuries to anatomical structures and oth-
er pathological entities, such as thromboembolisms 
[44]. Infectious complications are the most common 
ones, accounting for 10% of all complications in 
abdominal hysterectomy followed by thromboem-
bolisms which, depending on the sensitivity of the 
method of diagnosis, range from 1% to 12% [12, 
26, 32, 33]. Anatomical complications, especially the 
most common ones of bladder and ureteric injuries, 
occur in about 1% to 8% of the cases, with the ureter 
remaining undetectable at the time of the surgery at 
a rate of 66% [13, 18, 51, 53]. It is to be expected 
that the more extensive the operation, the higher the 
risk of complications arising: for example, abdomi-
nal radical hysterectomy which includes pelvic lym-
phadenectomy, involves anatomical structures of the 
lymphatic system which can present complications, 
such as lymphocysts and lymphoceles [7, 10]. The 
above holds true even for anatomical entities which 
are of concern in the treatment of both benign and 
malignant pathologies, as ureteric injuries appear in 
5% to 8% of the cases undergoing surgery for ma-
lignancies versus a 1% to 3% appearance in surgery 

for benign conditions [53]. Given the above, when 
employing abdominal hysterectomy specifically for 
benign conditions, the possibility of complications 
is generally expected to be lower. 

Complications attributable to sustained injury to 
anatomical structures can be rendered more frequent 
in the presence of anatomical variations. In the case 
of abdominal hysterectomy the variations of interest 
pertain to the pelvic region including variations of the 
ureters, blood vessels, lymph vessels and lymph nodes 
[28]. Due to the less extensive nature of hysterecto-
my carried out for benign conditions, the surgeon’s 
interest for relevant pelvic anatomical variations is 
restricted to those which concern the ureters, spe-
cifically their most caudal segment, as well as those 
which concern the uterine arteries. Anatomical varia-
tions can be described as non-pathological variations 
of human anatomy, where the morphology of an 
anatomical structure differs from the common de-
scriptions in the literature [59]. Variations may include 
differences in the positioning and branching of blood 
vessels, alternative innervation of organs, differenc-
es in the orientation and attachment of ligaments, 
as well as morphological deviations of muscles and 
bones [2]. While such variations usually do not have 
a negative impact on the function of the organs, 
they can be clinically relevant, especially in surgery, 
where failure to acknowledge them could lead to 
injury to the unexpected surrounding structures and 
subsequent complications [8].

This narrative review focused on those pelvic an-
atomical variations that are of clinical significance 
when performing an abdominal hysterectomy for 
benign conditions only. A PubMed search was per-
formed for literature published only during the last 
decade for reports of anatomical variations encoun-
tered in cadavers, by surgeons during abdominal hys-
terectomy and by radiologists on computed tomog-
raphy angiography. Reports of malignant conditions 
requiring lymphadenectomy and different modes of 
surgical approach were reviewed with regards to the 
aspects relevant to benign conditions, given that such 
reports implicate additional anatomical structures 
and their respective variations. The keywords uti-
lised for the search included “anatomical variations”, 
“abdominal hysterectomy”, “benign gynaecological 
conditions”, “ureters”, “uterine arteries” and rele-
vant combinations. The search was also extended to 
include relevant material in the reference lists of all 
the articles retrieved.
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Solid knowledge of anatomical variants of the 
ureters as well as the uterine vessels can reduce intra-
operative complications associated with injury, should 
they be identified during the operation. Furthermore, 
the suspicion of presence of variations in other organs 
of common embryonic origin can prompt towards 
performing an extensive and targeted pre-operative 
investigation [28]. 

ANATOMICAL VARIATIONS  
OF THE URETER AND THEIR  

CLINICAL SIGNIFICANCE
Ureteric injuries of iatrogenic nature are a com-

plication that might evade the surgeon’s attention 
during the operation and give postoperative symp-
toms [45]. Ureteric injuries mostly occur in two dis-
tinct anatomical locations. The first is on the plane 
defined by the presence of the infundibulopelvic 
ligament. The second lies deeper in the pelvic area 
at the point where the ureter traverses sideways to 
the uterosacral ligament’s peritoneum [28]. Early 
detection and subsequent treatment is considered 
of utmost importance if such intraoperative inju-
ries are suspected, hence, knowing the symptoms 
is advised for any surgeon performing abdominal 
hysterectomies [39, 45]. Amongst the most common 
symptoms are pain, fever, abnormalities in urination, 
such as anuria or oliguria and urinary leakage [16, 25, 
39, 56]. Presentation of some of those symptoms, 
especially pain, can be confounded with expected 
post-operative discomfort or side-effects, which calls 
for increased vigilance on the surgeon’s part during 
patient’s postoperative assessment [45].

While in half of the cases of ureteric damage no 
risk factor can be acknowledged, the remaining cases 
can be attributed to factors contributing to anatom-
ical alterations of the ureter that are conducive to 
injury. Such conditions include large ovarian masses, 
previous pelvic surgery that might have deformed 
the area, endometriosis and the presence of ureteric 
variations [53].

Three main categories of ureteric variations are 
of interest to the surgeon performing an abdominal 
hysterectomy. Those are ureteric diverticula, retroili-
ac presence of the ureter and multiplications of the 
ureter.

Ureteric diverticulum is characterised as a rare 
variation, reported so far in only 50 cases in the in-
ternational literature [35]. It is defined as a sac-like 
enlargement of the ureteric wall of unknown etiopa-

thology [35]. Its presence might remain undetected 
since it can often be asymptomatic, although it has 
been reported to correlate with urinary tract infec-
tions, transient haematuria and pyuria [34]. While it 
can be an incidental finding during various medical 
imaging procedures, it can also be diagnosed uti-
lising excretory urography [1, 15, 35, 55]. Ureteric 
diverticula are classified into three distinct catego-
ries according to their ontogenesis, which are true 
congenital diverticulum, abortive diverticulum and 
acquired diverticulum [22, 42]. Despite being a rare 
variation, surgical caution is advised since the pres-
ence of the diverticulum may be misidentified as 
vasculature or as a cyst-like formation and as such 
be ligated or incised by the surgeon [28].

Retroiliac ureters are another rare congenital var-
iation that, as the term suggests, pertains to the 
trajectory of the ureters when they are located in  
a posterior position relative to the iliac arteries [14]. 
This variation has been reported to be both unilateral 
and bilateral [50]. Retroiliac ureter symptomatology 
encompasses pain in the flank area of the body as 
well as symptoms arising from ureteric obstruction. 
The diagnosis usually takes place intraoperatively. 
It should be noted that suspicion concerning the 
presence of this type of ureteric variation can be 
raised in the case of diagnosis of other anomalies of 
the urogenital system. Coexistence of hypoplastic or 
malrotated kidneys, urometrocolpos, vaginal atresia, 
urosacral agenesis along with this variation has been 
reported in the literature [19, 23, 27, 37, 46]. Given 
the ectopic nature of the retroiliac ureter, care should 
be taken not to be misidentified as a vascular struc-
ture during abdominal hysterectomy.

Finally, ureters may be duplicated or otherwise 
multiplied along their longitudinal axis, giving rise 
to two or more parallel anatomical entities. Dupli-
cated ureters are by far the most commonly detect-
ed multiplication thought to occur in about 1% of 
the general population [4, 49]. Their high incidence 
combined with the fact that they are more common 
in females, renders the knowledge of their existence 
significant to the gynaecological surgeon since failure 
to acknowledge them can lead to their erroneous 
incision or ligation [6]. Ureteric duplication may be 
either complete, where the resulting ureters enter 
the urinary bladder in two distinct openings, or in-
complete (bifid) where the ureters fuse before their 
common orifice in the bladder [21]. Bifid duplications 
tend to be detected unilaterally and they display  
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a preference towards the right side [17]. On the oth-
er hand, complete duplications display a tendency 
towards bilaterality [41]. Two kinds of ureteric injury 
can arise during hysterectomy. One of them pertains 
to direct injury sustained to the ureter itself, the ure-
ter being mistaken for an artery. The other involves 
the interruption of the blood supply of the ureters 
by injury to the associated vessels, since duplicated 
ureters tend to be encapsulated in a common sheath 
[17]. Distinction of vasculature and ureters during 
surgery can take place by observing the structure in 
question: should ambiguity arise, the surgeon can 
differentiate between ureters and other structures 
by the tell-tale peristaltic movement of the former, 
given that the ureters vermiculate [28].

ANATOMICAL VARIATIONS  
OF THE UTERINE ARTERY AND THEIR  

CLINICAL SIGNIFICANCE
The main blood supply of the uterus derives from 

the uterine arteries. Therefore, the knowledge and 
identification of the location, origin and course of the 
uterine arteries are very important during abdominal 
hysterectomy for benign pathologies, given that high 
vascular ligation of these arteries is an integral part 
of the aforementioned operation. Nowadays, arterial 
embolisation, either as preoperative adjuvant treat-
ment or as an alternative to surgery altogether, has 
also been increasingly used making the adequate 
knowledge of the uterine artery anatomy even more 
important.

The uterine artery is considered by tradition to 
arise from the anterior division of the internal iliac 
artery. It then continues medially along the inferior 
aspect of the broad ligament of the uterus and de-
scends and bifurcates into ascending and descending 
branches at the level of the isthmus. The ascending 
branches follow a course along the uterus and anasto-
mose with the ovarian artery, whereas the descending 
branches anastomose with the vaginal and inferi-
or rectal arteries [5, 40]. The uterine artery follows  
a course anteriorly to the ureter in the pelvis crossing 
it laterally at the level of the uterine cervix below the 
isthmus [24].

However, several studies mainly in the last  
10 years have demonstrated a significant spectrum 
of anatomical variations with regards to the origin of 
the uterine artery which differs from our traditional 
knowledge. In 2019, Chaudhuri et al. [11] published 
a study of a total of 31 Indian female cadavers that 

showed that the uterine artery originated from the 
anterior division of the internal iliac artery in all the 
cadavers without any variations whatsoever. In 2020, 
Orhan et al. [38] published a study where, after 756 
retroperitoneal dissections in 378 female patients 
during laparoscopic hysterectomy for benign condi-
tions, the uterine artery was the first branch of the 
anterior internal iliac artery in 80.9% of the cases, 
The uterine artery was also the second branch of the 
anterior trunk of the iliac artery in 4.9% of the cases, 
the first or second branch of the anterior trunk in 
3.7% of the cases but in a trifurcation model with 
the posterior trunk and the other visceral branches, 
and lastly the first branch of the internal iliac artery 
but as a single trunk in 3.1% of the cases. However, 
in 7.4% of the cases the origin of the uterine artery 
could not be determined [38].

Nonetheless, several other studies, including Lia-
pis et al. [30], have reported that the uterine artery 
can also originate from the umbilical artery or from 
the internal iliac artery as a common trunk along with 
the umbilical artery, the superior gluteal artery, the 
inferior gluteal artery, the superior vesical artery, the 
inferior vesical artery, the middle rectal artery, the 
internal pudental artery and the obturator artery. In 
2014, Chantalat et al. [9] published a study of 218 
uterine artery origins in 114 Caucasian females (60 
cadaveric, 100 intraoperative and 58 post comput-
ed tomography angiography) that showed that in 
80.7% of the cases the uterine artery originated from  
a common trunk with the umbilical artery, separately 
from the internal iliac artery in 13.16% of the cases, 
directly from the superior gluteal artery in 3.51% of 
the cases, from a common trunk with the internal 
pudendal artery in 1.75% of the cases and separately 
from the obturator artery in 0.88% of the cases. In 
2018, Arfi et al. [3] published a radiological study 
where 86 origins of the uterine artery were visualised 
and in 62.4% of the cases the uterine artery was 
branch of a common trunk with the umbilical artery, 
in 9.3% of the cases it originated from the superior 
gluteal artery, in 2.3% it originated from the internal 
pudendal artery and only in 25.6% of the cases did 
the uterine artery originate from the internal iliac 
artery. All the above findings are of great significance 
given that the risk of intraoperative iatrogenic injury 
to the uterine artery is increased when the artery 
arises from the umbilical artery due to the fact that 
the uterine artery crosses the operative field in this 
case [28].
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Equally interestingly, in 2019, Hao et al. [20] pub-
lished a radiological study of 224 origins of the uter-
ine artery which showed that in 64.3% of the cases 
the uterine artery originated from the inferior gluteal 
artery, in 22.8% of the cases from the internal iliac 
artery and in 12.9% of the cases as a trifurcation along 
with the inferior gluteal and the superior gluteal ar-
tery. In the same study, only in 60.7% of the cases the 
origin of the uterine artery was consistent between 
the right and left side [20]. Finally, the uterine artery 
has rarely been found to originate from the inferior 
vesical artery, the middle rectal, or the inferior epi-
gastric artery, whereas, even the complete absence 
of it has been reported as well [29, 31, 47, 52, 54].

CONCLUSIONS AND COMMENTARY
Anatomical variations are akin to a change in  

a landmark during a hiker’s expedition on a well-trod-
den path: it can be the root of confusion and unex-
pected sequelae. While the anatomical variations 
presented here tend to be rare, a surgeon should be 
aware of their existence, so as to modify the course 
of action should they present themselves during the 
operation. Preoperative preparedness in the form of 
extensive investigation, if suspicion of variations is 
present, as well as intraoperative vigilance can mini-
mise complications attributed to iatrogenic damage 
to the unexpected anatomical findings.

The knowledge and identification of the location, 
origin and course of the ureters and the uterine arter-
ies are very important during abdominal hysterectomy 
for benign pathologies. Ureters can show variations 
in morphology, such as ureteric diverticula or mul-
tiplications, as well as changes in positioning, such 
as following a retroiliac course. Those variations can 
be detected preoperatively with extensive investi-
gation employing imaging techniques [15, 22, 55]. 
Such an approach is recommended in the presence 
of other variations detected in the urogenital sys-
tem. Furthermore, the surgeon should employ both 
morphological and functional criteria to identify the 
ureters intraoperatively, in order to detect deviations 
from their typical presentation. High vascular ligation 
of the uterine arteries is an integral part of abdomi-
nal hysterectomy. Careful retroperitoneal dissection 
beginning at the iliac bifurcation down to the cross-
ing of the uterine artery with the ureter, in order to 
ligate the uterine artery at its origin, can overcome 
obstacles due to anatomical variations and result in 
a safer operation [38, 43]. Additionally, computed 

tomography angiography, as an easily performed, 
non-invasive and financially efficient technique, can 
display the anatomical variations of the origin of the 
uterine artery and facilitate the performance of safer 
operations [20].
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Magnetic resonance based morphometric 
analysis of the tentorial notch
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Background: The study of the tentorial notch can improve the understanding 
of brain injury mechanisms. Tentorial morphology has been analysed primarily in 
cadaveric studies. However, the postmortem effect can cause variability in the 
measurements. The objective was to evaluate the morphometry of the tentorial 
notch and the third cranial nerve on living subjects using magnetic resonance 
imaging (MRI).
Materials and methods: A retrospective cross-sectional study was performed. 
Using consecutive cases, 60 MRI scans were analysed for tentorial notch morphol-
ogy. Maximum notch width (MNW), notch length (NL), interpedunculoclival (IC) 
distance, apicotectal (AT) distance, third cranial nerve (CN-III) distance, and inter-
CN-III angle, were obtained. For the classification of the tentorial notch quartile 
distribution technique for MNW, NL, AT distance, and IC distance were used.
Results: According to the quartile of the MNW, patients were stratified into nar-
row, midrange, and wide groups. Using the NL quartile groups, they were also 
classified as short, midrange, and long. With these, the tentorial notch could be 
classified into eight types. Statistical differences between genders in the MNW 
and inter-CN-III angle were found, as well as a strong positive correlation between 
NL and AT distance, and between right and left CN-III distances.
Conclusions: There were differences between the cadaveric samples and living 
subjects in the CN-III distances. This difference could be explained by the de-
hydration of brain volume in the postmortem process which may cause nerve 
elongation. Morphometry of the tentorial notch and its neurovascular relations 
allows a better understanding of the mechanisms of brain herniation. (Folia 
Morphol 2023; 82, 4: 784–790)

Key words: tentorial notch, third cranial nerve, brainstem, brain 
herniation
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INTRODUCTION
The cerebellar tentorium is a semilunar-shaped 

extension of the dura mater that separates the cer-
ebellum from the cerebral hemispheres [17]. The 
triangular-shaped aperture located between the free 
edges of the tentorium cerebelli and the clivus is 
defined as the tentorial notch [18]. This space is in-
volved in different brain injury processes due to the 
relation with midline structures and the rigidity of 
the dura mater [10]. 

Tentorial herniation is an upper or lower displace-
ment of the temporal lobe through the tentorial 
notch, and is one of the most common herniation 
secondary result of an intracranial mass [15]. Different 
studies have published the possible influence of the 
morphometric analysis of this aperture in the under-
standing of the mechanism of different brain injuries 
[1, 5, 6]. The patterns of the tentorial herniation and 
differences in the clinical presentation could be par-
tially influenced by the dimensions of the tentorial 
notch and the position of the brainstem, but this 
remains unclear [5]. 

The morphometric analysis of the tentorial 
notch has been analysed mainly in cadaveric studies  
[1, 6, 16, 23]. However, the tissue deterioration in 
the postmortem process, alterations due to dehy-
dration from the absence of circulation, and the 
method of conservation used could have an impact 
on measurements, varying amongst themselves  
[7, 25, 27]. The objective of this study is to evaluate 
the morphometry of the tentorial notch and the third 
cranial nerve (CN-III) in living subjects by magnetic 
resonance imaging (MRI).

MATERIALS AND METHODS
A retrospective cross-sectional study was per-

formed with 60 Fast Imaging Employing Steady/ 
/State Acquisition (FIESTA) MRI sequences. The study 
images were obtained from the database of the 
Radiology and Imaging Department. Screening was 
consecutive cases of patients between 18 and 60 
years who underwent a brain FIESTA MRI sequence 
indicated by their treating physician. We exclud-
ed patients with posterior fossa diseases, central 
nervous system vascular disease, previous cranial 
surgery, or other central nervous system diseases 
that may alter anatomy. Studies with abnormalities 
or artifacts were eliminated. This study adheres to 
the STROBE guidelines for the report of observational 
studies [26]. 

Study technique

All patients underwent a head FIESTA MRI se-
quence (3 Tesla, Signa Twin HDx of General Elec-
tric-GE), Software 5.7.1, using the following param-
eters — temporal resolution: 1000 ms, echo time: 
136 ms, flip angle: 110°, slice-thickness: 0.6 mm, slice 
oversampling: field of view: 200 × 200 mm, matrix: 
320 × 320. All the imaging data was uploaded to the 
Carestream Vue PACS and analysed in coronal, axial, 
and sagittal planes. The images and measurements 
were assessed independently by two neuro-radiolo-
gists recorded in a database using millimetres with 
two decimal unit precision. All sets of inter-observer 
reliability analyses resulted in substantial reliability 
(interclass coefficient > 0.85 and Cohen’s kappa >  
> 0.85).

Tentorial notch measurements

Definition and anatomical fundamentals for inter-
pretation of the tentorial notch and CN-III variables, 
have been described mainly in human cadaveric sam-
ples. However, Adler et al. [1] reported a method to 
measure these variables using MRI. The following var-
iables were measured: maximum notch width (MNW), 
notch length (NL), interpedunculoclival (IC) distance, 
and apicotectal (AT) distance. Although the anterior 
notch width, defined as the width of the tentorial 
notch in the dorsum sellae, is a variable described by 
other authors, this could not be reproduced with MRI. 
We propose a method for studying the CN-III with 
MRI with the following measures: CN-III distance, and 
inter-CN-III angle (Fig. 1). Although the measurement 
may be done by T2 RMI sequence 

For the classification of the tentorial notch defined 
by Adler et al. [1] quartile distribution technique for 
MNW, NL, AT distance, and IC distance was used. 
Using the MNW quartile distribution the tentorial 
notch was divided into narrow, midrange, and long. 
The NL and AT distances quartile distribution were 
used to classify into short, midrange, and long. The 
position of the brainstem within the tentorial notch 
was labelled as pre-fixed, mid-position, and post-fixed 
applying the quartile distribution technique with the 
IC distance. According to the classification defined by 
Adler et al. [1] we used the MWN and NL to stratify 
tentorial notch into 8 types.

Ethical considerations 

This study was previously reviewed and approved 
by the University’s Ethics and Research Committees 
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with the registration number AH21-00010, making 
sure it adheres to the Helsinki Declaration and na-
tional and international standards of research. The 
authors declare no financial or commercial gain for 
the realisation of this study. The authors declare no 
conflict of interest. None of the imaging studies were 
performed for the purposes of this study.

Statistical analysis

Sample size calculation was made with the for-
mula for estimating a mean in an infinite population 
with a confidence of 95% and a margin of error of 
5% resulting in a total of 60 studies. We obtained 
central tendency and dispersion data of the sample 

variables. We performed the Kolmogorov-Smirnov 
test for normality. Due to the normality distribution 
of sample data, the comparison between different 
sexes groups was made with a two-tailed Student 
t-test. Correlation tests were performed by Pearson 
correlation coefficients. The 95% confidence interval 
(CI) was obtained for the mean between-difference. 
A p-value of < 0.5 was considered statistically sig-
nificant. For multiple comparisons, the Bonferroni 
correction was performed to adjust the p-value. The 
database was analysed using the SPSS Version 25.0 
programme for Windows 10 (IBM, Armonk, NY, USA).

RESULTS
Descriptive statistics of the measurements strati-

fied by sex are shown in Table 1. The mean age of the 
sample was 41.5 ± 12.1 years, of which 36 (60%) were 
women with a mean age of 42.08 ± 9.23 years and 
24 (40%) men with a mean age of 41.11 ± 13.8 years. 
We found statistically differences between sexes in 
MNW distance and inter-CN-III angle. The MNW mean 
is 32.13 mm (range 28.1–39.8, 95% CI 30.95–33.31) 
for men and 30.72 mm (range 28.1–39.8, 95% CI 
29.89–31.56) for women. The mean between-group 
difference is 1.4 mm (95% CI 0.038–2.77; p = 0.04). 
The inter-CN-III angle mean is 56.72 grades (range 
45.72–70.56, 95% CI 53.98–59.46) for man and 53 
grades (range 41.78–71.24, 95% CI 50.69–55.32). 
The mean between-group difference is of 3.71 grades 
(95% CI 0.20–7.22; p = 0.04).

Pearson’s correlation coefficient between variables 
is shown in Table 2. We found a strong positive cor-
relation coefficient between measurements between 
NL and AT distance (r = 0.78; r2 = 0.62), and between 
right and left CN-III distances (r = 0.93; r2 = 0.86).

Table 3 shows the ranges of the measurements 
used to classify the tentorial notch using MNW and NL 
quartiles and the percentages of the different types. 
The typical type that corresponds to the MNW and 
NL midrange was the most common. The mixed type 
was the least frequent in this sample. 

DISCUSSION
Main findings 

This study analysed the morphology of the ten-
torial notch and CN-III on living subjects in a healthy 
population. Our study demonstrates consistency with 
cadaveric studies, except for the variables of the CN-III.  
We obtained statistically significant differences be-
tween sexes in MNW and inter-CN-III angle; how-

Figure 1. Measurements of the tentorial notch. Maximum notch 
width (MNW): using a coronal plane, the maximum width between 
the border of the tentorial notch in the coronal plane. Notch length 
(NL): using a sagittal plane, the length of the tentorial notch from 
the superior edge of the dorsum sellae (letter a) to the apex of the 
tentorial notch (letter b). Interpedunculoclival (IC) distance: using  
a sagittal plane, the distance between the superior edge of the dor-
sum sellae to the interpeduncular fossa (letter c). Apicotectal (AT) 
distance: using a sagittal plane, the distance from the tectum (letter 
d) to the apex of the tentorial notch. Left and right third cranial nerve 
(CN-III) distance: using a transverse plane, the distance between 
the origin of the CN-III (letter f) to the cavernous sinus (letter g).  
Inter-CN-III angle: using a transverse plane, the angle between  
the two third cranial nerves (curve line).
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ever, the absolute difference was small. Currently, 
a distinction between sexes in the understanding 

of brain injury has not been established. A strong 
positive correlation was found between NL and AT 
distance, and between the right and left cisternal 
CN-III distance.

Comparison with other studies

Most studies regarding tentorial notch analysis 
have used cadavers, which carries an important lim-
itation (Table 4) [1, 6, 16, 23]. In the cadaveric con-
servation process, the deep brain is the last part con-
served, as the fixation agent spread from the surface 
of the brain [7]. The conservation process depends 
mainly on the time of the initiation of the procedure 
after death [7, 9]. This allows macroscopic chang-
es in the brain to set in, as the putrefaction phase 
of the postmortem process can be seen as early as  
24 hours succeeding the death, which may impact 
on the measurements [14]. 

We obtained similar results in the MNW and NL 
measurements compared with other populations  
[1, 6, 16, 20, 22, 23]. Adler et al. [1] studied a larger 
population than other studies but the mean and stand-
ard deviation are similar among authors (Table 4).  
The variables that include dura matter appear to be 
less affected by the postmortem process than other 
structures inside the head [3]. 

Table 1. Comparison measurements of the tentorial notch between sexes

Measurement General (n = 60) Women (n = 36) Men (n = 24) P

Maximum notch width 31.28 ± 2.66 30.72 ± 2.46 32.13 ± 2.78 0.04*

Notch length 55.55 ± 4.82 55.94 ± 4.94 54.98 ± 4.66 0.45

Apicotectal distance 19.45 ± 3.81 19.8 ± 3.95 18.93 ± 3.6 0.39

Interpedunculoclival distance 21.03 ± 3.17 20.93 ± 3.32 21.17 ± 2.98 0.78

Right cisternal CN-III distance 22.81 ± 4.11 23.99 ± 3.81 22.03 ± 4.17 0.07

Left cisternal CN-III distance 22.02 ± 3.96 22.71 ± 3.76 21.56 ± 4.08 0.27

Inter-CN-III angle 54.49 ± 6.89 56.72 ± 6.49 53 ± 6.84 0.04*

Data are shown as mean ± standard deviation. Values are expressed in millimetres for distances and grades for angles. Independent-sample Student t-test was used for compared measu-
rements between sexes; *statistically significant (p < 0.05); CN-III — third cranial nerve

Table 2. Pearson´s correlation coefficient between measurements of the tentorial notch

MNW NL AT distance IC distance Right CN-III distance Left CN-III distance

MNW 0.227 0.239 –0.056 0.456* 0.374*

NL 0.788* 0.482* 0.401 0.479*

AT distance 0.056 0.208 0.267

IC distance 0.286 0.297*

Right CN-III distance 0.935*

Left CN-III distance 

*Statistically significant with Bonferroni correction; AT — apicotectal; CN-III — third cranial nerve; IC — interpedunculoclival; MNW — maximum notch width; NL — notch length

Table 3. Types of tentorial notch

Type of notch Dimension Range [mm] Percentage

Wide MNW (wide) 32.5–39.8 15%

NL (midrange) 55.6–58.9

Narrow MNW (narrow) 26.5–29.5 11.6%

NL (midrange) 55.6–58.9

Long MNW (midrange) 29.6–32.4 10%

NL (long) 59–64.9

Short MNW (midrange) 29.6–32.4 15%

NL (short) 46.6–55.5

Typical MNW (midrange) 29.6–32.4 25%

NL (midrange) 55.6–58.9

Large MNW (wide) 32.5–39.8 10%

NL (long) 59–64.9

Small MNW (narrow) 26.5–29.5 10%

NL (short) 46.6–55.5

Mixed MNW (narrow) 26.5–29.5 3%

NL (long) 59–64.9

MNW (wide) 32.5–39.8 0%

NL (short) 46.6–55.5

MNW — maximum notch width; NL — notch length
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The tentorial notch is divided into the anterior, 
middle, and posterior incisural spaces depending on 
the relation with the brainstem [4, 21]. The anterior 
and posterior incisural spaces are located anterior 
and posterior to the brainstem, respectively [18]. The 
anterior incisural space contains the internal carotid 
artery, basilar artery, optic nerves, and CN-III [23]. 
Despite the differences between the types of samples, 
we obtained similar results in the IC distance to Adler 
et al. (21.03 mm) [1] and Das et al. (21.21 mm) [6] but 
different results than Ono et al. (12.1 mm) [16]. The 
posterior incisura space lies posterior to the brainstem 
and contains the posterior cerebral artery, superior 
cerebellar artery, the internal and basal vein, and the 
fourth cranial nerve [18]. We found similar results to 
Adler et al. (16.8 mm) [1] and Ono et al. (19.8 mm) [16] 
but different data than to Das et al. (25.81 mm) [6].  
These differences between cadaveric studies could be 
explained by the conservation method used and the 
population studied. 

The CN-III exits from the midbrain and passes 
through the cavernous sinus, prior to entering the 
orbit through the supraorbital fissure [12]. We stud-
ied the distance of the CN-III from its origin to the 
cavernous sinus with differences in the length (right: 
22.81 mm, left: 22.02 mm) compared to Adler et 
al. (right: 26.1 mm, left: 26.7 mm) [1]. However, 
results were similar in the inter CN-III (54.49 vs. 57.3 
grades). The difference in the length of the CN-III 
could be explained by the dehydration of the brain 
in the postmortem process, causing an elongation 
of the nerve. 

Brain herniation

Brain herniation is the most common secondary 
result of an intracranial mass. It is defined as a dis-
placement of cerebral tissue from a compartment to 
another [19]. Clinical presentation varies according 
to the compartment and the brain structure affected. 
The tentorial herniation could cause pupillary dilata-
tion, ophthalmoplegia, or ipsilateral hemiplegia due 
to the compression of the brainstem and CN-III [24]. 
Despite the actual comprehension of the mechanism 
of the tentorial herniation, the reason for the clinical 
variation among patients is still unclear. The severity 
of the disease is determined mainly by the volume of 
the mass lesion, the localization, or the velocity of the 
pathological process [11]. In addition, the dimensions 
of the tentorial notch could have an implication on 
the clinical and severity of the brain herniation in 
patients with the same type of lesion [5, 23]. 

The anterior incisura space is a site where the tem-
poral lobe could move and compress the CN-III and 
cerebral peduncles during the tentorial herniation [6].  
The length of the anterior incisural space could be 
estimated with the IC distance. Patients with wider 
and longer notches could have more exposition of 
the posterior cranial fossae and facilitate the displace-
ment of the brain in the herniation process. 

The superior aspect of the cerebellum is related 
to the posterior incisural space [18]. Although the 
cerebellar tissue exposed through the posterior in-
cisural space could not be studied by MRI, it could be 
estimated by the AT distance [6]. The relation between 
large apertures and the total of the cerebellar tissue 

Table 4. Measurement comparison of the tentorial notch between other populations

Author Arrambide-Garza et al., 
2022

Das et al., 
2021 [6]

Staquet et al., 
2020 [22]

Adler et al., 
2002 [1]

Sunderland et al., 
1984 [23]

Ono et al., 
1984 [16]

Country Mexico USA France USA Australia USA

Sample 60 MRIs 40 cadavers 40 CTs 110 cadavers 30 cadavers 25 cadavers

Age 41.5 ± 12.1 20 to 65 – 42.5 – –

ANW – 26.92 ± 2.14 25.5 ± 3.5 26.6 ± 2.7 27.06 ± 3.5

MNW 31.28 ± 2.66 29.77 ± 2.26 31.0 ± 2.5 29.6 ± 3.0 30.16 ± 3.21 29.6 (26–35)

NL 55.55 ± 4.82 57.98 ± 4.52 55.0 ± 5.3 57.7 ± 5.6 54.9 ± 6.93 52 (46–67)

IC distance 21.03 ± 3.17 21.21 ± 3.72 – 20.4 ± 3.2 – 12.1 (7.8–15.6)

AT distance 19.45 ± 3.81 25.81 ± 8.04 – 16.8 ± 5.4 – 19.8 (13–27)

Right CN-III distance 22.81 ± 4.11 – – 26.1 ± 3.2 – –

Left CN-III distance 22.02 ± 3.96 – – 26.7 ± 2.9 – –

Inter-CN-III angle 54.49 ± 6.89 – – 57.3 ± 7.3 – –

Data are shown as mean ± standard deviation and mean (range). Values are expressed in millimetres for distances and grades for angles. AMW — anterior notch width; AT — apicotectal;  
CN-III — third cranial nerve; CT — computed tomography; IC — interpedunculoclival; MRI — magnetic resonance imaging; MNW — maximum notch width; NL — notch length



789

F.J. Arrambide-Garza et al., Morphometric of the tentorial notch

exposed has been described in cadaveric studies. The 
cerebellar tissue has a higher exposition in a long 
and wide tentorial notch than in a short and narrow 
notch. These findings could influence the cerebellar 
herniation through the tentorial notch [1, 13, 23]. 

The length and course of the CN-III may be an 
explanation for the clinical differences among pa-
tients with this pathology. The tentorial herniation 
compresses mainly the brainstem and (CN-III) during 
the movement of the temporal lobe through the 
tentorial notch [2, 8].

The MWN and NL are used to stratify the tento-
rial notch into 8 types. Grille et al. [11] studied the 
characteristics of the tentorial notch in neurocritical 
patients. They described the “narrow,” “short,” and 
“small” as the most common types in neurocritical 
patients, which corresponded to wider and longer 
notch types [11]. Further studies comparing the char-
acteristics in neurocritical patients are needed to 
determine the association between tentorial notch 
types and herniation patterns.

Limitations of the study

Our study has several limitations. Although the 
sample size was calculated to determine statistical 
difference, larger samples are needed to make a com-
parison between different populations. The measure-
ments of the CN-III have not been validated by other 
studies or compared with other radiology techniques. 
The patients’ anthropometric characteristics were not 
included in the analysis. The study was conducted us-
ing Hispanic patients; however further data is needed 
to compare results with other populations. Grille et 
al. [11] validated the MRI and computed tomogra-
phy, but the brainstem and CN-III cannot be studied 
using computed tomography. Our study used MRI 
with FIESTA sequence, which is not broadly available.

CONCLUSIONS
Changes in cadaveric models in the tentorial notch 

could have an impact on the morphology of the 
tentorial notch and its neurovascular relations. There 
were differences between the cadaveric samples and 
living subjects in the cisternal third nerve distances. 
This difference could be explained by the dehydration 
of the brain in the postmortem process which may 
cause nerve elongation. The measurements of the 
tentorial notch may have implications for a better 
understanding of the mechanisms of brain herniation.
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Background: Knowledge concerning variability of the facial nerve trunk (FNT) 
direction after its exit through the stylomastoid foramen is of a great clinical 
significance for maxillofacial surgeons, otorhinolaryngologists, oncologists, spe-
cialists in plastic and aesthetic surgery. The aim of our study was to establish the 
variation of the FNT direction and its peculiarities depending on the branching 
pattern, gender, anthropometric type and side of the head.
Materials and methods: The direction of the FNT and its branching pattern 
were studied on 75 dissected hemifaces of adult formalised cadavers (59 male/ 
/16 female), and the morphometry of the FNT length, width and bifurcation angle 
was carried out. 
Results: Seven branching patterns of the facial nerve were established: type I 
— 18.7%, type II — 14.7%, type III — 20%, type IV — 14.6%, type V — 5.3%, 
type VI — 18.7%, and type NI — 8% (bizarre types). The FNT had a descending 
direction in 73.3% of cases; ascending FNT — 9.3% (including 5.3% of very short 
diffuse branching trunks and 1.3% of arch-shaped FNT); horizontal FNT — 10.7%; 
number variants — 6.7%. The male/female ratio of the descending FNT was 
69.5%/87.4%; ascending — 10.2%/6.3%; horizontal — 11.9%/6.3%; number 
variants — 8.4% (only in male). The right/left ratio of the descending FNT was 
62.9%/82.5%; ascending — 11.4%/7.5%; horizontal — 11.4%/10%; number 
variants — 14.3% (only on the right side). The ratio of the descending FNT in 
mesocephalic type (MCT)/brachycephalic type (BCT)/dolichocephalic type (DCT) 
was respectively 70.6%/100%/66.7%; ascending — 12.1%/0%/0%; horizontal 
— 12.1/0%/11.1%. Numerical variants in MCT — 5.2%, in DCT — 22.2%. The 
mean number of FNT in MCT/BCT/DCT was respectively 1.07/1.0/1.22.
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INTRODUCTION
The facial nerve morphology, its variability and spe-

cific features are subject of interest of many researchers 
all over the world. Nevertheless, the majority of the 
published papers describe only the variability of the 
facial nerve branching types, its connections and to-
pography of the parotid plexus towards neighbouring 
anatomical structures [1–4, 6, 8, 10–12]. Non-articles 
were found on the variability of the facial nerve trunk 
(FNT) direction depending on the gender, anthropo-
metric type and side of the head, or branching pattern. 

Taking into consideration that the rate of the pa-
rotid tumours, polytrauma with involvement of the 
head and neck regions, as well as the demand for 
plastic surgery and rejuvenating procedures have in-
creased lately, it is imperative to have a new approach 
towards the facial nerve morphology.

The purpose of our study was to establish the 
direction and morphological peculiarities of the FNT 
depending on the branching pattern, gender, anthro-
pometric type and side of the head.

MATERIALS AND METHODS
The variability and morphological peculiarities of 

the FNT were studied on 75 hemifaces of adult for-
malised cadavers (59 male/16 female) in the period 
2014–2022. The direction, length, width, bifurcation 
angle, number variation of the FNT and branching 
pattern of the facial nerve were analysed.

Each cadaver was carefully examined on presence 
of any deformities or damages of the soft tissues 
of the face and only the hemifaces with intact soft 
tissues were used for our study. 

Ahead of dissection, the longitudinal and trans-
verse dimensions of each head were measured. The 
longitudinal dimension was measured between the 
glabella and opisthocranion and the transverse one 
between the right and left euryons. 

The anthropometric type of the head was estab-
lished according to the formula: 

The male specimens were represented by 59 
(78.7%) hemifaces, and the female ones by 16 (21.3%) 
hemifaces. The right side hemifaces constituted 40 
(53.3%) samples and the left ones — 35 (46.7%). 
The male/female ratio of the right specimens was 
82.9%/17.1% and those of the left — 75%/25%. In 
male individuals the ratio of the right/left hemifaces 
was 49.2%/50.8% and in female it was 37.5%/62.5%. 

The majority of the dissected samples, 58 (77.3%) 
hemifaces, belonged to the mesocephalic type (MCT). 
The brachycephalic type (BCT) was represented by  
8 (10.7%) hemifaces and the dolichocephalic type (DCT)  
included 9 (12%) hemifaces. The ratio of the male/
female hemifaces depending on the anthropometric 
type of the head for MCT was 81.3%/62.5%, for 
BCT — 6.8%/25% and for DCT — 11.9%/12.5%. The 
right/left ratio of samples in MCT was 77.2%/77.5%, 
in BCT — 11.4%/10% and in DCT — 11.4%/12.5%.

The branching patterns of the facial nerve were 
determined according to Davis classification [2]. In our 
study, each of those six classical patterns of branching 
had an atypical subtype, but type III had two atypical 
subtypes. For a relevant statistical analysis each atypi-
cal subtype was added to the corresponding classical 
type of branching and all the uncommon types were 
included into the “type NI” (non-identified in the 
specialised literature types).

The quantitative and qualitative variables were 
analysed using the Microsoft Excel 2016 processing 
programme and methods of descriptive and infer-
ential statistics. 

The indicators of variability were calculated using 
the following formulas:
1. Standard deviation (s): function STDEV

 
(1)

where: ∑ — sum; Xi — individual value of the X var-
iable; X — arithmetic mean; n — number of cases.
2. Coefficient of variation (CV):

 (2)

Conclusions: Three main directions are characteristic of the FNT: the descending, 
ascending and horizontal ones, which vary depending on the branching pattern, 
gender, shape and side of the head. (Folia Morphol 2023; 82, 4: 791–797)

Key words: facial nerve, branching types, variation, peculiarities, 
morphometry
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where: s — standard deviation; X — arithmetic 
mean; CV ≤ 10% homogenous population; 10%  
< CV ≤ 20% relatively homogenous population; 20% 
< CV ≤ 30% relatively heterogeneous population; 
30% < CV heterogeneous population.

For the arithmetic mean of the quantitative var-
iables the confidence interval (CI95), with a safety 
level (p) of 0.95 and significance level (α) of 0.05 
was calculated.

 (3)

where: X — arithmetic mean; z — value for a confi-
dence interval of 95% (equal to 1.96); SE — standard 
average error.

 
(4)

where: s — standard deviation; n — number of cases.
For that purpose the predefined Excel CONFI-

DENCE function was used, that determines the con-
fidence interval z × SE. 

To compare the observed frequencies with the 
estimated frequencies the analysis of the qualitative 
variables frequency was performed using the non-par-
ametric χ2 test.

 (5)

where: ∑ — sum; fo — observed value; fe — estimated 
value.

The measures of location were calculated using 
QUARTILE function: the first quartile (Q1); the second 
quartile (Q2); the third quartile (Q3); the interquartile 
range (IQR): Q3 – Q1. 

For distribution of the variables and symmetry 
measurement, the predefined Excel SKEW function 
was used.

 

(6)

where: ∑ — sum; Xi — individual value of the X var-
iable; X — arithmetic mean; s — standard deviation; 
n — number of cases; α = 0 symmetric distribution; 
α < 0 distribution with the tail to the right; α > 0 
distribution with the tail to the left.

In order to analyse the dispersion, the one-way 
ANOVA for comparing the means of three or more 
independent samples was used. 

By the callipers were measured the length and 
width of the FNT and by a protractor was measured 
the degree of its bifurcation angle. All the measure-
ment have been taken by the same observer. 

Ethical consideration

The cadavers belonged to the Department of Anat-
omy and Clinical Anatomy of Nicolae Testemitanu 
State University of Medicine and Pharmacy of the 
Republic of Moldova.

The protocol for the research project has been 
approved by the Ethics Committee of Nicolae Testemi-
tanu State University of Medicine and Pharmacy of the 
Republic of Moldova (minute No. 1 of 19.09.2014), 
and it was conducted at the Department of Anato-
my and Clinical anatomy in full accordance with the 
Declaration of Helsinki. 

RESULTS 
The mean length (mm) of the heads for MCT was  

194.21 ± 4.85, for BCT — 189.28 ± 4.42 and for DCT 
— 195.71 ± 4.01, statistically significant, p = 0.01.

In MCT the mean width (mm) of the heads was  
149.91 ± 2.83, in BCT — 152.30 ± 3.22 and in DCT —  
145.41 ± 3.00, highly statistically significant, p < 0.000. 

The cephalic index in mesocephalic individuals had 
a mean value of 77.2097 ± 1.03, in brachycephalic 
people — 80.4674 ± 0.28 and in dolichocephalic 
ones — 74.3004 ± 0.53, and a very high statistical 
significance was established, p < 0.0000.

A significant difference in the mean values of 
the head dimensions depending on the gender was 
established for all the variables (Table 1). 

Seven branching patterns of the facial nerve were 
established. Type I was determined in 18.7%, type II  
— 14.7%, type III — 20%, type IV — 14.6%, type V  
— 5.3%, type VI — 18.7%, and type NI — 8%. The 
male/female ratio of the branching pattern for type I  
was 20.3%/12.5%, type II — 10.2%/31.3%, type III 
— 23.7%/6.3%, type IV — 13.6%/18.8%, type V — 
5.1%/6.3%, type VI — 16.9%/25.0% and type NI was 
present only in male with a rate of 10.2%, p = 0.48.

For our purpose, the extratemporal part of the 
facial nerve was divided into three segments: the 
premandibular (FNT and its primary divisions), intrap-

Table 1. The mean values of the dimensions of the head depen-
ding on the gender

Length of the head 
[mm]

Width of the head 
[mm]

Cephalic 
index

Male 195.5 150.3 76.9

Female 188.0 147.2 78.3

Difference 7.5 3.1 –1.4

P 0.000 0.001 0.004 
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arotid (parotid plexus within the parotid gland) and 
postparotid (terminal divisions of the parotid plexus). 

A range of peculiarities concerning FNT direction, 
number, length, width and angle of bifurcation were 
identified on the premandibular segment of the facial 
nerve.

Three main directions of the FNT were established: 
the descending, ascending and horizontal ones. The 
descending direction was marked out in 73.3%, the 
ascending one — in 9.3% and the horizontal — in 
10.7%. Among the ascending FNT in 5.3% were de-
termined very short diffuse branching trunks and in 
1.3% an arch-shaped trunk was found (Fig. 1). 

All the directions of the FNT were characteristic 
of both male and female. The descending FNT had  
a male/female ratio of 69.5%/87.4%, the ascending — 
10.2%/6.3% and the horizontal one — 11.9%/6.3%. 
Number variants constituted 8.4% and were found 
only in male. 

The right/left ratio of the descending FNT was 
62.9%/82.5%; ascending — 11.4%/7.5%; horizontal 
— 11.4%/10%, and in 14.3%, only on the right hemi-
faces, were determined numerical variants. 

Depending on the anthropometric type of the 
head, only in MCT were identified all the directions 

of the FNT. Thus, descending FNT was pointed out 
in 70.6%, and each of the ascending and horizontal 
positions were revealed in 12.1%. Numerical variants 
were found in 5.2% (Fig. 1).

In brachycephalic individuals only the descending 
direction of the FNT was established. In dolichoce-
phalic individuals the descending FNT was present 
in 66.7% of cases, in 11.1% it had a horizontal po-
sition, and no ascending FNTs were found. Number 
variants were determined in 22.2%. The χ2 test for 
FNT direction depending on the anthropometric type 
of the head was not statistically significant, p = 0.25. 

The mean length of the FNT in male was 11.3 mm  
(5–21 mm) and in female — 10.4 mm (5–16 mm),  
p = 0.289. A similar mean length of 11.1 mm was de-
termined for both right (5–18 mm) and left (5–21 mm)  
hemifaces, p = 0.981. In mesocephalic individuals the 
mean length (mm) of the FNT was 10.9 ± 2.87, in brachy- 
cephalic individuals — 12.3 ± 3.54 and in dolichoce-
phalic ones — 10.9 ± 2.54, p = 0.474. The mean length 
(mm) of the FNT depending on the branching pattern 
for type I was 12.21 ± 3.33, type II — 11.00 ± 2.54,  
type III — 11.33 ± 2.93, type IV — 10.27 ± 3.85,  
type V — 11.50 ± 2.08, type VI — 10.07 ± 2.06 and 
type NI — 11.50 ± 3.11, p = 0.578.

Figure 1. Morphological variability of the facial nerve trunk on the premandibular segment; A. Descending facial nerve trunk (DFNT); B. Ascend-
ing facial nerve trunk (AFNT); C. Horizontal facial nerve trunk (HFNT); D. Very short diffuse branching trunk (DBT); E. Arch-shaped trunk (AST); 
F. Triple trunk; 1 — superior trunk; 2 — middle trunk; 3 — inferior trunk; G, H, I. Double trunk; AT — anterior trunk; PT — posterior trunk;  
ST — superior trunk; IT — inferior trunk. 

A B C

D E F

G H I
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The mean width of the FNT was 2.7 mm for both 
male (1.9–4.1 mm) and female (1.9–3.8 mm) ca-
davers, p = 0.629. The same mean value of 2.7 mm  
of the FNT width was established for both right  
(1.9–4.0 mm) and left (1.9–4.1 mm) hemifaces,  
p = 0.868. The width of the FNT was variable depend-
ing on the anthropometric type of the head. In MCT the 
mean width (mm) was 2.75 ± 0.49, in BCT — 2.81 ± 0.42, 
and in DCT — 2.40 ± 0.24, p = 0.151. Depending on 
the branching pattern the mean width (mm) of the FNT 
varied as follows: type I — 2.71 ± 0.49, type II — 2.64 ±  
± 0.37, type III — 2.70 ± 0.31, type IV — 2.82 ± 0.55,  
type V — 2.75 ± 0.34, type VI — 2.71 ± 0.57 and type 
NI — 2.95 ± 0.80, p = 0.950.

The curves of the central tendency and frequency 
of the FNT length and width distribution showed an 
asymmetry with the tail to the right (Fig. 2).

The mean value of the FNT bifurcation angle in 
male was 120.3° (40–180°) and in female — 142.7° 
(92–180°), statistically significant, p = 0.050. The 
right/left ratio of the mean bifurcation angle was 
127.4° (40–180°)/121.2° (74–180°), p = 0.483. In 
MCT the bifurcation angle had a mean of 124.98° ±  
± 34.17, in BCT — 119.14° ± 41.37, and in DCT — 
123.89° ± 35.83, p = 0.919. The bifurcation angle 
was statistically significant depending on the branch-
ing pattern, p = 0.005 (Table 2). 

The bifurcation of the FNT was determined in 84% 
of cases, the trifurcation in 6.6%, the quadrifurcation 
in 2.7%, the pentafurcation in 4%, and the hexafur-
cation in 2.7%. In all the cases of the FNT numerical 
variation, the trunks were connected to each other 
and then bifurcated. 

The numerical variants of the FNT were represent-
ed by double trunk in 5.3% and triple trunk in 1.3% 
(Fig. 1). The mean value of the FNT number variation 
was 1.1 FNT, p = 0.261. On the right side the mean 
was 1.2 FNT, and on the left — 1.0 FNT, p = 0.019. 

Depending on the anthropometrical type of the head 
the mean number of the FNT in MCT was 1.07 ±  
± 0.32, in BCT — 1.00 ± 0.00, and in DCT — 1.22 ±  
± 0.44, p = 0.311. Depending on the branching pat-
tern the mean value of the FNT number for types I, IV, 
V and VI was 1.00 ± 0.00, and for the types II, III and 
type NI were established the following mean values: 
type II — 1.09 ± 0.30, type III — 1.20 ± 0.56, type NI  
— 1.33 ± 0.52, p = 0.192. 

DISCUSSION
The majority of papers that concern the facial 

nerve branching pattern are based on 6 types report-
ed by Davis et al. [2]. Nevertheless, the branching 
pattern of the facial nerve includes a wider range of 
variation, thus, Pitanguy et al. [14] and Stankevicius 
et al. [18] have identified 8 branching patterns, 11 
types were described by Kopuz et al. [8] and 12 types 
were established by Martínez Pascual et al. [10]. In 
the current study 14 types were determined, includ-
ing atypical ones, initially classified as intermediate 
types [1], but finally redistributed and reclassified 
into 7 types. 

Three main directions of the FNT were established 
in the current study and according to our observation 

Table 2. Angle of the facial nerve trunk bifurcation depending 
on the facial nerve branching pattern 

Type of 
branching

Mean value ± standard 
deviation [o]

Mean value ± 95% 
confidence interval [o]

Type I 103.7 ± 23.67 103.7 ± 13.39

Type II 156.8 ± 29.24 156.8 ± 17.28

Type III 125.4 ± 37.97 125.4 ± 21.49

Type IV 108.7 ± 25.78 108.7 ± 15.98

Type V 135.7 ± 22.50 135.7 ± 25.46

Type VI 118.5 ± 35.03 118.5 ± 20.70

Type NI 135.4 ± 36.16 135.4 ± 31.70

Figure 2. Curves of the central tendency and frequency distribution of the facial nerve trunk length (A) and width (B).
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they depended on variation of the mastoid segment 
of the facial canal, but it is not excluded, that those 
variants may even depend on variability of the stylo-
mastoid foramen [5].

According to different sources, the length of the 
FNT is variable, thus, Wilhelmi et al. [20] reported  
a length between 5–15 mm, Kwak et al. [9] — 13.0 ±  
± 2.8 mm, Khoa et al. [7] — 14.1 mm, Salame et al. 
[16] — 16.44 ± 3.2 mm, and the highest mean value 
of 17.0 ± 4.54 mm was established by Pacheco-Ojeda 
et al. [13]. In our study the mean length of the FNT 
was 11.1 ± 0.7 mm. 

The width of the FNT is also variable. According 
to Martínez Pascual et al. [10] the width is 2.16 ±  
± 0.49 mm, Khoa et al. [7] reported 2.5 mm and 
Salame et al. [16] 2.66 ± 0.55 mm. In the current 
study the mean width was 2.7 ± 0.1 mm. 

Usually the FNT bifurcates into the temporofacial 
and the cervicofacial divisions [6, 10, 17]. Khoa et al. 
[7] obtained an angle of the FNT bifurcation of 91.2°. 
In our study the mean value in male was 120.3° and 
in female 142.7°, p = 0.050.

In some cases a trifurcation, or even multifurcation 
of the FNT is found [7–9, 12, 18, 19]. The reported 
incidence of the FNT bifurcation is about 80%, the 
trifurcation — 14% and numerical variants are found 
in 6% of cases [8, 18, 19]. In the current study the 
bifurcation of the FNT was established in 84% of cases 
(including 6.7% of number variation), trifurcation was 
established in 6.6% and multifurcation in 9.4% of 
cases. In cases of the facial canal dehiscence a double 
or triple FNT is present [8, 15, 19].

CONCLUSIONS
Three directions were characteristic of the FNT: 

descending, ascending and horizontal ones. The de-
scending FNT prevailed in female with a male/female 
ratio of 0.79:1. The ascending and horizontal direc-
tions of the FNT were higher in male individuals. For 
the ascending FNT the male/female ratio was 1.62:1, 
and for the horizontal one — 1.89:1. The highest rate 
of the FNT direction variability was characteristic of 
MCT and the lowest one for BCT. The descending FNT 
prevailed in all the anthropometric types. The length 
of the FNT was variable on all the examined criteria. 
The width of the FNT was the same for both genders 
and both sides of the head, but variable depending 
on the anthropometric type of the head and branch-
ing pattern. The angle of bifurcation was higher in 

female cadavers; on the right hemifaces; in MCT and 
in individuals with type II branching pattern. The nu-
merical variants were found only in male cadavers and 
only on the right hemifaces, but they were variable 
dependent on the anthropometric type of the head 
and pattern of branching.
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Different types of visual cells in the 
photoreceptor layer of the retinae of the 
treeshrew (Tupaia belangeri chinensis) as 
revealed by scanning microscopy
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Background: The retinae of treeshrew have never been evaluated by scanning 
electron microscopic studies. 
Materials and methods: This work described the visual cells in the photoreceptor 
layer of the retinae of treeshrew (Tupaia belangeri chinensis) living on the high 
plateau of Yunnan, China, via scanning electron microscopy. 
Results: Results indicated five morphologically different types of cones, two of 
which contain oil droplets in their inner segments. To our knowledge, no prior 
studies have reported oil droplets in the visual cells of higher mammals, only in 
lower vertebrate and primitive mammals. In addition, this study revealed one type 
of degenerative visual cell without outer segments. 
Conclusions: The findings signal the needs for additional studies to understand 
the physiological functions and phylogenetic relationships of the diversity of visual 
cells in this group of mammal. (Folia Morphol 2023; 82, 4: 798–804)

Key words: retina, Tupaia belangeri, treeshrew, cones, rods, scanning 
electron microscopy

INTRODUCTION
Treeshrews are small mammals found widely 

across Southeast Asia, including Malaysia, Singa-
pore, Thailand, Indonesia, and the Yunnan Province 
of China. The animal was first discovered in 1820 by 
two French zoologists, Diad and Duvancel. To date, 
scientists have classified the animal into two families 
(Tupaiinae and Ptilocercinae) under the order Scan-
dentia. The genus Tupaia is the largest group of all 
and contains the highest number of species found. 
Two common species known in this group are Tupaia 
glis and Tupaia belangeri. Most of the discovered 

Tupaia treeshrews are diurnal animals with only the 
Ptilocercus species being nocturnal. Some treeshrews 
are arboreal [13], and they usually live on small trees 
that allow them to leap from one tree to another. 
Treeshrews, being omnivorous [5], obtain nutrients 
from juicy fruits, seeds, and insects. They have an 
average life-span of 12 years, just like pet dogs. 

Treeshrews were initially classified as insectivores 
pre-1966, but they were later grouped under the or-
der of primate, then under scandentia [19]. Hasler and 
Sorenson (1974) [5] conducted a behavioural study on 
Tupaia chinensis and reported high activities of these 

https://orcid.org/0000-0003-4945-3978
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animals are found between 07:00 and 17:00 of the 
day. They spend most of their time on trees and move 
around by hopping. Tate (1947) [22] reported these 
animals usually stayed at altitudes of 1500–8000 ft., 
while spending half of their time searching for food 
in summer. In general, treeshrews rely on their vision 
more than olfaction [5]. 

The eyes of the treeshrews have been studied 
for almost half a century. The retinae of the Tupaia 
species have more cones with 4–5% rods [7], while 
the Ptilocercus spp., being nocturnal animals, might 
have retinae consisted mainly of rods. Either way, 
documented by a study performing fundoscopy on 
Tupaia glis [19], no macula was found in the retinae 
of these animals.

Müller and Peichl (1993) [14] studied the retinae 
in whole mount and semi-thin sections, they later 
concluded that the cones in the treeshrew retinae 
were 2 to 10 times the numbers of rods in the reti-
nae. Electron microscopic studies on the visual cells 
demonstrated that the cone cells had large and round 
groups of mitochondria at the apex of the inner seg-
ments (i.e. the apex of the ellipsoid region), which was 
termed as the “lens mitochondria” [9]. In fact, large 
number of mitochondria spread all the way down-
wards to the lower regions of the inner segments 
of cones, where they formed again dilated regions 
at the bases of these inner segments [9]. Recently, 
the treeshrews have been introduced as a model for 
myopic research [2].

Looking at other parts of the visual system in tree-
shrews, Campbell (1966) reported cross and uncross 
nerve fibres in the optic nerve of the Tupaia spp. [1]. In 
the lateral geniculate bodies, lamination was demon-
strated in Tupaia spp. [1], while no lamination was ob-
served in the nocturnal species of Ptilocercus spp. [20].

Despite the above findings, the different types of 
visual cells with different three-dimensional morphol-
ogies in the retinae of the treeshrews had never been 
recorded in the literature. Thus, we report here the 
different morphologies of various types of visual cells 
in the photoreceptor layer of the retinae of Tupaia chin-
ensis observed under scanning electron microscopy. 

MATERIALS AND METHODS
Animals and treatment

Five young adult treeshrews of the species Tupaia 
chinensis of an average of 4 inches in length (not 
including tails) were reared in the animal house of 

Yunnan Medical University. Unfortunately, these ani-
mals did not survive in long captivity and the brains 
and eyes were given to us in fixation upon death of 
the animals. The study was approved by the Research 
Coordination and Development Committee of the 
Hong Kong College of Technology, Shatin, New Ter-
ritories, Hong Kong.

Tissue preparation for scanning electron 
microscopy

The retinae were fixed in 2.5% glutaraldehyde 
buffered at pH 7.4 in 0.1 M Sorensen’s phosphate 
solution for 1 day. The eyes were bisected into ante-
rior and posterior halves. The posterior halves with 
retinae were then washed in 0.1 M Sorensen’s buffer 
at pH 7.4 for 3 times, 10 mins each. 1% aqueous 
osmium tetroxide was used to post-fix the tissues 
for 2 hours. The tissues were rinsed again with 0.1 M 
Sorensen’s buffer (pH 7.4) for 3 times, 10 mins each. 
Afterwards, the tissues were dehydrated in graded 
ethanol for 5 mins of different concentration. Drying 
of the tissues was done with a Ladd critical point 
dryer (40oC, 1300 psi), using liquid CO2 as the drying 
agent, and followed by cooling. The retinal layer with 
the pigment epithelium were mounted on a copper 
stub with double-sided sticky tape, followed by gold 
palladium coating in a sputter coater (Edwards S150B 
Sputter Coater). The retinae were ready for scanning 
under electron microscopic examination (JEOL JSM 
6301F, Japan).  

For semi-morphometry, the retinae of three ani-
mals were divided in to three equal sections, namely 
the central, the midperiphery, and the periphery 
regions. The central region was adjacent and near-
est to the optic nerve as the retina had no macula. 
The periphery region was adjacent to the limbus. 
The region in between the central and periphery 
region was termed as midperiphery. After treatment 
of the retinae for scanning microscopy, three ran-
dom areas of size 100 μm2 were taken from each 
region of each animal; and the numbers of rod cells 
observed under the scanning electron microscopy 
were expressed as a percentage of the numbers of 
total photoreceptors in those areas for each region. 
Statistical analysis was conducted using Prism 6 
(GraphPad Software, USA). Comparison of means 
was performed using one-way ANOVA and post-hoc 
Tukey’s test. P-values of < 0.05 were considered 
statistically significant (Table 1).
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RESULTS
General remarks

General morphological survey. The retinae of the 
treeshrews had closely aligned visual cells. Scanning 
electron microscopy indicated clusters of retinal pig-
ment epithelial cells as well as clusters of phagosomes 
in the ventricular space amongst the visual cells of 
the photoreceptor layer (Fig. 1). There were more 
cone cells found in the central region of the retinae 
than rod cells (Fig. 2), with some of the cones tightly 
packed together (Fig. 2). From the midperiphery on-
wards to the periphery region, increasing rod cells was 
observed. Rods were not found to be in small quantity 
in the species of Tupaia chinensis studied by us.

Specific visual cells

The Tupaia treeshrews’ retinae had slender and 
elongated rods with the outer and inner segments 
as roughly the same diameter under the coronal 
view (Fig. 3). The outer segment of the rods were of 
1–1.5 µm in diameter and the inner segments were 
about 1 µm in diameter. In the dark-adapted retinae, 
the longest outer segment observed in rod cells was 
more than 10 µm. Sometimes, the tips of the outer 
segments of rods could be inclined at an angle (Fig. 3).

There were at least five morphologically different 
cone cells found in the treeshrews. The first type of 
cones (cone A) (Fig. 4A) had an inner segment of 
4–5 µm in length; with a long ciliary stalk, reaching 
the length of 1–2 µm, and attaching to the outer 
segment. In rare cases, the ciliary stalk looked bifur-
cated (Fig. 4A). The outer segments of cone A were 
blade-shaped structures with average of 2.5–4 µm in 
length and diameter up to 1 µm (Fig. 4A). 

The second type of cones (cone B) were of two 
types (B1 and B2). B2 outer segments were generally 
conical in shape and had short inner segments at 
an average of less than 4 µm in height with a short  

Table 1. Measurement (ANOVA). Total percentage of rod cells 
in respective areas of the retina

ANOVA table SS DF MS F (DFn, 
DFd)

P value

Treatment  
(between  
columns)

1.540 2 0.7701 F (2, 24) 
= 209.2

< 0.0001

Residual (within  
columns)

0.08835 24 0.003681

Total 1.629 26

DF — degress of freedom; MS — mean squares; SS — sum-of-squares

Figure 1. Central retinae of treeshrew. P denotes phagosome and  
B denotes a cluster of pigments. Scale bar is 10 µm.

Figure 2. Central areas of the retinae displayed many different 
cones (C1–C5). C2 was shorter in length. Rods (R) were few.  
Scale bar is 10 µm.

Figure 3. Treeshrews’ retinae indicating a rod (R), rod outer seg-
ments (Ro), a rod inner segment (Ri). B denotes a type B1 cone 
and B0 denotes its conical outer segment. Very short cilium (if any) 
was seen between outer and inner segment of this type of cone. 
Scale bar is 1 µm.
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Figure 4. A. Cone types A and B. In cone A, Ao indicates blade-like outer segments, Ai denotes an inner segments and Ac denotes a cilium. 
An arrow shows possible bifurcation. Bo denotes outer segment tip of a B1 cone, and Be indicates ellipsoid region of the cone B1.  
Bi indicates thick inner segment of a cone B2. There were two types of B cones, namely B1 and B2. B1 contains unapparent cilia between 
outer and inner segments while B2 contains very short cilia. Scale bar 1 µm; B. Arrows indicate oil droplets in cone B. Scale bar 1 µm;  
C. Treeshrews’ retinae showing an inner segment (Ci) and an outer segment (Co) of cone C. Cone Cs were usually longer and slender with a long  
cilium (CI). B1 indicates B1 cones with large ellipsoid in inner segment. Scale bar 1 µm; D. B2 is a small cone with a short cilium (Bc). Bi de-
notes the inner segment and Bo indicates conical outer segment. D is a large hook-like outer segment of cone D, which contains a bulging and 
short inner segment. Scale bar 1 µm; E. A cone E with dilated inner segment at base and an oil droplet at top of inner segment (arrow). Scale 
bar 1 µm; F. A possibly degenerating cone F (F) with straight or hook like cilium (C) and no outer segment. Scale bar 1 µm.

A

B

D

E F

C
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0.5 µm diameter (Fig. 4A). Cone B1 was slenderer (B1)  
(Fig. 4A) and had a relatively dilated distal tip (the 
ellipsoid) of the inner segments (Figs. 4A, C), while 
some B1 cones had oil droplets (Fig. 4B). All B1 cones 
had no significant cilia (Figs. 4A–C). The ellipsoids 
housing the oil droplets contained the lens’ mito-
chondria below as described in the literature [15]. 
Cones B1 and B2 in many retinae were often seen in 
close proximity.

The third type of cones (cone C) had a long and 
strong cilium of 1.5–2 µm long in coronal view, ex-
tending from the 4 µm tall inner segment (Fig. 4E). 
Very few cone Cs had distally expanded inner seg-
ments (Fig. 4C). 

Cone Ds had round bodies of inner segments av-
eraged 4 µm in length with curved outer segments 
of 4 µm in length that appeared to be continuous  
(Fig. 4D). The outer segment, when magnified, ap-
peared as a cutting curved blade of a farmer’s knife 
(Fig. 4D). The base of the blade, at average, was about 
2.5 µm in diameter with a tip of about 0.25 µm. 

Apart from the forementioned types of cones, 
there was another type of cone with a broad and large 
proximal base of inner segment, which we named 
as cone E (Fig. 4E). These cones also had globular oil 
droplets (Fig. 4E).

Occasionally, long slender inner segments ending 
with cilia were also observed. As there was no ob-
vious outer segment seen in this type of cone cell, 
we named it as immature or degenerative cones F  
(Fig. 4F). Although labelled as a cone, it was also pos-
sible that it was a degenerating rod. Shedding of the 
tips of normal rods and cones at the outer segments 
was observed, resulting in the globular phagosomes 
in both cases (Fig. 5A, B).

Our morphometric studies revealed fewer number 
of rod cells found in the central region than the mid-
periphery and the periphery regions. The amount of 
rod cells observed were, however, not as few as those 
reported earlier (p < 0.05; Fig. 6) [7, 11, 14]. A lot 
of the previous studies conducted their observations 
with transmission electron microscopy or with histol-
ogy, thus the lack of three-dimensional morphology 
hampered the identification of visual cell types. 

Figure 5. Outer segment shedding in rod A (A) and cone B (B). When plasma membrane ruptures, globular phagosomes (arrows) are generated.  
Scale bar 1 µm.

Figure 6. Relative proportion of rods (in density) in the three  
regions of the retinae; **** denotes p ≤ 0.0001.
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DISCUSSION
Samorajski et al. (1966) [19] studied retinae of 

Tupaia glis, using electron microscopy and histology. 
The team reported the absence of macula in Tupaia 
glis, and the presence of both large and small sized 
cones together with rods in the retinae, with the latter 
at the periphery. Van Dongen et al. (1976) [23] also 
reported a higher proportion of cone cells among 
visual cells observed in the retinae of treeshrews. 
Kuhne (1983) [11] concluded there were only 5 rod 
cells in the retinae among hundreds of cone cells. 
Later, Immel and Fisher (1985) [7] reported 5% of 
rod cells in the retinae. In our study, more rods are 
demonstrated compared to those previous findings 
in the literature, though the rods were mostly in the 
periphery, they were not so few in number [23].

We unveiled the various types of morphologically 
diversified cones in the treeshrews’ retinae. Mosaic of 
cones were recognized in these animals by modern 
technique using optical coherence tomography [18]. 
Cone A were found to dominate the central retinae 
where rods were rarely seen. This cone type contains 
a blade-shaped outer segment, which connects to the 
inner segment with a long cilium. Cone B was with 
the classical conical-shaped outer segments, which 
appeared to coincide in shape with the red spectrum 
cones suggested by Müller and Peichl (1989) [15] in 
their transmission electron microscopy study. Two 
types of B cones were discovered, B2 had short cilia 
while B1 had no visible cilia between the outer and 
inner segments. B1 contained an oil droplet inside the 
ellipsoid of the inner segment. The other two types 
of cones (cone C and E) were different in shape, with 
cone C being slender and with a long cilium, while 
cone E had a broad-based inner segment. As cones A 
were found to be abundant in the treeshrews studied 
here and considering treeshrews being active under 
the sun in high plateau areas, these cone As may be 
related to the yellow spectrum of vision. The other 
three types of cones, B, C and E, were probably related 
to the two remaining light spectra of blue and green 
wavelengths documented in the literature [9, 15]. 
The oil droplet found in cone E and B1 might act as 
filters for certain wavelengths similar to those found 
in chickens [24]. Since the blue spectrum is near to 
the ultraviolet spectrum, it is likely that those cones 
are located in the peripheral retina. Cone D, with the 
presence of hook-like outer segments, had never been 
reported in vertebrates. Finally, cone F visual cells had 
a cilium and no outer segment, and were speculated 

to be vestigial or degenerating structures. Develop-
mental defects in the retinae have been documented 
in cave animals and nocturnal animals, such as fish 
and serpent snake [6, 8, 12], or in degenerative cones 
that have lost their outer segments [25]. Considering 
the extrusion of cell bodies into the interreceptor 
matrix in the eyes of these animals (unpublished his-
tological observation) and that the habitat of these 
animals is on the highland exposed to bright sunlight 
and ultraviolet radiation, some retinal degeneration is 
possible. Intense light causing retinal degeneration in 
addition to lens degeneration had been documented 
in the rodents [3]. One of the moves treeshrews took 
to protect themselves from light damage is the choice 
to live on short trees and branches rather than on the 
top of tall trees. The treeshrews, once were termed 
as a primitive “primate”, deserved to be investigated 
further for its evolutionary and biological values.

The various cone cells reported in treeshrews in 
this study are similar to those found in lower ver-
tebrates, e.g. fish, turtle [10, 17], birds [4, 24] and 
in primitive mammals like platypus [16] but not in 
monotremal anteaters [26], in that some of their 
cones displayed oil droplets. Oil droplets could act 
as microlens for spectral filtering [21]. As far as these 
were concern, retinae in treeshrews retained primitive 
features not found in most mammals.

CONCLUSIONS
In here, we were able to distinguish various novel 

types of cone cells by scanning electron microscopy 
in the photoreceptor layer of the treeshrews’ retinae. 
The differences in physiology of each cone cell type 
should be taken into further studies and hopefully the 
phylogenetic position of the treeshrew could also be 
further evaluated.
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Background: The endoscopic endonasal approach is common in the treatment 
of pathologies in and around the cavernous sinus. This cadaveric study aims to 
examine the anatomy of the cavernous sinus to guide endoscopic studies and 
determine points to consider during surgical approaches.
Materials and methods: For this study, a total of 7 cadavers, 4 male and 3 female, 
were injected with coloured silicone and dissections were performed under the 
microscope. The characteristics of the surgical corridors encountered during the 
transsphenoidal, transsellar and transcavernous approaches were examined and 
their images were recorded.
Results: The stages and limitations of surgical approaches to the cavernous sinus 
in cadavers are presented. The anatomical features of the triangles defined in the 
cavernous sinus and the structures they contain are explained. It was determined 
that the surgical field formed by clinoidal and anteromedial triangles could be 
used effectively to reach cavernous sinus pathologies during endoscopic endonasal 
interventions. It was also observed that supratrochlear and infratrochlear triangles 
are dangerous for such surgical interventions.
Conclusions: The detailed anatomical features related to the cavernous sinus, 
revealed in our cadaveric study, are valuable in terms of preventing complications 
that may occur during surgical interventions. (Folia Morphol 2023; 82, 4: 805–813)

Key words: cadaver, endoscopic endonasal, transcavernous approach, 
transsphenoidal surgery, cranial nerves, internal carotid artery

INTRODUCTION
The cavernous sinus (CS) has a complex anatom-

ical structure and contains many important neuro-
vascular structures. In addition to the venous vas-
cular network, the internal carotid artery (ICA) and 
abducens nerve pass through the CS, which has four 
walls surrounded by the dura mater. Its lateral wall, 
from top to bottom, contains oculomotor, trochlear, 
ophthalmic and maxillary nerves [2]. Its medial wall 

is adjacent to the sella turcica and the sphenoidal 
sinus [30]. All these structures are at risk of being 
damaged during surgical procedures involving the 
CS and surrounding areas [19, 28].

Cavernous sinus was considered a “no man’s land” 
for many years until Parkinson (1965) performed  
a microsurgical approach to this area in 1965 and 
explained its surgical anatomy [24]. Repeated surgical 
interventions over the years have demonstrated that 
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the CS and its surroundings are surgically accessi-
ble. However, it has been reported that transcranial 
methods cause damage to important neurovascular 
structures. Since this method has a high morbidity 
rate, it has been avoided by surgeons over time [9].

Various endoscopic endonasal methods have been 
described in the last 30 years and these methods have 
begun to replace the open surgical approach [14]. The 
development of transsphenoidal and transmaxillary 
endoscopic techniques has made safe access to many 
parts of the CS possible. The identification of different 
surgical corridors in the studies [6, 8, 18, 27, 32] pro-
vided endoscopic access to CS and its surroundings.

Widespread application of the transcavernous 
approach by surgeons has facilitated access to tu-
mours located in and around the CS [20, 32]. While 
midline interventions were frequently performed in 
previous years, the application of extended endo-
scopic endonasal approaches allowed surgical access 
to the lateral portions of the CS [21]. The triangular 
fields formed between the anatomical structures on 
the CS contributed to the understanding of the ana-
tomical neighbourhoods observed in the endoscopic 
interventions [1]. However, neurovascular structures 
within these defined areas should be examined from 
different perspectives in order to safely perform min-
imally invasive surgical interventions.

This study explains in detail the anatomy of the CS 
and the complex neurovascular structures encountered 
during endoscopic endonasal surgical interventions, 
thus minimising the risk of complications that may 
occur during minimally invasive surgical procedures.

MATERIALS AND METHODS
This research was performed in line with the prin-

ciples of the Declaration of Helsinki. Approval was 
granted by the Ethics Committee of Prof. Dr. Mazhar 
Osman Mental Health and Neurological Diseases 
Training and Research Hospital (Date: 06.09.2016/ 
/Ethics approval number: 571).

A total of 7 adult cadavers, 4 male and 3 female, 
were dissected and prepared for further examination. 
The cadavers of adults over the age of 18 who had not 
undergone previous craniofacial surgery were includ-
ed in the study. Disruption of the integrity of the skull 
base anatomy and severe damage to the bone and 
mucosal tissue were determined as exclusion criteria. 
The study was carried out in the Microneurosurgery 
and Neuroanatomy Laboratory of Cerrahpaşa Medical 
Faculty between October and December 2016.

All cadavers were injected with silicone dye and 
preserved in 75% alcohol. During the preparation 
phase, the cadavers were positioned supine. A micro-
scope unit was placed in front of the surgeon. After  
a surgical drill and aspirator were placed, the proce-
dure was initiated. Dissections were performed using  
a microsurgery kit with a microscope (Zeiss OPMI Pico, 
Oberkochen, Germany) at 4× and 40× magnification. 
The high-speed surgical drill (Medtronic, USA) and 
an angled drill bit were used for the drilling process. 
The skull base images of the cadavers were obtained 
using a macro lens camera (Canon EOS 650 D, Tokyo,  
Japan).

The heads of the cadavers were fixed on the ta-
ble using a 15-degree flexion position. The skin and 
subcutaneous tissue up to the orbicularis oculi mus-
cle superiorly, the maxillary sinus inferiorly, and the 
malar eminence inferiorly and laterally were passed. 
The nasal septum was preserved, and the ala of the 
nose was removed. Then, the anterior wall of the 
maxillary sinus was drilled superiorly to the level of 
the maxillary nerve. The maxillary sinus mucosa and 
medial wall were removed, preserving the inferior 
nasal concha. The nasal septum was removed. The 
parts of the nasal conchae, except for the bone at-
tachment areas, were excised to permit wider surgical 
exploration. The posterior wall of the maxillary sinus 
was removed with a drill and the pterygopalatine 
fossa was reached. An anterior sphenoidotomy was 
performed. The sinus mucosa and sphenoid septum 
were removed. Surgical margins were determined by 
imaging the base of the sella, sphenoidal plane, clivus, 
opticocarotid recess, optic protuberance and carotid 
protuberance. After the pterygoid process resection, 
the surgical anatomy of the sphenoidal sinus lateral 
wall, Meckel’s cave, CS, ICA, and the pathways to the 
petrous apex were examined.

RESULTS
After the alae of the nose of the cadavers were 

removed, the medial nasal septum and the later-
al middle and inferior nasal concha were detected. 
During endoscopic endonasal surgery, it’s critical to 
stay oriented so as not to gravitate towards the an-
terior cranial fossa. One of the important anatomical 
structures for orientation is the choana; following 
choana localization, the inferior, middle, superior and, 
if present, supreme nasal concha should be defined.

Lateral to the middle nasal concha, the uncinate 
process anteriorly and ethmoidal bulla posteriorly 
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were exposed. Maxillary hiatus was observed in the 
middle or posterior 1/3 parts of the ethmoidal bulla. 
The choana was seen postero-inferior to the nasal 
cavity, posterior to the inferior nasal concha, and 
medial to the vomer.

One of the structures encountered in the first 
stage of surgery is the nasal septum, which consists 
of cartilage anteriorly and bone posteriorly. Most sur-
gical approaches require a posterior nasal septectomy 
[23]. The sphenoethmoidal recess, where the sphenoi-
dal sinus is opened, is one of the structures used to 
locate the sinus during surgery. If the sphenoethmoi-
dal recess is followed superiorly to the choana, the 
opening of the sphenoidal sinus is reached [29].

Transsphenoidal approach

Without resection of the nasal septum, the middle 
and superior nasal concha was retracted laterally, and 
bilateral openings of sphenoidal sinuses were found. 
The opening of the sphenoidal sinus was detected 
just infero-medial to the superior nasal concha. As 
a result of the measurements, the opening of the 
sphenoidal sinus was determined approximately  
15 mm superior to the choana or in the middle of the 
distance between the nasal septum and the superior 
nasal concha.

Conchae were resected bilaterally, and after the 
nasal septum mucosa was scraped subperiosteally, 
total nasal septectomy was performed. Both openings 
of sphenoidal sinuses were joined (Fig. 1). Intersphe-
noid septums were resected. During dissection of 
the inferolateral part of the sphenoidal sinus, care 
should be taken not to damage the vidian nerve 
and the sphenopalatine artery. The sphenopalatine 
artery was located in the inferolateral corner of the 
sphenoidal sinus and approximately 1 cm anterior to 
the posterior border of the middle nasal concha. The 
sphenoidal sinus was enlarged until the sphenoidal 
plane and anterior skull base in the superior, the 
sella in the postero-superior, the clival recess in the 
postero-inferior, and both paraclival carotid protuber-
ances in the lateral appeared (Fig. 2). The opening of 
sphenoidal sinuses was seen just above and medial 
to the insertion site of the superior nasal concha in 
four of seven cadavers. 

Transsellar approach

The sellar fossa was enlarged with a 3 mm drill and 
the sellar dura was exposed (Fig. 3). Maximum care 
should be taken not to damage the CS and pituitary 
gland during drilling. In standard approaches to the 
sellar region, it is sufficient to limit dural exposure 

Figure 1. The anterior wall of the sphenoidal sinus was drilled to reach the sinus. Anterior sphenoidotomy was performed by drilling the inferi-
or of the opening of the sphenoidal sinus to reveal the relationship between the opening of the sphenoidal sinus and the sella. It was observed 
that the opening of the sphenoidal sinus was at the same level as the base of the sella. After the sphenoidal sinus mucosa was removed,  
a septum directed towards the right carotid protuberance was seen; INC — inferior nasal concha; MNC — middle nasal concha; MPM —  
medial pterygoid muscle; SSS — septum of sphenoidal sinuses; SPA — sphenopalatine artery.
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between the anterior intercavernous sinus superi-
orly and the inferior intercavernous sinus inferiorly. 
The sellar dura was opened in a rectangular shape, 

preserving the cavernous portion of the ICA, and 
the pituitary gland was exposed (Fig. 4). The neuro-
hypophysis was revealed by retracting the pituitary 

Figure 2. Some important points during the surgery were detected in the sellar type sphenoidal sinus. Carotid protuberance formed by the 
sellar prominence in the midline in the coronal plane and by the internal carotid artery in the antero-lateral of the sella was observed. Anterior 
to this prominence is the optic prominence. An opticocarotid recess was observed in the pit area between the optic protuberance and the 
carotid protuberance; CP — carotid protuberance; INC — inferior nasal concha; MNC — middle nasal concha; OP — optic protuberance;  
PN — palatine nerves; V2 — maxillary nerve.

Figure 3. The anterior wall of the rectangular sella turcica was opened at the border of the anterior and inferior intercavernous sinuses. Medial  
opticocarotid recess (MOR) and lateral opticocarotid recess (LOR) were observed within the sinus. MOR was seen as a pit at the junction  
of the paraclinoid internal carotid artery, which was the optic nerve. LOR was observed lateral to the carotid protuberance and inferior to the 
optic canal. The clival recess starts from the dorsum sella at the posterior border of the sella turcica and extends to the inferior wall of the 
sphenoidal sinus. Laterally, it is surrounded by carotid protuberances; CP — carotid protuberance; INC — inferior nasal concha; MNC —  
middle nasal concha; MPM — medial pterygoid muscle; OP — optic protuberance; SPA — sphenopalatine artery; V2 — maxillary nerve.
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gland superiorly. In addition, the pituitary gland was 
retracted medially, exposing the medial wall of the 
CS and the inferior hypophyseal artery. Then, the pi-
tuitary gland was resected and the sellar diaphragm 
was exposed.

Transcavernous approach

First of all, the conchae were resected to enlarge 
the surgical area. The medial and posterior walls of 
the maxillary sinus were removed. Sphenoidotomy 
was performed using the opening of the sphenoidal 
sinus as a landmark. Since the dura mater is thin and 
the nerves are just below this layer, particular care 
should be taken not to injure the abducens nerve 
at this stage. A periosteal incision was then made 
over the superior orbital fissure and the cavernous 
portion of the ICA (Fig. 5). After reaching the CS, the 
oculomotor, ophthalmic, and maxillary nerves were 
observed on the lateral wall. The abducens nerve 
and trigeminal ganglion were located on the medial 
wall. The trochlear nerve was not clearly seen from 
this angle.

The structures forming the borders of the triangles 
should be considered during the surgery and their 
course should be examined. The clinoidal triangle, 
which is defined as the region among the optic nerve, 
oculomotor nerve and ICA, was determined. Then, 
the anteromedial triangle located between the line 

connecting the ophthalmic nerve, maxillary nerve, 
foramen rotundum and superior orbital fissure was 
evaluated [4, 13].

When the dura on the CS was opened, the oph-
thalmic nerve was seen superiorly and the abducens 
nerve was observed just anteriorly to it. The maxillary 
nerve was traced backward from the foramen rotun-
dum. It was observed that the V1 and V2 divisions of 
the trigeminal nerve merged in the trigeminal gan-
glion. After removing the bone and periosteum over 
the superior orbital fissure, the oculomotor nerve was 
exposed. The oculomotor, ophthalmic and abducens 
nerves entering the superior orbital fissure were seen. 
The trochlear nerve located posteriorly was observed 
after exclusion of the ophthalmic nerve.

The optic protuberance was drilled and traced up 
to the common tendinous ring, and the optic nerve 
was exposed. The supratrochlear triangle between 
the oculomotor nerve and the trochlear nerve was 
identified. Then, the infratrochlear triangle between 
the trochlear nerve and V1 division of the trigeminal 
nerve was exposed [13]. However, because it requires 
cranial nerve manipulation, this was not evaluated as 
a surgical corridor that could be used with endoscopic 
endonasal methods (Fig. 6).

In order to expose the posterior part of the CS, 
the superior nasal concha and posterior part of the 
ethmoidal sinus were resected. The uncinate process 

Figure 4. For extensive exploration, the hypophyseal fossa was opened lateral to both cavernous internal carotid arteries laterally and posterior 
to the level of the optic chiasm superiorly. Maximum care should be taken against internal carotid artery damage while the lateral border is  
being excised with the aid of a drill; ICA — internal carotid artery; INC — inferior nasal concha; IRM — inferior rectus muscle; MPM — medial  
pterygoid muscle.



810

Folia Morphol., 2023, Vol. 82, No. 4

Figure 5. After the periosteum on the cavernous sinus was removed and the internal carotid artery was retracted medially, the inside of the 
sinus was reached. The oculomotor, ophthalmic and maxillary nerves are located on the lateral wall, while the abducens nerve and trigeminal 
ganglion are located on the medial wall. The trochlear nerve is not usually seen from this angle. In the region among the optic nerve, oculo-
motor nerve and internal carotid artery, the clinoidal triangle is detected. The anteromedial triangle is examined in the area between the line 
joining the ophthalmic nerve, maxillary nerve, foramen rotundum and superior orbital fissure; BA — basilar artery; CN II — optic nerve;  
CN III — oculomotor nerve; CN VI — abducens nerve; ICA — internal carotid artery; Inf — infundibulum; IRM — inferior rectus muscle;  
MB — mammillary body; MRM — medial rectus muscle; OCh — optic chiasm; OT — olfactory tract; SCA — superior cerebellar artery;  
SPA — sphenopalatine artery.

Figure 6. The oculomotor nerve, ophthalmic and abducens nerve in the cavernous sinus are seen. The trochlear nerve is not seen from the 
anterior view in the endoscopic endonasal approach. The most superficial region contains the abducens nerve. The ophthalmic nerve is lo-
cated below the abducens nerve and the trochlear nerve is located posterior to these; therefore, the structure with the least risk of injury in 
lateral skull base approaches is the trochlear nerve. When the ophthalmic nerve is retracted to the inferior, there is the oculomotor nerve, the 
trochlear nerve, and the supratrochlear triangle located between the dura layers of these two nerves. When the ophthalmic nerve is pulled up, 
the infratrochlear triangle becomes visible; AICA — anterior inferior cerebellar artery; AZ — annulus of Zinn; BA — basilar artery; CN III — 
oculomotor nerve; CN VI — abducens nerve; ICA — internal carotid artery; IRM — inferior rectus muscle; MB — mammillary body; MPM — 
medial pterygoid muscle; MRM — medial rectus muscle; OCh — optic chiasm; PPG — pterygopalatine ganglion; SCA — superior cerebellar 
artery; SPA — sphenopalatine artery; Unc — uncus of the temporal lobe; V2 — Maxillary nerve; VN — vidian nerve.
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was resected to expose its lateral wall. The base of the 
sella was resected towards the carotid prominence 
up to the pterygoid process, and the inferior of the 
CS was exposed. After exposure of the vidian nerve,  
a triangular region was detected lateral to the ICA. 
This triangle was formed inferiorly by the vidian nerve. 
The lateral edge of the triangle is formed by the me-
dial plate of the pterygoid process, and the medial 
edge by the ICA. After the dura covering the triangle 
was opened, oculomotor, abducens and maxillary 
nerves were exposed. The described CS sections were 
examined in detail with ICA exclusion. 

DISCUSSION
While the first endoscopic studies generally ad-

dressed pituitary adenomas, over the years the surgi-
cal field has been expanded from anterior to posterior. 
Endoscopic surgery’s success encouraged surgeons 
to use it in approaching lateral and posterior skull 
base lesions as well. To reach these regions, it was 
necessary to apply extended endoscopic endonasal 
methods [3].

Surgery to the CS region is challenging because of 
the important neurovascular structures in the sinus. 
The CS is generally divided into four compartments 
that include medial, lateral, anteroinferior, and poste-
ro-superior. Transsphenoidal [12], transmaxillary [5],  
and transethmoidal [7] approaches have been de-
scribed to safely reach different parts of the CS and 
adjacent structures. While endoscopic midline trans-
sphenoidal surgery is sufficient to reach the medial 
part of the CS, extended approaches are often needed 
to reach the lateral part.

The primary pathologies of CS are meningiomas, 
neurogenic tumours and haemangiomas. These 
pathologies mostly tend to locate in the lateral part 
of the CS. Secondary tumours are pituitary adenomas, 
chordomas, chondrosarcomas, perineural spread of 
head and neck malignancies, and hematogenous 
spread of distant lesions. The localization of these 
pathologies can vary widely. Pituitary adenomas 
mostly involve the medial and postero-superior com-
partments, while chordomas and chondrosarcomas 
involve the antero-inferior compartment. The en-
donasal route is safer than other invasive procedures 
used to reach CS-invading lesions because of the 
intervention through the medial wall of the CS, which 
is devoid of cranial nerves [22]. 

There are some points to be considered during the 
endoscopic endonasal approach to CS. The meningeal 

wall of the CS has three weak points where tumours 
can invade more easily. These are the venous plexus 
around the superior orbital fissure, the medial wall 
adjacent to the pituitary gland, and the meningeal 
sheaths of the cranial nerves, where the dural layer is 
either very thin or absent [16]. Although there are two 
layers, meningeal and endosteal, on the lateral and 
superior walls of the CS, there is one layer on the me-
dial wall [30]. In some cases, this layer is also absent or 
missing [10, 11]. Depending on the ICA localization, 
there are venous compartments of different shapes 
and sizes within the CS. These are called the superior, 
inferior, lateral, and medial compartments. While the 
venous space medial to the ICA is 48% dominant, the 
lateral venous space is 22% dominant [25]. In some 
cases, the pituitary gland may cover the intercavern-
ous portion of the ICA with a protrusion [26].

Although the majority of nonfunctional pituitary 
adenomas are not aggressive or invasive, their spread 
into the CS can be explained by these features [31]. 
Due to the decompression of the sinuses after excision 
of the lesion, abundant venous bleeding may occur. 
These bleedings can be stopped by using suitable 
haemostatic materials. In addition, the risk of venous 
bleeding in endoscopic endonasal approaches is not 
different from the microscopic method [15]. Being 
away from the ICA and not damaging the cranial 
nerves below the dura is vital in removing the dura on 
the CS during the opening phase. The location of the 
tumour and the direction in which it displaces the ICA 
can be used to determine the opening of the dura.

In this study, first of all, the stages of transsphe-
noidal and transsellar approaches and points to be 
considered during the surgery were emphasized. 
Then, the surgical corridors encountered during the 
transcavernous stage were discussed. After opening 
the dura with the endoscopic endonasal method, 
the oculomotor nerve superiorly and the ophthalmic 
nerve inferiorly were identified. The abducens nerve 
was observed anterior and medial to the ophthalmic 
nerve, and the maxillary nerve was observed below it. 
The methods required for safe surgery were defined 
using the various sites and intervals in the CS.

Our study examined the clinoidal triangle, one of 
the smallest surgical fields defined in CS. Medial to 
the clinoidal triangle is the optic nerve, bounded by 
the optic canal, and lateral to it is a line drawn be-
tween the oculomotor nerve and the superior orbital 
fissure. The base of this triangle corresponds to the 
dura layer lying behind the medial and lateral border. 
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The clinoidal triangle is where the oculomotor nerve 
meets the lateral CS. The oculomotor nerve then 
enters the superior orbital fissure under the anterior 
clinoid process and lateral to the ICA. The contents of 
the clinoidal triangle can be reached after drilling the 
anterior clinoid process with supraorbital approaches. 
The morphology of the venous structure in this part 
of the ICA is highly variable. The anteromedial triangle 
(Mullan’s triangle) is located between the first two 
branches of the trigeminal nerve. The ophthalmic 
nerve is located in the medial border of this triangle 
and the maxillary nerve is located in the lateral border 
of this triangle. The base of the anteromedial triangle 
is the line connecting the point where the ophthalmic 
nerve passes through the superior orbital fissure and 
the point where the maxillary nerve passes through 
the foramen rotundum [4, 13]. Although the ICA 
covers most of the CS, the opening formed by the 
clinoidal and anteromedial triangle allows access to 
other structures and pathological formations within 
the CS. It was stated that these potential sites fa-
cilitate endoscopic endonasal access to the middle 
cranial fossa [17].

On the lateral wall of the CS, a supratrochlear 
triangle is formed between the oculomotor nerve 
medially and the trochlear nerve laterally. At the base 
of this triangle is the dura layer, which lies between 
the entry points of these two cranial nerves. This 
triangle is suitable for examining the intracavernous 
portion of the ICA. However, great care should be tak-
en because of the possibility of bleeding that can be 
caused by the meningohypophyseal trunk. This vein 
should be identified as a priority during interventions. 
The infratrochlear triangle (Parkinson’s triangle) was 
defined by Parkinson in 1965 with the aim of safely 
reaching the lesions in the CS [24]. The medial border 
of this triangle is formed by the inferior surface of 
the trochlear nerve on the lateral wall of the CS from 
the sinus entrance to its exit. On the lateral border 
of the infratrochlear triangle is the superior surface 
of the ophthalmic nerve [4, 13]. Reaching the su-
pratrochlear triangle and the infratrochlear triangle 
is seen as dangerous because they are narrowed by 
the cranial nerves. The anterior part of these two 
triangles is narrow and their posterior part is wide, 
but the abducens nerve limits the forward passage 
[17]. Similarly, during this cadaveric study, it was 
observed that the supratrochlear and infratrochlear 
triangles were not suitable for endoscopic endonasal 
approaches.

CONCLUSIONS
In this cadaveric study, the anatomy of the CS 

and the surgical sites encountered during endoscopic 
endonasal interventions in this region were exam-
ined. The limitations of surgical techniques and the 
points to be considered were described. Detailed 
information and recommendations needed to reduce 
complications that may occur during the treatment 
of various lesions encountered in CS were presented.
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Background: This study aimed to evaluate the morphometrical features of left 
atrial appendage (LAA) in patients with atrial fibrillation, subjected to LAA per-
cutaneous closure (LARIAT) for stroke prevention. 
Materials and methods: Computed tomography (CT) scans of 51 patients with 
atrial fibrillation subjected to LARIAT procedure were comparatively evaluated with 
50 patients with sinus rhythm (control group). Three-dimensional reconstructions 
were created using volume-rendering for evaluation. 
Results: No differences were found in LAA types of distribution (cauliflower: 
25.5 vs. 34.0%, chicken wing: 45.1 vs. 46.0%, arrowhead: 29.4 vs. 20.0%, all  
p > 0.05) between groups. However, the study group was characterized by LAAs 
with a lower number of lobes. The LAA orifice anteroposterior and transverse 
diameters (19.3 ± 4.12 vs. 17.2 ± 4.0 mm, p = 0.01 and 25.1 ± 5.1 vs. 20.5 ±  
± 4.4 mm, p = 0.001), orifice area (387.2 ± 133.9 vs. 327.1 ± 128.3 mm2,  
p = 0.02) and orifice perimeter (70.2 ± 12.5 vs. 61.2 ± 11.6 mm, p = 0.04) was 
significantly larger in atrial fibrillation patients. More oval LAA orifices was found 
in atrial fibrillation group (94.0 vs. 70.4%, p = 0.001). No statistically significant 
differences were found in LAA body length (47.4 ± 15.4 vs. 43.7 ± 10.9 mm, 
p = 0.17), body width (24.7 ± 5.6 vs. 24.4 ± 5.8 mm, p = 0.81), and chamber 
depth (17.7 ± 3.5 vs. 16.5 ± 3.8 mm, p = 0.11). Calculated LAA ejection fraction 
was significantly lower in study group compared to healthy patients (16.4 ± 14.9 
vs. 48.2 ± 12.9%, p = 0.001).
Conclusions: Important morphometrical differences in LAA orifice have been 
found, which was significantly larger and more oval in patients with atrial fibril-
lation compared to healthy controls. Although no difference in LAA body type 
and size was observed; the LAA ejection fraction was significantly lower in atrial 
fibrillation rhythm patients. (Folia Morphol 2023; 82, 4: 814–821)

Key words: left atrial appendage closure, left atrial appendage shape, 
atrial fibrillation, stroke
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INTRODUCTION 
The left atrial appendage (LAA) is a small, irregular 

shape structure, outpouching from the left atrium 
(LA) of the heart [23]. LAA is a remnant of the prim-
itive atrium developed in early gestation. It is prov-
en that LAA takes part in the regulation of volume 
homeostasis through its mechanical function and 
neurohormonal secretion [12]. Moreover, the LAA is 
a well-established source of cardiac thrombogenesis 
and arrhythmogenesis [20]. For more than half of  
a century, the LAA is considered a primary source  
of cardioembolic events in patients with atrial tachy-
cardia (atrial fibrillation [AF]) [28]. Numerous morpho-
logical features of the LAA, which include multilobular 
and trabeculated structure and small orifice with  
a narrow neck, predispose to turbulent blood flow 
and local blood stasis, thereby increasing the risk 
for thrombosis [20, 21]. Nevertheless, no consensus 
was reached as to which specific LAA morphometric 
features increased the risk of thrombogenicity.   

Anticoagulation therapy is a standard of care to 
prevent cardioembolic stroke in patients with AF 
[14]. In patients with a high risk of bleeding, con-
traindications to anticoagulants, intolerance, or low 
patient compliance the LAA closure was proposed 
as an alternative approach to eliminate cardioem-
bolic stroke risk [11]. This led to the development 
of several surgical and percutaneous approaches 
to close/exclude the LAA based on three concepts: 
plug, pacifier principle, and ligation [4]. Among the 
ligation techniques, the LARIAT (SentreHEART, Inc., 
Redwood City, CA, USA) procedure is a distinguished 
percutaneous adaptation of the surgical exclusion of 
LAA with a suture, used as an alternative to open-
heart surgery [2]. Although the LARIAT procedure can 
be performed effectively with acceptably low com-
plications, some short- and long-term complications 
of the intervention may occur [16]. The frequency 
of peri- and post-procedural complications can be 
lowered by adequate patients selection thanks to 
computed tomography (CT) evaluation of the LAA 
shape and size and detailed pre-procedural planning 
[26]. Morphology of the LAA can significantly affect 
pathophysiological properties of the LAA, choice of 
closure technique, the course of the procedure, its 
results, and complications [4, 23]. The present study 
aims to compare the LAA morphometrical features 
between patients with AF subjected to LAA percuta-
neous closure using LARIAT device and sinus rhythm 
patients using cardiac CT.

MATERIALS AND METHODS 
The current study was conducted at the Depart-

ment of Anatomy and the Department of Cardio-
vascular Surgery and Transplantology at the Jagiel-
lonian University Medical College, Krakow, Poland. 
The study was conducted according to the princi-
ples expressed in the 1975 Declaration of Helsinki 
and was approved by the Bioethical Committee of 
the Jagiellonian University in Krakow, Poland (No. 
1072.6120.4.2020). 

Study population 

The study evaluated 101 contrast-enhanced elec-
trocardiograms (ECG) gated CT scans of hearts of 
which 51 were of consecutive adult patients with AF 
and who underwent percutaneous closure of the LAA 
with the LARIAT device (41.2% females, mean age 
of 61.0 ± 10.35 years) (study group). The CT scans 
were performed prior to the LARIAT procedure. The 
remaining 50 scans (control group) were of randomly 
selected adult patients subjected to non-invasive cor-
onary arteries evaluation (50% females, mean age of 
57.8 ± 14.45 years) of which inclusion criteria were: 
no history of ischaemic stroke, no AF, and absence 
of any significant structural heart defects. All sample 
patients gave written informed consent. The medical 
history of all included patients was reviewed, and 
the following data were extracted: sex, age, body 
mass index, existing comorbidities (i.e. hypertension, 
hyperlipidaemia, chronic heart failure, coronary ar-
tery disease, chronic obstructive pulmonary disease, 
diabetes mellitus, history of stroke, and history of 
myocardial infarction), heart rhythm status, and the 
medication’s usage. The following scores were calcu-
lated: Canadian Cardiovascular Society (CCS) grading 
of angina pectoris and New York Heart Association 
(NYHA) Functional Classification and CHA2DS2-VASc 
Score for Atrial Fibrillation Stroke Risk.  

Cardiac computed tomography

Every patient underwent a per-protocol con-
trast-enhanced ECG gated CT scan. All scans were 
performed in sinus rhythm. If the patient’s heart rate 
was over 70 bpm before the cardiac CT examination, 
the patient was administered 10 or 40 mg of pro-
pranolol or 40 mg of verapamil, depending on the 
physician’s recommendation. The examination was 
performed using a 64-row dual-source scanner (Sie-
mens, Erlangen, Germany). The image acquisitions 
were collected during a deep inspiration breath-
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hold. The imaging parameters for dual-source CT 
were: a tube voltage of 100–120 kV and an effective 
tube current of 350–400 mA. The collimation and 
temporal resolution were 2 × 32 × 0.6 mm and  
165 ms, respectively. The time of arrival of the con-
trast agent to the ascending aorta was determined 
at the level of the tracheal bifurcation and achieved 
with the test bolus method. Then, the 15 mL of 
contrast agent was infused, which was followed by 
20 mL of saline. The contrast agent was injected at  
a dose of 1.0 mL/kg at a rate of 5.5 mL/s followed by  
a 40 mL saline chaser with the same infusion rate. 
In the test bolus, the acquisitions delay was the time 
of maximum density of the ascending aorta with an 
additional 6 s of delay. Images were reconstructed 
with a B26f and B46f kernel and an image matrix 
of 512 × 512 pixels. A multiphase reconstruction 
(from 10% to 100%) was done. Moreover, 30% 
(left ventricle end-systole) and 70% (left ventricle 
end-diastole) image reconstructions were evaluated. 
Then, the initial quality check was performed using 
multiplanar reconstructions.

Image postprocessing and analysis

Postprocessing analyses of CT scans were per-
formed on dedicated workstations (Dell, USA). 
Three-dimensional (3D) reconstructions of the heart 
subcomponents (LAA, LA, and left ventricle) were 
created using volume-rendering and segmentation 
techniques using Innovation Suite 23 (Materialise, 

Belgium) software in both end-diastolic and end-sys-
tolic cardiac phases. Manual and semi-automatic 
methods of segmentation were used. Next, raw data 
and visualizations were subjected to multidirectional 
morphological and morphometrical analyses.

First, two independent, blinded to patients history 
investigators classified LAA based on its shape into 
one of the three groups: cauliflower, chicken wing, 
or arrowhead as discussed previously (Fig. 1) [23]. 
Additionally, some individual lobes have been estab-
lished. The LAA orifice and body were measured on 
the 3D reconstructions in the end-diastolic phase of 
the heart using virtual callipers (Fig. 2). Orifice shape, 
dimensions, area, and perimeter were measured. In 
addition, the maximal LAA body length (from ori-
fice to the most far point) and width (in the widest 
point at the LAA base) were obtained. Depth of the 
LAA chamber was measured as a distance from the 
orifice plane to the last perpendicular and the orifice 
plane. For the chicken wing type, the angle of the 
bend and lengths from orifice to bend and from 
the bend to the LAA apex were also evaluated. The 
main dimensions of the left ventricle and atrium were 
estimated. The volume of the LAA left atrium and 
the left ventricle was measured in end-diastolic and 
end-systolic cardiac phases. Then, ejection fractions 
of the above-mentioned chambers were calculated. 

To reduce human bias, all measurements were 
recorded by two independent, blinded to patients 
history investigators. If results between the two re-

Figure 1. Representatives for three-dimensional reconstructions 
of each left atrial appendage (LAA) type (cauliflower, chicken 
wing, and arrowhead type), left atrium (LA) and left ventricle (LV) 
segmented from contrast-enhanced computed tomography of the 
heart (Mimics Innovation Suite 22, Materialise).
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searchers varied by more than 10%, both measure-
ments were repeated. The mean of the two new 
values was calculated and reported as the final value. 

Statistical analyses 

Data are shown as mean values with correspond-
ing standard deviations (± SD) or in percentages. The 
Shapiro–Wilk test was used to determine if the quan-
titative data were normally distributed, and Levene’s 
test was performed to verify a relative homogeneity 
of variance. The Student t-tests, Wilcoxon signed-rank 
tests, and the Mann–Whitney U tests with Bonferroni 
corrections were used to conduct statistical compar-
isons. The non-parametric Kruskal–Walli’s test was 
used to compare values between groups. Bonferroni 
correction was applied because of multiple compari-
sons. Correlation coefficients were calculated to assess 
whether there was a statistical dependence between 
the analysed parameters. A p-value lower than 0.05 
was considered statistically significant. Statistical anal-
yses were performed using StatSoft STATISTICA 13.3 
software for Windows (StatSoft Inc., Tulsa, OK, USA).

RESULTS 
Clinical characteristics of studied patients are pre-

sented in Table 1. Among the study group, 29.4% 
of patients had a history of ischaemic stroke. Arte-
rial hypertension was more common in the study 

group than in control subjects (90.2 vs. 38.0%,  
p < 0.001). The clinical manifestation of chronic 
heart failure symptoms was significantly more se-
vere in study group patients (NYHA scale, Table 1). 
Moreover, patients subjected to the LARIAT procedure 
have significantly higher thromboembolic risk than 
control patients (CHA2DS2-VASc, Table 1). No other 
significant differences in patients’ demographic and 
clinical data were found.

The chicken wing shape was the most common 
type of LAA both in the study and control group  
(45.1 vs. 46.0%, p = 0.93), followed by arrowhead  
(29.4 vs. 20.0%, p = 0.27) and cauliflower (25.5 vs. 
34.0%, p = 0.35) (Table 2). Although no statistically sig-
nificant differences in LAA type distributions were found 
between groups, the study group was characterized by  
LAAs with a lower number of lobes (Table 2). 

In both analysed groups, the LAA orifice was 
predominantly oval (study group: 94.0% vs. control 
group: 70.4%), and significantly fewer round orifices 
were found in the study group (p = 0.001, Table 2). 
Moreover, the size of the orifice was found to be 
significantly larger in LARIAT patients compared to 
the control group (higher diameters, orifice area, and 
orifice perimeter, Table 2). 

Several major LAA morphometrical features were 
analysed (body length, body width, and chamber 
depth). However, no statistically significant differences 

Figure 2. Three-dimensional visualis-
ations of left atrial appendages (LAA) 
with marked measurements (Mimics 
Innovation Suite 22, Materialise); A. Body 
length and width; B. Depth of LAA cham-
ber; C. Orifice dimensions (D1 and D2), 
area and perimeter; D. Angle of the bend 
and body lengths for chicken wing type.

A

C

B

D
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were found in those measured parameters between 
the two groups (all p > 0.05, Table 2). No differences 
between groups were noted in LAA end-systolic vol-
umes, but a significant difference was observed in the 
end-diastolic cardiac phase (Table 2). The calculated 
LAA ejection fraction was significantly lower in the 
study group compared to healthy patients (16.4 ± 14.9 
vs. 48.2 ± 12.9%, p = 0.001). For the chicken wing 
type, the angle of the bend was significantly smaller in 
LARIAT patients than in the control group (62.1 ± 10.4 
vs. 68.5 ± 13.9°, p = 0.011). The LAA body lengths 
measured from orifice to bend and from bend to LAA 
apex showed no differences between analysed groups 
(to bend: 22.7 ± 3.8 vs. 18.4 ± 5.5 mm, p = 0.103; 
from bend: 28.1 ± 4.6 vs. 27.3 ± 5.8 mm, p = 0.443).

A significantly larger LA was observed in the study 
group compared to controls (larger anteroposteri-

or diameter and volume) with reduced LA ejection 
fraction in LARIAT patients (13.9 ± 10.8 vs. 17.7 ±  
± 6.5%, p = 0.04) (Table 2). No differences were 
found in measured left ventricle dimensions, volumes, 
and ejection fraction between investigated groups (all 
p > 0.05, Table 2). No other significant correlations 
and differences were found between all measured 
morphometric parameters. 

DISCUSSION
The LAA morphology plays a significant role in 

the pathogenesis of ischaemic stroke. It was proven 
that complex LAA (non-chicken wing shape) is an 
independent risk factor for cryptogenic ischaemic 
stroke [6, 27]. However, little is known about the 
LAA anatomy that influences the course and results 
of the LAA closure procedures. Without a doubt,  

Table 1. Clinical characteristics of studied patients 

Variable Study group (n = 51) Control group (n = 50) P

Females (%) 41.2% 50.0% 0.09

Age [years] 61.04 (10.35) 57.80 (14.45) 0.20

Body mass index [kg/m2] 28.8 (5.4) 28.6 (4.9) 0.83

Non-sinus tachycardia 51/100.0% 0/0.0% < 0.001

Arterial hypertension 46/90.2% 19/38.0% < 0.001

Hyperlipidaemia 3/5.9% 2/4.0% 0.67

Chronic heart failure 10/19.6% 6/12.0% 0.30

Coronary artery disease 11/21.6% 6/12.0% 0.20

Chronic obstructive pulmonary disease 2/3.9% 4/8.0% 0.39

Diabetes mellitus type II 6/11.8% 5/10.0% 0.78

History of myocardial infarction 1/2.0% 2/4.0% 0.55

History of ischaemic stroke 15/29.4% 0/0.0% < 0.001

CCS:

I 5/9.8% 3/6.0% 0.48

II 8/15.7% 4/8.0% 0.24

III 0/0.0% 1/2.0% 0.31

IV 0/0.0% 0/0.0% –

NYHA:

I 14/27.5% 6/12.0% 0.05

II 20/39.2% 8/16.0% 0.01

III 3/5.9% 0/0.0% 0.08

IV 0/0.0% 0/0.0% –

CHA2DS2-VASc:

0 (males) or 1 (females) — “low risk” 2/3.92% 22/44.0% < 0.001

1 (males) — “low-moderate risk” 11/21.6% 5/10.0% 0.11

≥ 2 — “moderate-high risk” 38/74.5% 23/46.0% 0.01

Data are shown as number/% or mean (standard deviation). CCS — the Canadian Cardiovascular Society grading of angina pectoris; NYHA — New York Heart Association Classification of 
Heart Failure; CHA2DS2-VASc — risk stratification score for estimation of stroke risk for nonvalvular atrial fibrillation in adults
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a significant morphologic remodelling of the LA oc-
curs in patients with non-sinus rhythm [3, 25]. Nev-
ertheless, a lack of consensus is observed regarding 
the LAA structural alterations related to rhythm and 
hemodynamical disturbances [3, 13]. Although it is 
hard to believe that the remodelling may concern 
the type (shape) of the LAA body, the changes in the 
LAA orifice shape and size, LAA body size, and LAA 
function may be substantial. 

Regardless of the technique used, residual leaks 
after the LAA are commonly observed [9]. Our study 
shows that in AF patients, the biggest morphological 
changes are found in the LAA orifice, crucial for all 
LAA closure procedures. Left atria remodelling associ-
ated with enlargement in heart failure and arrhythmia 

patients changes the shape and size of the LAA open-
ing. LAA orifices in diseased patients are significantly 
larger and more oval, which affects the risk of leakage 
[18]. An incomplete sealing may potentially occur in 
cases where an appropriately large device is used to 
close the LAA when implanted not in the round and 
when in oval or in irregular shape orifice [18]. Thus, 
operators should be aware of this change in LAA ori-
fice morphology and choose the appropriate tool for 
the LAA closure to avoid danger to the health and life 
of patients’ peri-device leaks. The observed reduced 
LAA ejection fraction in research group is another 
important observation emerging from the current 
work. The LAA ejection fraction was decreased even 
despite performing tomography scans during sinus 

Table 2. Comparison of corresponding parameters measured in both groups 

Parameter Study group (n = 51) Control group (n = 50) P

LAA shape (%):

Cauliflower 25.5 34.0 0.35*

Chicken wing 45.1 46.0 0.93*

Arrowhead 29.4 20.0 0.27*

Number of LAA lobes (%):

1 39.2 16.0 0.01**

2 33.3 20.0 0.13**

3 19.6 34.0 0.10**

≥ 4 7.8 30.0 0.01**

LAA orifice shape round/oval [%] 6.0/94.0 29.6/70.4 0.001

LAA orifice antero-posterior diameter [mm] 19.3 (4.12) 17.2 (4.0) 0.01

LAA orifice transverse diameter [mm] 25.1 (5.1) 20.5 (4.4) 0.001

LAA orifice area [mm2] 387.2 (133.9) 327.1 (128.3) 0.02

LAA orifice perimeter [mm] 70.2 (12.5) 61.2 (11.6) 0.04

LAA body length [mm] 47.4 (15.4) 43.7 (10.9) 0.17

LAA width at the base [mm] 24.7 (5.6) 24.4 (5.8) 0.81

LAA chamber depth [mm] 17.7 (3.5) 16.5 (3.8) 0.11

LAA end-diastolic volume [mL] 9.0 (3.4) 5.4 (3.8) 0.001

LAA end-systolic volume [mL] 10.9 (3.6) 10.6 (4.3) 0.69

LAA ejection fraction [%] 16.4 (14.9) 48.2 (12.9) 0.001

Left atrial end-diastolic antero-posterior diameter [mm] 40.1 (6.9) 36.0 (7.1) 0.001

Left atrial end-diastolic volume [mL] 109.5 (38.9) 93.8 (30.8) 0.02

Left atrial end-systolic volume [mL] 129.5 (41.7) 112.5 (34.3) 0.04

Left atrial ejection fraction [%] 13.9 (10.8) 17.7 (6.5) 0.04

Left ventricular end-diastolic inner diameter [mm] 45.5 (6.8) 46.4 (6.3) 0.47

Left ventricular end-diastolic volume [mL] 124.5 (48.1) 133.5 (39.1) 0.15

Left ventricular end-systolic volume [mL] 68.7 (40.5) 65.7 (25.0) 0.56

Left ventricular ejection fraction [%] 46.7 (14.3) 50.7 (12.2) 0.14

Data are shown as % or mean (standard deviation). LAA — left atrial appendage; *Results are considered statistically significant at p < 0.017 to allow for a Bonferroni correction accoun-
ting for the multiple comparisons;**Results are considered statistically significant at p < 0.013 to allow for a Bonferroni correction accounting for the multiple comparisons
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rhythm. This reduced contractile function of the LAA 
may be the indirect result of remodelling of the LA 
and altered atrial blood pressure, which influence 
structure of the LAA itself leading to impaired con-
tractility of LAA. In paroxysmal AF remodelling of LA 
is most often negligible and reversable. The duration 
time of LA rhythm disturbances negatively affects 
the structure of the atrium. Persistent AF strongly 
promotes electrical remodelling and pressure/volume 
overload of LA promotes interstitial fibrosis leading to 
structural remodelling [23]. It follows that irreversible 
changes in LA morphology and consequently in LAA 
structure may start to develop in patients with AF 
lasting more than one week [1, 5]. On the other hand, 
the increased left atrial pressure may create to high 
resistance for the LAA to generate the effective force 
of its contraction. Previous studies showed that LAA 
ejection fraction may be an independent predictor 
of cardiac thrombo-embolization [8,22], which alters 
LAA emptying and predisposes to local blood stasis 
and its increased thrombogenicity [19]. 

Cardiac CT seems to be the preferable tool for 
pre-procedural imaging of the LAA as it provides the 
most faithful, 3D image of the LAA [24]. Moreover, 
it helps visualize other important heart cavities and 
main vessels (together with coronary vasculature), in 
which knowledge of morphology is crucial to avoid 
serious peri-procedural complications [7, 23]. Our 
study also indicates that LAA 3D visualization may 
provide useful information for the operator on the 
LAA morphology, thereby influencing the choice of 
the technique of its closure. The creation of a fully 
personalized virtual 3D model of the patient’s LAA 
may be completed in less than an hour. This model 
can easily be subjected to multi-directional measure-
ment or used to simulate procedures [10]. Moreover, 
the created model may be visualized using virtual 
or augmented reality techniques or using the 3D 
printed technique to better assist the clinicians [17]. 
Unfortunately, one of the obstacles to the use of this 
wonderful tool in all medical centres is the relatively 
low availability and high cost of software enabling 
the segmentation and visualization of the CT data, 
as well as the lack of experience of the staff in man-
ufacturing the 3D models [15]. 

Some limitations to this study should be consid-
ered. First, this is a single-centre study with a relatively 
small sample size. A limited number of patients in 
both groups does not allow a comprehensive statisti-
cal analysis to determine which LAA morphometrical 

factors may contribute to the occurrence of a stroke 
or are associated with success rate or complications 
during the LARIAT procedure. Moreover, only Cau-
casian subjects were studied, and no inter-racial dif-
ferences are studied. Despite these limitations, we 
believe that the current study has provided insight 
into the morphological characteristics of the LAA in 
different groups of patients. 

CONCLUSIONS
Presented morphometrical data should be consid-

ered during planning and when performing proce-
dures targeted to LAA closure, as significant differenc-
es in the anatomy of the LAA may be encountered in 
patients with AF. Substantial morphometrical differ-
ences in LAA orifice are found, which is significantly 
larger and more oval in patients with AF compared to 
healthy controls. Although no difference in LAA body 
type and size is observed, the LAA ejection fraction is 
significantly lower in AF patients. 
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Background: This study investigated the anatomical characteristics of the ramus 
intermedius (RI) and its correlation with the proximal diameter of the branch 
vessels of the left coronary artery (LCA) using coronary computed tomography 
angiography (CCTA).
Materials and methods: We screened patients who underwent CCTA from Jan-
uary to September 2021 and randomly enrolled 267 with RI (RI group) and 134 
without RI (control group). We evaluated the anatomical features of RI (distribution, 
proximal diameter, length). We measured the proximal diameter of the anterior 
interventricular branch of the left coronary artery (LAD) and the circumflex branch 
of the left coronary artery (LCX). We compared the differences between groups 
in the proximal diameter of LAD and LCX and the correlation between gender 
and each parameter of the LCA (LAD, LCX, RI) within the RI group. In addition, 
we compared the correlation between the distribution characteristics of RI and 
the proximal diameter of LAD and LCX within the RI group.
Results: The LAD and LCX proximal diameters in the RI group were significantly 
smaller than those in the control group (p < 0.05). Comparisons within the RI 
group showed the following results: the RI distribution, RI diameter and length, 
and the LCX proximal diameter were not significantly different between male 
and female patients (p > 0.05), and the LAD proximal diameter was significantly 
larger in male than in female patients (p < 0.05). There were statistically signif-
icant differences in the LAD and LCX proximal diameters between the different 
RI distribution groups (p < 0.05). Based on the pairwise comparison, there were 
significant differences in the LAD (LCX) proximal diameter between the RI-beside- 
-the-LAD (LCX) group and the RI-middle group, as well as between the RI-beside- 
-the-LAD (LCX) group and the RI-beside-the-LCX (LAD) group (p < 0.05). 
Conclusions: A CCTA accurately evaluated the anatomical characteristics of an 
RI, which has an impact on the proximal diameter of the branch vessels of the 
LCA (i.e. LAD and LCX), the degree of influence of which is correlated with the 
RI distribution. (Folia Morphol 2023; 82, 4: 822–829)

Key words: ramus intermedius, bifurcation angle, coronary computed 
tomography angiography
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INTRODUCTION
The anatomical structure of the left main bifur-

cation area is an important factor impacting the 
haemodynamics of this condition, atherosclerosis, 
collateral damage, choice of interventional therapy, 
and clinical prognosis [4, 6, 12, 16]. Studies have 
shown that the size of the anterior interventricular 
branch of the left coronary artery (LAD)-circumflex 
branch of the left coronary artery (LCX) bifurcation 
angle is positively correlated with arteriosclerosis 
in the bifurcation area [2, 14]. The occurrence and 
development of coronary heart disease are subject 
to the proximal vessel diameter of the bifurcation 
part of the left coronary artery (LCA), and scholars 
have conducted the following corresponding math-
ematical modelling [8]. Liu et al. [11] measured the 
proximal diameter of left bifurcation in patients with 
a predominant right coronary artery and no ramus 
intermedius (RI). The results showed that the proximal 
diameter of the LAD was 3.48 ± 0.77 mm, and the 
proximal diameter of the LCX was 3.21 ± 1.07 mm. 
The RI is a coronary artery branch originating from 
the end of the left main coronary artery (LM) between 
the LAD and LCX. The emergence of an RI will change 
the anatomical structure of the original left main 
bifurcation area, splitting the bifurcation angle into 
two parts and dividing the LCA blood flow into three 
parts, which may cause changes in the diameter of the 
LAD and LCX and cause abnormal haemodynamics. 
No specific studies on RI were found as part of the 
current study’s literature review. The purpose of this 
study was to explore the anatomical characteristics 
of an RI, and the correlation of its presence and 
location with the proximal diameter of the branch 
vessel of LCA using coronary computed tomography 
angiography (CCTA), and then provide guidance for 
the study of the influencing factors of atherosclerosis 
in the left main bifurcation area and the decision of 
interventional treatment. 

MATERIALS AND METHODS
Participants 

A total of 4,866 patients who underwent CCTA 
examinations in Cangzhou Central Hospital from Jan-
uary 1, 2021, to September 1, 2021, were selected as 
the study participants. Among them, 1,202 patients 
were identified as having an RI from the Picture Ar-
chiving and Communication System (PACS). After 
calculating the detection rate, 267 patients were 
included according to the exclusion criteria (outlined 

later in this section). These included 138 males with 
an average age of 54.05 ± 0.97 years and 129 fe-
males with an average age of 56.98 ± 0.87 years. In 
addition, 500 participants were randomly selected 
from the 3,664 patients without an RI using a com-
puterized random number generator, and, among 
them, 134 patients were added to the control group 
according to the exclusion criteria (so that the sample 
size met the statistical requirements). This included 69 
males with an average age of 50.14 ± 11.54 years and  
69 females with an average age of 55.06 ± 9.67 years.  
The inclusion criteria comprised patients who under-
went a CCTA examination in the authors’ hospital 
and had complete clinical and imaging data. The 
exclusion criteria were as follows: 1) patients with 
metal implants (i.e. a stent or pacemaker); 2) patients 
with a history of coronary artery bypass surgery;  
3) patients with organic heart disease (including 
heart valve implantations); 4) patients with a coro-
nary artery anomaly (such as the abnormal origin of  
a coronary artery [coronary arteriovenous fistula]);  
5) patients with poor CCTA image quality, or a missing 
image; 6) patients with a mural coronary artery (LAD, 
LCX, RI ≥ 1); 7) patients without a predominant right 
coronary artery; 8) patients with non-single RIs (ex-
cluding those without an RI); 9) patients with at least 
one diffuse plaque at the bifurcation part of the LCA.

Examination methods 

All patients fasted for more than 4 h before the 
examination and were treated with an intravenous 
indwelling needle. All patients had their heart rate 
measured via an electrocardiogram and took part in 
breath-hold respiratory training; those with a higher 
heart rate were given beta-blockers to stabilise and 
control the heart rate within 74 bpm. 

A Toshiba Aquiline ONE 320-slice computed tomog-
raphy scanner was used to image and post-process all 
of the participants. Each patient was placed in a supine 
position with their feet entering the scanner first, and 
with their arms extended straight over their head. 
Three leads were placed at the bilateral subclavian re-
gion of the left ribs and lower margins to monitor heart 
rate changes in real-time. Scanning was performed on 
the patient in a single end-inspiratory hold. 

The scanning range was determined to range from 
the lower tracheal bifurcation to the diaphragm ac-
cording to anteroposterior and lateral images, which 
included the entire heart with a range of 140–160 mm.  
A non-ionic contrast medium (Iohexol, 60–65 mL) 
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was injected at a flow rate of 4.5–5.0 mL/s with  
a Mallinckrodt dual-chamber high-pressure syringe, and 
the flow rate and volume were adjusted according to 
the body weight and vascular condition of the patient. 
Then, 40 mL of normal saline was injected at the same 
flow rate. Monitoring began 10 s after the injection of 
the contrast medium to observe the time-density curve. 

The left ventricle was selected as the monitoring 
area for manual triggering with a trigger threshold of 
150 Hounsfield Unit (HU). The scanning parameters 
were a tube voltage of 120 kV, a scanning slice thick-
ness and incremental increase of 0.5 mm, and a scan-
ning speed of 0.35 s. All the scans were performed 
in an intracardiac tube current using autoregulation 
mode to reduce the radiation dose. 

Image post-processing and measurement 

The optimal diastolic images were selected and 
uploaded to the Shukun CCTA image vascular ste-
nosis analysis software and a General Electric AW4.6 
workstation for post-processing to generate the 
two-dimensional (2D) and three-dimensional (3D) 

reconstruction images. The maximum diameters (in-
cluding the tube wall) of the proximal LAD, LCX, and  
RI (1 cm from the bifurcation) were measured on the 
2D oblique map (window level = 40 HU, window 
width = 400 HU, Fig. 1A). The 2D curved planar re-
construction was selected for length measurement 
(Fig. 1B), with the length of the RI measured from 
the initial part of the RI to the visible end. 

The distribution judgment of the RI was conducted 
based on the 3D volume rendering (Fig. 2). The RI 
distribution was divided into three types according 
to the boundary of the line from the initial part to the 
cardiac apex: 1) the beside-the-LAD-group (Fig. 2A);  
2) the middle group (Fig. 2B); 3) the beside-the-LCX- 
-group (Fig. 2C). 

Ethics approval and consent to participate

The study was conducted in accordance with the 
Declaration of Helsinki (as was revised in 2013). The 
study was approved by Ethics Committee of the Cang-
zhou Central Hospital. Written informed consent was 
obtained from all participants. 

Figure 1. A. Diameter measurement; B. Ramus intermedius length measurement.

A

B



825

D.-Q. Zhang et al., Relevance of diagonal branch of anterior interventricular artery

Statistical analysis

All data were statistically analysed using the 
SPSS Statistics 26.0 software programme. The 
measurement data were expressed as mean ± 
standard deviation (x ± SD). A t-test and one-way 
analysis of variance was conducted for data with 
a normal distribution and a homogeneity of var-
iance, and the least significant difference meth-
od was used for pairwise comparison. In contrast,  
a nonparametric test was used for the data that did 
not have either a normal distribution or homogenei-
ty of variance. The enumeration data were expressed 
as n/% and compared using a chi-square test.  
A p-value below 0.05 indicated that the difference 
was statistically significant (test α level = 0.05 for 
both sides).

RESULTS 
The RI detection rate 

Among the 4,866 patients that underwent a CCTA 
examination in Cangzhou Central Hospital from Janu-
ary 1, 2021, to September 1, 2021, 1,202 were found 
with an RI (detection rate, 24.7%).

Comparison of the left main coronary artery 
parameters in the RI group by gender 

There were no statistically significant differences in 
the number of cases concerning the RI distribution by 
gender for any of the three types (p > 0.05, Table 1).  
There were no statistically significant differences in 

the RI diameter and length, RI distribution, or the 
LCX proximal diameter (p > 0.05, Table 1). The LAD 
proximal diameter in males was 4.09 ± 0.68 mm, 
while for females this was 3.86 ± 0.54 mm, indicating 
a significantly higher value in males than in females 
(p < 0.05, Table 1). 

Comparison of the proximal diameters of the LAD 
and LCX among the RI distribution groups 

There were no statistically significant differences 
in the RI distribution between males and females  
(p > 0.05, Table 2). The LAD proximal diameter was 
3.75 ± 0.55, 4.04 ± 0.63, and 4.00 ± 0.64 mm in the 
beside-the-LAD-group, the beside-the-LCX-group, 
and the middle group, respectively, and the differ-
ences were statistically significant (p < 0.05, Table 2).  
The pairwise comparison showed that, in terms 
of measurements, the beside-the-LAD-group was 
significantly lower than the beside-the-LCX-group 
(p < 0.05, Fig. 3A); the beside-the-LAD-group 
was significantly lower than the middle group  
(p < 0.05, Fig. 3A), and the middle group was 
significantly lower than the beside-the-LCX-group  
(p > 0.05, Fig. 3A). The LCX proximal diameters 
were 3.74 ± 0.66, 3.35 ± 0.66, and 3.64 ± 0.69 mm 
in the beside-the-LAD-group, the beside-the-LCX- 
-group, and the middle group, respectively, and the 
differences were statistically significant (p < 0.05,  
Table 2). The pairwise comparison showed that 
measurement-wise, the beside-the-LCX-group was 

Figure 2. Distribution of ramus intermedius (RI); A. Ramus intermedius is close to the anterior interventricular branch of the left coronary 
artery (LAD); B. Ramus intermedius is located in the centre; C. Ramus intermedius is close to the circumflex branch of the left coronary artery 
(LCX); LM — left main coronary artery.

A B C
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significantly lower than the beside-the-LAD-group 
(p < 0.05, Fig. 3B); the beside-the-LCX-group was 
significantly lower than the middle group (p < 0.05, 
Fig. 3B), and the middle group was significantly 
lower than the beside-the-LAD group (p > 0.05,  
Fig. 3B).

Comparison of the proximal diameters  
of the LAD and LCX between the RI group  
and the control group 

There were no statistically significant gender differ-
ences between the LAD and LCX groups (p > 0.05, Ta-
ble 3). The LAD proximal diameter was 3.98 ± 0.63 mm  

Table 1. Correlation between gender and left coronary artery parameters in the ramus intermedius (RI) group 

Male (n = 138) Female (n = 129) P

Age [years] 54.05 ± 11.44 56.98 ± 9.84 0.026

RI diameter [mm] 2.74 ± 0.63 2.60 ± 0.65 0.081

RI length [cm] 6.61 ± 2.63 6.30 ± 3.01 0.260

RI distribution (n/%):

Beside LAD group 21/15.2% 22/17.1%

Beside LCX group 72/52.2% 65/50.4% 0.913

Middle group 45/32.6% 42/32.6%

LAD proximal diameter [mm] 4.09 ± 0.68 3.86 ± 0.54 0.002

LCX proximal diameter [mm] 3.57 ± 0.74 3.44 ± 0.63 0.135

LAD — anterior interventricular branch of the left coronary artery; LCX — circumflex branch of the left coronary artery

Table 2. Comparison of the anterior interventricular branch of the left coronary artery (LAD) and the circumflex branch of the left  
coronary artery (LCX) proximal diameter in each the ramus intermedius (RI) distribution group 

Beside LAD group  
(n = 43)

Beside LCX group  
(n = 137)

Middle group  
(n = 87)

χχ2 or F P

Gender (n/%):

Male 21/48.8% 72/52.6% 45/51.7% 0.181 0.913

Female 22/51.2% 65/47.4% 42/48.3%

LAD proximal diameter [mm] 3.75 ± 0.55 4.04 ± 0.63 4.00 ± 0.64 3.519 0.031

LCX proximal diameter [mm] 3.74 ± 0.66 3.35 ± 0.66 3.64 ± 0.69 7.955 0.000

Figure 3. Pairwise comparison of anterior interventricular branch of the left coronary artery (LAD) (A) and the circumflex branch of the left 
coronary artery (LCX) (B) proximal diameter in each ramus intermedius distribution group; *The level of significance test for α is 0.05.
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in patients with an RI and 4.57 ± 0.55 mm in patients 
without an RI, indicating the diameter in patients 
with an RI was significantly smaller than in patients 
without an RI (p < 0.05, Table 3). The LCX proximal 
diameter was 3.51 ± 0.69 mm in patients with an 
RI and 4.08 ± 0.60 mm in patients without an RI, 
indicating that the diameter in patients with an RI 
was significantly smaller than in patients without an 
RI (p < 0.05, Table 3). 

DISCUSSION 
Ajayi et al. [1] reported an RI incidence of 21.8%, 

while Liu et al. [11] reported a detection rate of 
25.6% for RIs in Xinjiang. In the present study, the 
detection rate of RIs in the current authors’ hospital 
was similar at 24.7%.

The present study compared the RI length and 
diameter, the RI distribution, and the LAD and LCX 
diameters between males and females for the first 
time and found no statistically significant differences 
concerning RI length, diameter, or distribution. The 
LAD diameter was significantly higher in males than in 
females (4.09 ± 0.68 vs. 3.86 ± 0.54 mm, p < 0.05), 
but there were no statistically significant differences 
in the LCX diameter (p > 0.05). The differences in the 
LAD and LCX diameters between males and females 
in the population without RIs have been compared 
in domestic and foreign studies. Verim et al. [15] 
measured the lumen area at the proximal segments 
of the branch vessels of the LCA in 108 patients and 
found that the LAD lumen area in males was signif-
icantly larger than in females; no gender difference 
was observed in the LCX lumen area. Liu et al. [11] 
compared the lumen intraluminal diameter of prox-
imal vessels between males and females at the left 
main bifurcation area of patients with predominant 
right coronary arteries and without RIs and found 
significant differences in the LAD and LCX intraluminal 
diameters (larger in males than in females). The mean 

intraluminal diameter was smaller than the data in 
the present study because the tube wall was included 
in the measurement process in the current paper. 
Gong [5] found that the LAD diameter in males was 
significantly larger than in females in a school-age 
group (i.e. ≥ 6 and < 9 years old). The findings of the 
current study are consistent with the research results 
of domestic and foreign scholars on the non-RI pop-
ulation, suggesting that individuals with and without 
RIs follow the same gender rules. Ren [13] found that 
the LAD diameter in males was significantly larger 
than in females in a non-normalised condition. Still, 
no statistically significant differences were observed 
after normalising height, weight, and body surface 
area parameters, indicating that the differences above 
had been the result of body surface area. This study 
was not normalised due to data collection. 

The current study found that the diameters of the 
LAD and LCX in patients with an RI were significantly 
smaller than those in patients without an RI (p < 0.05).  
The reason for this was because the RI, an addi-
tional branching vessel, undertakes delivering part 
of the blood supply to the myocardium. Compared 
to patients without RIs, the blood flow of the LCA 
experienced additional shunting, and the blood flow 
of each branch vessel was reduced. Furthermore, the 
diameter of blood vessels may become thinner in  
a compensatory manner during the development of 
the human body. 

The RI distribution was also divided into the be-
side-the-LAD-group, the beside-the-LCX-group, and 
the middle group. There were statistically significant 
differences in the LAD and LCX proximal diameters be-
tween the three groups (p < 0.05), i.e. the closer the 
RI was to the coronary artery, the more significant the 
effect on the decrease of the LAD and LCX proximal 
diameters. When the RI was in the middle, it had little 
effect on the diameter of the LCA on either side. This 
indicated that the closer the RI was to the coronary 

Table 3. Comparison of the anterior interventricular branch of the left coronary artery (LAD) and the circumflex branch of the left  
coronary artery (LCX) proximal diameter between the ramus intermedius (RI) group and the control group 

With RI (n = 267) Without RI (n = 134) χχ2 or Z P

Gender (n/%):

Male 138/51.7% 69/51.5% 0.001 0.971

Female 129/48.3% 65/48.5%

LAD proximal diameter [mm] 3.98 ± 0.63 4.57 ± 0.55 –8.327 0.000**

LCX proximal diameter [mm] 3.51 ± 0.69 4.08 ± 0.60 –7.645 0.000**

**The level of significance test for α is 0.001
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artery, the higher the blood supply proportion of 
the original coronary artery was, with more obvious 
blood redistribution. Galbraith et al. [3] posited that 
the RI, a shunt vessel, would lead to a greater blood 
flow disturbance in the proximal segment of the 
LAD, and these blood flow disturbances may cause 
focal atherosclerosis. Meanwhile, studies [7, 9, 10] 
have indicated that 8.9%-19% of branch vessels were 
occluded following main branch stent implantation, 
with the severity associated with the diameters and 
lengths of the branch vessels. It is generally believed 
to be caused by the displacement of the bifurcation 
crest and plaque, as well as the suspension of the bi-
furcation opening stent. Compared to the population 
without an RI, those with an RI should be carefully 
monitored to observe whether the RI (a new branch 
of the LM) will be occluded after an LM and/or LAD 
proximal stent implantation, which will increase the 
incidence of myocardial infarction in the blood supply 
area. Further study of the anatomical structure and 
haemodynamics of the RI and the left main bifurca-
tion area thus has great clinical significance. 

CONCLUSIONS
Coronary computed tomography angiography 

could accurately evaluate the anatomical character-
istics of RI, which can influence the proximal diam-
eter of the branch vessels of the LCA (i.e. LAD and 
LCX), with the degree of influence correlated with 
the RI distribution. The limitations of this study are 
as follows: 1) the present study was a single-centre 
retrospective observational study with a low level of 
evidence; 2) the included cases were patients who 
had been admitted to the hospital due to illness; ac-
cordingly, a degree of bias may have been included; 
3) the distribution type of the coronary artery could 
affect its anatomical data. To ensure research objec-
tivity, only the population with predominance in the 
right coronary area was included in this study. Other 
factors that could have affected the measurement 
data were excluded, which may also have caused  
a degree of bias to be included. 
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Background: The adrenal cortex provides adequate steroidogenic responses to 
environmental changes. However, in desert rodents, the adrenocortical activity 
varies according to several factors especially sex, age, and seasonal variations. 
Herein, we examined the sex differences in the adrenal cortex activity and explored 
the involvement of sex hormones in the regulation of this function in Libyan jird 
Meriones libycus.
Materials and methods: Twenty-four adult male and female animals weighing 
109–110 g were captured in the breeding season and equally assigned into 
control and gonadectomised groups. Animal euthanasia was performed 50 days 
after the gonadectomy. Adrenal gland was processed for structural and immu-
nohistochemistry study of b-catenin, whereas plasma was used for cortisol assay.
Results: The results showed that female adrenal gland weight was heavier than 
male and gonadectomy reduced this dimorphism. The adrenal cortex thickness 
was greater in the female than in the male, mainly due to significant development 
of the zona fasciculata. Females presented higher cell density in fasciculata and 
reticularis zones. The plasma cortisol was higher in females than in males. The 
immunolocalisation of b-catenin showed that the expression was particularly 
glomerular in both sexes. However, in the female, the immunostaining was pres-
ent in the zona reticularis while it was absent in the control male. Orchiectomy 
reduced zona glomerulosa cell density and induced hypertrophy of zona reticularis 
characterised by strong b-catenin immunoreactivity. However, ovariectomy leads 
to hyperplastic expansion and high b-catenin expression in the zona glomerulosa 
associated with zona fasciculata and reticularis hypoplasia distinguished by weak 
b-catenin immunostaining.

https://orcid.org/0000-0003-0709-6714
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INTRODUCTION
The adrenal cortex is an essential endocrine tissue 

that produces steroid hormones controlling numer-
ous physiological parameters that maintain body 
homeostasis. It is organized into three distinct zones 
each controlled by numerous hormones and paracrine 
factors. Mineralocorticoids that are involved in blood 
pressure and hydroelectrolytic homeostasis control 
are produced in the outermost zona glomerulosa 
(ZG), glucocorticoids that are important in stress and 
immune response are synthesized in the zona fascic-
ulata (ZF), and androgens that induce adrenarche in 
primates are produced in the innermost zona reticula-
ris (ZR) [7]. To achieve a rapid and adequate response 
to intrinsic and extrinsic factors, the adrenocortical 
cells have developed mechanisms to ensure proper 
functioning throughout life. Wnt signalling is an es-
sential paracrine pathway involved in adrenocortical 
homeostasis, zonation, development, and regenera-
tion [18]. β-catenin, the main intracellular effector of 
canonical Wnt signalling, is highly expressed in the 
ZG in mice which regulates both the proliferation 
and steroidogenic activity of ZG cells to maintain 
the progenitor cell population and activates the ex-
pression of CYP11B2 in cells producing aldosterone 
that eventually replenish the ZF [6, 8]. Moreover, 
the activity of this gland is sexually dimorphic and 
has been shown in several animal species [17, 19]. 
Androgens cause the disappearance of the X-zone in 
male mice [9] while it persists in females; this zone 
reappears after male gonadectomy [7]. Recent cellu-
lar and molecular studies on the determinism of this 
dimorphism reveal that sex hormones are directly 
involved in the homeostasis and the remodelling of 
the adrenal cortex [10]. Indeed, studies have shown 
that the renewal of adrenal gland tissues in female 
mice shows a renewal rate 6.3-fold higher than in 
males, especially in the outer ZF [12].

Desert rodents are important models for under-
standing the cellular and molecular mechanisms that 
are involved in the development and homeostasis 

of the adrenal gland due to their adaptation in the 
extreme conditions of the biotope, which requires 
increased steroidogenic activity in order to respond to 
the needs of the environmental conditions. Previous 
studies reveal that the environment plays a major role 
in the modulation of adrenal responses; indeed, the 
activity of the cortex is correlated either positively or 
negatively with the season and reproductive cycle 
[2, 16]. Circulating sex hormones are also factors 
that control this steroidogenic and homeostatic func-
tion. In desert rodents, the zone reticularis produces 
androgens, likely to participate synergistically with 
glucocorticoids to provide an anabolic effect and 
contribute to reproductive success [22]. 

In order to elucidate the role of sex hormones 
in the regulation of adrenocortical homeostasis, we 
compared the structure of the adrenal cortex in male 
and female Meriones libycus captured during the 
breeding season and analysed the effects of gona-
dectomy on the remodelling and homeostasis of the 
adrenal cortex by exploring the weight parameters, 
structural changes, and the identification, by immu-
nohistochemistry of a main mediator of Wnt/β-cat-
enin signalling.

MATERIALS AND METHODS
Animals and sample collection

Animal experiments were carried out according 
to the guidelines of the Federation of European 
Laboratory Animal Science Associations (FELASA), 
following approval by the Institutional Animal Care 
Committee of the Algerian Higher Education and 
Scientific Research. The permits and ethical rules were 
achieved according to the Executive Decree n˚10–90  
completing the Executive Decree n˚04–82 of the  
Algerian Government, establishing the terms and ap-
proval modalities of animal welfare in animal facilities. 
Furthermore, it was recently supported by the local 
university ethical committee “Algerian Association of 
Experimental Animal Sciences” AASEA (Agreement 
Number 45/DGLPAG/DVA.SDA.14).

Conclusions: Results indicated that sex hormones had a major role in the reg-
ulation of the Saharan gerbil’s adrenal homeostasis by modulating b-catenin 
signalling. Androgens seem to inhibit the Wnt-b-catenin pathway and oestrogens 
are activators of the adrenal inner zones. (Folia Morphol 2023; 82, 4: 830–840)

Key words: adrenal cortex, gonadectomy, sex differences, structure, 
ββ-catenin, Meriones libycus
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Twenty-four adult male and female gerbils (Meri-
ones libycus, Lichtenstein, 1823), weighing 109 ±  
± 3 g, were captured early morning in the field in the 
region of Béni-Abbès (30°07’N 2°10’W, altitude 492 m)  
during the breeding season (February–March) [4].  
The adult reproductive condition was evaluated ac-
cording to body weight (80–140 g) and genital sta-
tus was assessed during the breeding season. They 
were housed in individual cages (50 cm in length, 
35 cm in width, and 30 cm in height) in a tempera-
ture-controlled room (20–22°C) and a light/dark cycle 
respecting the natural circadian L/D cycle (11/13 in 
February–March) and were fed with barley, bread, 
dates, some carrots, and some vegetables. The ani-
mals were divided into four groups: control male (CM, 
n = 6), orchiectomised (ORX, n = 6), control female 
(CF, n = 6), and ovariectomised (OVX = 6).

Orchiectomy and ovariectomy

Six male and six female jirds were gonadectomised 
bilaterally under anaesthesia induced by intraperito-
neal injection of hydrochloride ketamine (Ketalar, Pfiz-
er, NY, Toronto, Canada, 10 mg/kg administered i.p.) 
and xylazine (Xylamax, Bimeda-MTC; 10 mg/kg i.p.). 
The animals were then held supervised until they woke 
up, for 50 days. At the end of the experiments, all an-
imals were euthanized between 9:00 and 11:00 a.m.  
The testes, ovaries of control groups; the seminal ves-
icles, and uterine horns of all animals were removed, 
weighed, and conserved for further studies. Adrenal 
glands were quickly removed, cleaned from their sur-
rounding fat, and weighed separately. Adrenal glands 
were fixed in 10% neutral buffered formalin solution for 
24 h for histological and immunohistochemical studies.

Histology

Adrenals gland were dehydrated through succes-
sive exposure to increasing concentrations of ethanol 
(70%, 95%, and 100%), cleaned in the toluene, and 
after 24 h of impregnation in paraffin in an incubator 
at 60oC, adrenals were embedded in paraffin. Sam-
ples were then sectioned at 5 μm using a Leitz 1512 
rotatory microtome (Marshall Scientific, Hampton, 
VA, USA). The resulting slices were placed in Super-
frost® glass slides (Thermo Scientific, Menzel-Gläser, 
Brausschweig, Germany). Following rehydration in 
decreased concentrations of ethanol (100%, 95%, 
70%), parts of the serial slices were stained with 
Masson’s trichrome while the others were subjected 
to immunohistochemistry.

Morphometric study

A comparison of adrenal cortex zones was per-
formed by serially sectioning the whole adrenal at  
5 μm. To account for the shape of the adrenal and 
allow for consistent measurements, counts were per-
formed on 20 slides randomly chosen in the middle of 
the gland of all jirds. Zone depth was measured from 
the boundaries of each zone with 4 measurements 
per slide. The cell density was measured in ten slides 
randomly chosen on the grid area of 1713 μm2. The 
zone depth and cell density were measured using 
ZEN Blue Software (ZEN 2.3 Blue edition Carl Zeiss 
Microscopy GmbH).

Hormone assays

Plasma cortisol level was analysed by elec-
tro-chemiluminescence immunoassay ECLIA (Roche 
Diagnostics, Meylan, France), using an automated 
hormone analyser Elecsys 1010. Intra- and inter-assay 
coefficients of variation were 1.3/1.6%.

Immunohistochemistry

To detect the presence of β-catenin in the adrenal 
tissue, immunohistochemistry was performed using 
specific primary monoclonal antibodies (mouse) on tis-
sues embedded in paraffin, after unmasking with sodi-
um citrate 10 mM, Tween 0.05%. They were then incu-
bated overnight with β-catenin antibody (BD610153) 
used at 1/500 dilution. The primary antibodies were 
detected with Signal Stain Boost HRP-Polymer solution 
(#8114S or #8125P, Cell Signalling). The quantitative 
evaluation of the immuno-reactivity was performed 
using the ImageJ software (http://mirror.imagej.net/ 
/docs/examples/stained-sections/index.html). Quantifi-
cation is based on a subtraction operation of the light 
intensity between the positive and negative signal 
areas. To make comparisons, an Image Type conversion 
to RGB mode stack, the saturation threshold, and the 
standardisation of the measured area are required.

Statistical analysis

All numerical data are expressed as means  
± standard error of the mean. Data were normally 
distributed, Values were analysed by a two-tailed 
unpaired t-test (if comparing two groups) or a one- 
-way ANOVA with Tukey’s post-hoc test (if comparing 
multiples groups and variables) and it was consid-
ered significant when p < 0.05. Statistical analyses 
were performed by using GraphPad Prism (version 7; 
GraphPad Software Inc., San Diego, CA, USA). 
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RESULTS
Sex differences and effect of sex hormones  
on weight parameters

Data for weight parameters were summarised in 
Table 1. It can be seen that body mass does not show  
a significant gender difference even if it is non-significant 
lower in females (–9%, p = 0.1). Gonadectomy caused  
no effect on body mass both in male and female jirds 
(–2%, p = 0.7; –2%, p = 0.8), respectively (Table 1).

However, the weight of the relative adrenal is sig-
nificantly higher in female compared to male (+22%, 
p = 0.004) and gonadectomy reduced this dimor-
phism (+1%, p = 0.8) due to a little effect on adrenals 
weight in the male (+8%, p = 0.07) and a potential 
regression in the female (–10%, p = 0.06) (Table 1). 

The relative weight of the seminal vesicles and 
uterine horns were used as a reference to confirm 
the sex hormone reduction following gonadecto-
my. Indeed, the vesicles weight drastically reduced 
50 days after orchiectomy (–76% of relative vesicle 
weight in ORX vs. CM, p = 0.04) when uterine horns 
were also reduced in ovariectomised but none sig-
nificantly (Table 1). 

Gender differences in the jird adrenal structure

The adrenal gland in the male and female jird has 
a structure like all other mammals, with an elongated 
shape allowing the distinction between two parts, 
an external peripheral adrenal cortex and a central 
internal area, adrenal medulla, bounded all around 
by thick connective tissue. The gland is surrounded 
by a connective capsule made up of collagen fibres, 
fibroblasts, and blood capillaries (Fig. 1A, B). The 
adrenal cortex is subdivided into three zones oriented 
from the outside to the inside: zona glomerulosa (ZG), 
zona fasciculata (ZF), and zona reticularis (ZR) (Fig. 
1A, B). Morphometric measurements of the adrenal 

cortex revealed that the female has a larger adrenal 
cortex with a higher depth than those of the male 
(16%, p = 0.0003) (Fig. 2). 

The ZG is the outermost and thinnest zone of 
the cortex and appears as cell clusters forming arc-
ing cords separated from each other by connective 
tissue containing blood capillaries (Fig. 3A, G). The 
depth of glomerulosa shows non-significant gender 
changes (Fig. 2A, B), but the zona is covered with 
a well-defined connective capsule in the male with 
many cells of small size and elongated in shape while 
in the female (Fig. 3A, G), the cells number is reduced 
compared to the male (–16%, p = 0.02) (Fig. 4A).

The ZF is the thickest area of the adrenal cortex 
(Fig. 1A, B). The cells are organized in long, narrow 
parallel cords, perpendicular to the capsule and direct-
ed towards the medulla (Fig. 3B, H). The cells appear 
less acidophilic than other adrenal cortex cells due to 
the lipid droplets within these cells also called spon-
giocytes. The comparison between the male and the 
female ZF shows that the depth of the zona is greater 
in the female (26%, p = 0.001) (Fig. 2) with the pres-
ence of a higher number of cells per area unit (Fig. 4B).

The ZR is the innermost layer is separated from 
the medulla by a connective tissue that seems de-
veloped in Meriones libycus (Fig. 1A, B); it is thinner 
than the ZF and is formed by an irregular network 
of anastomosed cords and cell clusters separated by 
bulky capillaries (Fig. 3C, I). Although the ZR presents 
numerous small cells which are more abundant in 
female (Fig. 4C), it remains similar in depth within 
genders (Fig. 2D). 

Gonadectomy alters the adrenal structure both  
in male and female jird

Histological sections of the adrenal gland in gona-
dectomised animals show significant remodelling and 

Table 1. Characteristics of some weight parameters in male and female Libyan jird Meriones libycus during the breeding season.  
Sex-dependent difference and effect of gonadectomy

Animal groups Body weight [g] Adrenals [mg/100 BW] Reproductive tracts [mg/100 BW]

Right adrenal Left adrenal Adrenals Seminal vesicle Uterine horns

Male CM 106.77 ± 4.71 12.99 ± 0.31 13.58 ± 0.55 26.57 ± 0.39 397 ± 62 –

ORX 104.53 ± 4.09 13.14 ± 0.65 15.64 ± 0.61 28.77 ± 0.98 113 ± 5*** –

Female CF 97.70 ± 2.26 15.42 ± 1.01 16.99 ± 0.66 32.41 ± 1.15* – 230 ± 118

OVX 99.53 ± 4.25 13.47 ± 0.61 15.60 ± 0.73 29.07 ± 1.26 – 215 ± 34

Data is reported as mean ± standard error of the mean, n = 6 animals/group; BW — body weight; CF — control female; CM — control male; ORX — orchidectomised; OVX — ovariec-
tomised; *CF vs. CM: p < 0.05; ***ORX vs. CM: p < 0.001



834

Folia Morphol., 2023, Vol. 82, No. 4

structural changes in the cortex (Fig. 1C, D). Indeed, 
castration in the male induces the development of 
the cortex (+9%, p = 0.05) (Fig. 2) associated with 
hypertrophy of ZR (+45%, p < 0.0001) (Fig. 1A, C). 
In the ovariectomized female, the adrenal gland ap-
pears withered (Fig. 1B, D), and the cortex thickness 
decreases due to the decrease of the ZF and ZR (Fig. 
2A, C, D).

The ZG displays a change in the structure and 
organization since it loses organization in rounded 
cords, especially in the male (Fig. 3A, D) with a de-
crease of cell density (–40%, p < 0.0001) (Fig. 4A), 
whereas in the female, ZG presents numerous smaller 
cells than those of the control (+25%, p < 0.0001) 
(Figs. 3G, J; 4A).

The ZF appears disorganized in the male after 
orchiectomy, the parallel cord appearance of the cells 
disappears, they become small and of various shapes 
separated by thin connective tissue tracts containing 
blood capillaries (Fig. 3B, E); depth and cell density 
measurements show no significant variations (Figs. 
2C; 4B). After ovariectomy, this area is also disorgan-
ized, the arrangement of cells in parallel cords is no 
longer visible (Fig. 3H, K), and it undergoes a signif-
icant reduction in the depth (–16%; p = 0.05) (Fig. 
2C) without changes in cell density number (Fig. 4B).

The ZR is significantly hypertrophied in the or-
chiectomized (Fig. 1C) and infiltrated by connective 
tissue (Fig. 3C, F) with an increase in depth zona 
(Fig. 2D) and a reduction of cell number per unit 

Male Female

Co
nt

ro
ls

Go
na

de
ct

om
ise

d

A B

C D

Figure 1. A–D. Gender differences in the structure of the adrenal gland in the Libyan jird Meriones libycus during breeding season and effect 
of gonadectomy. Scale bar: 50 µm; ZF — zona fasciculata; ZG — zona glomerulosa; ZR — zona reticularis.
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(Fig. 4C) while it decreases in the female ovariec-
tomized (Fig. 3I, L) both in depth and cell density 
(Fig. 2D; 4C).

Hormonal effects

The mean concentration of plasma cortisol was 
higher in the female control vs. male control values 
(+139%, p = 0.002), after 50 days of gonadectomy, 
plasma cortisol was significantly elevated in male 
gerbils and reduced in the female compared with 
control values (respectively, +121%, p = 0.02; –55%, 
p = 0.04) (Fig. 5).

Immunolocalisation of ββ-catenin in the adrenal 
cortex of the Libyan jird

Semiquantitative evaluation of the adrenal β-cat-
enin immunoreactivity was summarised in Table 2. 
β-catenin is present in the adrenal cortex both in male 
and female as well as after gonadectomy (Fig. 6);  
however, its distribution varies in both sexes. It is 
immunolocalised particularly at the ZG in both male 
and female (Fig. 6A, B) with less important staining as 
well as at the innermost zones, in particular, ZR in the 
female (Fig. 6A, B), while in the male, the β-catenin is 
also found at the ZG but more intensively compared 

Figure 2. A–D. Gender differences and effect of gonadectomy on the morphometric measure of the depth of adrenocortical zone in Meriones 
libycus during the breeding season; CF — control female; CM — control male; ORX — orchidectomised; OVX — ovariectomised; ZF — zona 
fasciculata; ZG — zona glomerulosa; ZR — zona reticularis; **p < 0.01; ***p < 0.001; ****p < 0.0001.
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to the female and lack fully in the innermost zones 
of the adrenal cortex (Fig. 6A, B).

Gonadectomy induces a marked change in the 
distribution of β-catenin in the adrenal cortex. In-
deed, it becomes internal in the male after castration 
where it forms a weakly immunolabeled trail in the ZF 
which appears more intensive in the ZR (Fig. 6A, C).  
In the ovariectomised female, β-catenin is more im-
munostained in the ZG with more numerous cell lay-
ers (Fig. 6B, D); on the other hand, the distribution of 

β-catenin in the inner adrenal cortex zones is reduced 
and less intense than in the control (Table 2).

DISCUSSION
Our results clearly showed that the adrenal cortex 

is more active in female than in male of Meriones 
libycus; this has been seen in the weight, structural 
and hormonal level. In male, the ZG is more developed 
than in female with a higher number of cells per unit 
area suggesting a greater mitotic activity. However, 

Figure 3. A–L. Gender differences in the structure of adrenocortical zone and effect of gonadectomy on this structure in Meriones libycus dur-
ing breeding season. Scale bar: 20 µm; CF — control female; CM — control male; ORX — orchidectomised; OVX — ovariectomised.
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in female, the innermost zones especially the ZF and 
ZR show a large thickness associated with many cells 
per unit area, suggesting a remarkable proliferative 
activity. This finding corroborates with the cortisol 
plasma level which is higher in female than in male. 

Immunohistochemical analyses of β-catenin 
showed that this protein is mainly immunolocalised 
at the ZG in both sexes. Previous work has shown that 
it is responsible for the acquisition of the identity of 
ZG by the Wnt4 ligand [14]. However, in females, this 
protein is also found in innermost zona of the cortex 
forming a centripetal immunostaining gradient that 
is not observed in controls males. This distribution of 
β-catenin in the inner zona suggests that the Wnt-β- 

Table 2. Quantification of β-catenin immunoreactivity in the 
adrenal cortex of Meriones libycus male and female during the 
breeding season. Effect of gonadectomy

Groups ββ-catenin immunoreactivity (%)

ZG ZF ZR

Male CM 62.39 ± 0.7 7.11 ± 0.7 12.38 ± 0.6

ORX 40.93 ± 0.9*** 14.59 ± 1.7** 46.21 ± 2.1***

Female CF 59.23 ± 0.6 12.14 ± 0.9* 37.38 ± 0.6***

OVX 57.11 ± 1.2 10.77 ± 0.3 14.71 ± 0.8###

CF — control female; CM — control male; ORX — orchidectomised; OVX — ovariecto-
mised; ZF — zona fasciculata; ZG — zona glomerulosa; ZR — zona reticularis;  
CF vs. CM: *p < 0.05; ***p < 0.001; ORX vs. CM: **p < 0.01; ***p < 0.001;  
OVX vs. CF: ###p < 0.001

Figure 5. Sex differences in plasma cortisol concentrations and 
gonadectomy effects in male and female Meriones libycus during 
breeding season. Data is reported as mean ± standard error of the 
mean, n = 6 animals/group; **Control female (CF) vs. Control male 
(CM), Gonadectomised female vs. CF: **p < 0.01; *Orchidecto-
mised vs. CM: *p < 0.05.

Figure 4. A–C. Gender differences in the cell density of the adrenocor-
tical zone and the effect of gonadectomy in Meriones libycus during 
breeding season; CF — control female; CM — control male; ORX —  
orchidectomised; OVX — ovariectomised; **p < 0.01; ****p < 0.0001.
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-catenin signalling pathway is also taken especially in 
the ZR probably participating in the zonation process, 
which once again explains the intense development 
of the cortex in the female compared to the male. 
Recent studies have also revealed the presence of  
a centripetal decreasing gradient of β-catenin regu-
lated by other paracrine factors including zinc and 
ring finger 3 (ZNRF3) [3].

The literature has reported the existence of sex 
differences in the structure and the function of the 
adrenal cortex, in rat models, the activity is in favour 
of the female [20]; however, it has been reported in 
the Hamster that the cortex is more active in male 
than in female [11, 19]. These differences are report-
ed at several levels of adrenal function, in fact, the 
development of the adrenal glands is different since 
the fetal cortex or X-zone disappears in the male 

after puberty and persists in the female and does 
not disappear until the time of pregnancy [15]. The 
female cortex of the mouse is 6-fold more active due 
to a high proliferative activity especially in the outer 
ZF and the increased recruitment of GLI1+ capsular 
stem cells, resulting in their higher differentiated 
ability [12]. Another study also demonstrated that the 
sex-related gene was more abundantly expressed in 
female rats compared to male rats [25]. Furthermore, 
the hypothalamic-pituitary adrenal axis is more active 
in female than in male [13, 26].

Experiments of sex hormones deprivation con-
firmed the gender differences. Indeed, orchiectomy 
in Meriones led to a reduction in the number of 
glomerular cells as well as hypertrophy of the ZR; 
in the female, the ZG cells are more abundant and 
more β-catenin immunoreactive with hypoplasia of 

Figure 6. A–D. Immureactive β-catenin in the adrenal cortex of Meriones libycus male and female and the effect of gonadectomy; ZF — zona 
fasciculata; ZG — zona glomerulosa; ZR — zona reticularis.
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the innermost zones. These findings were supported 
by the distribution of β-catenin which is found in 
hypertrophied reticularis zona of the male and by 
the disappearance of immunostaining in the female 
which is shown in the control. On one hand, this sug-
gests that the Wnt/-β-catenin pathway is necessarily 
involved in the process of adrenal cortex zonation, 
especially the recruitment and increased renewal of 
steroidogenic cells. On the other hand, this pathway is 
regulated by gonadal hormones with probably a stim-
ulating action of oestrogen and an inhibitory action 
of androgens on the inner areas. The sex hormones 
mediate pituitary adrenal axis responsiveness to stress 
since the oestrogen increased adrenocorticotrophin 
hormone (ACTH) and corticosterone secretion in rats 
[28] while the androgen decreased the corticotropin 
releasing hormone (CRH), ACTH, and corticosterone 
concentrations both in the laboratory animals [23, 27] 
and the non-laboratory animals such as Psammomys 
obesus [5], Meriones libycus [1] and Gerbillus tarabuli 
[29]. Sex hormones also act on adrenal androgens 
with, in particular, a stimulatory effect of oestrogens 
in humans on the secretion of dehydroepiandroster-
on (DHEA) [21] and an indirect inhibitory effect by 
inhibiting the expression of 3β-HSD in the mouse 
[24]. Few studies report the effects of gonadecto-
my on the distribution of β-catenin; however, it has 
been shown that testicular androgens increase Wnt 
signalling that antagonizes PKA, leading to slower 
adrenocortical cell turnover and delayed phenotype 
whereas gonadectomy sensitizes males to hypercor-
ticism and reticularis-like formation [7]. Investiga-
tions using immunoblotting of β-catenin throughout 
the adrenal gland and the assay of androstenedione 
should provide more knowledge about the action of 
testicular androgens in modulating adrenal activity.

CONCLUSIONS 
The female Meriones adrenal gland is more active 

than the one of the male, characterised by the signif-
icant development of the ZF and reticularis leading 
to high plasma cortisol. Sex hormones participate in 
the modulation of this activity; androgens inhibit the 
activity of the steroidogenic cells in the innermost 
zone whereas oestrogens are stimulators reducing 
the pool of progenitor cells located in ZG. These 
actions of sex hormones seem to occur via the regu-
lation of the Wnt-β-catenin pathway which appears 
involved in the zonation of the innermost zone of 
the adrenal. Androgens seem to inhibit the Wnt-β- 

-catenin pathway in the inner zones and oestrogens 
are stimulators of the Wnt-β-catenin pathway in the 
inner zones.
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Background: Ageing is the primary risk factor for Parkinson’s disease. Progressive 
motor and coordination decline that occurs with ageing has been linked to ni-
grostriatal dysfunction. Few studies have investigated the efficacy of mesenchymal 
stem cells in ameliorating the structural and functional alterations in the ageing 
nigrostriatal system. This study is the first to evaluate the effects of intravenous 
injection of bone marrow-derived mesenchymal stem cells (BMMSCs) in a D-ga-
lactose-induced rat model of nigrostriatal ageing. 
Materials and methods: BMMSCs were intravenously injected once every  
2 weeks for 8 weeks. The transplanted cells survived, migrated to the brain, and 
differentiated into dopaminergic neurones and astrocytes. 
Results: BMMSC transplantation improved locomotor activity, restored dopamin-
ergic system function, preserved atrophic dopaminergic neurones in the substantia 
nigra, exerted antioxidative effects, and restored neurotrophic factors. 
Conclusions: Our findings demonstrate the efficacy of BMMSC injection in  
a nigrostriatal ageing rat model, and suggest that these cells may provide an ef-
fective therapeutic approach for the ageing nigrostriatal system. (Folia Morphol 
2023; 82, 4: 841–853)

Key words: bone marrow-mesenchymal stem cells, D-galactose, rat, 
nigrostriatal dysfunction

INTRODUCTION
Ageing is associated with several biochemical and 

molecular changes that eventually lead to cognitive 

and somatosensory impairments. This can be con-
sidered a primary risk factor for the development of 
neurodegenerative diseases such as Parkinson’s dis-
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ease (PD) [8, 23, 54, 72]. Dopaminergic (DA) neurones 
are among the most vulnerable cells of the central 
nervous system to the deleterious consequences of 
ageing. The most obvious indication of DA neurone 
susceptibility to ageing is the degradation of nigrostri-
atal DA neurones [35, 56].

Ageing has also been associated with structural 
alterations of the nigrostriatal system. Several reports 
have shown that pathogenic alterations associated 
with PD are identical to age-related changes in DA 
neurones. The loss of DA neurones in the substantia 
nigra (SN), which reduces the amount of dopamine 
released and the number of DA receptors in the stria-
tum and causes bradykinesia, muscular stiffness, and 
shaking, is a notable neuropathological aspect of PD 
[21, 35, 44, 56, 63]. These characteristics are mostly 
related to ageing (also known as late-onset PD) and 
are dependent on environmental and hereditary varia-
bles [19]. A substantial body of evidence suggests that 
brain-derived neurotrophic factor (BDNF) is essential 
for the survival of SN DA neurones. BDNF helps SN 
neurones survive in vitro and is protective against  
a variety of neurotoxic injuries both in vitro and in 
vivo [6, 40, 46]. Another neurotrophic factor, glial 
cell line-derived neurotrophic factor (GDNF), supports 
the survival of DA cells in the midbrain, increases the 
function of the remaining DA neurones in the SN, and 
inhibits degeneration and DA neuronal death [38, 
41, 42]. In addition, oxidative stress appears to be  
a crucial risk factor for ageing-mediated neuronal and 
neurotransmitter changes [25, 62].

The morphological and functional alterations as-
sociated with ageing are exacerbated in age-related 
diseases; therefore, therapies that attenuate primary 
and/or secondary ageing are the main focus of ageing 
research [10, 32, 33]. Both preclinical and clinical trials 
of stem cell treatment have demonstrated its effec-
tiveness in the treatment of Alzheimer’s disease (AD) 
and PD. Mesenchymal stem cells (MSCs) are the most 
promising type of stem cells owing to their ability to 
differentiate into the neuronal phenotype, secrete 
neurotrophic cytokines, and promote endogenous 
brain repair. In addition, they have immunomodu-
latory, neuroprotective, and angiogenic capabilities  
[5, 9, 26]. In rodent PD models, bone marrow-derived 
MSC (BMMSC) transplantation has been demonstrat-
ed to improve behavioural performance, ameliorate 
DA system degeneration in the SN and striatum, 
attenuate histopathological alterations, reduce the in-
flammatory response, and induce the release of neu-

rotrophic factors [2, 20, 37, 39, 64, 67, 69]. Based on 
a study in 2021, a single-centre, open-label phase 1  
clinical study was conducted to assess the safety 
and feasibility of intravenous injection of allogeneic 
BMMSCs delivered in escalating doses to patients 
with idiopathic PD [55]. 

Most of the research on the effectiveness of stem 
cells has been conducted on preclinical animal mod-
els or on patients with AD and PD, whose structural 
and functional brain capabilities have significantly 
deteriorated. It is possible that early intervention to 
address neuropathological changes during primary 
ageing will stop or at least delay the pathological 
processes leading to secondary ageing, thus lowering 
the prevalence of age-related disorders [3, 10, 32, 
33, 48, 59]. Few studies have evaluated the efficacy 
of MSC transplantation in animal models of ageing 
[13, 15, 18, 29, 47, 57, 68]. Therefore, we aimed to 
evaluate, for the first time, the potential beneficial 
effects of systemic transplantation of BMMSCs on 
the nigrostriatal system in a D-galactose (D-gal)-in-
duced rat model of brain ageing to evaluate their 
potential as a protective approach for age-related 
neurodegeneration.

MATERIALS AND METHODS 
Animal 

Thirty male Sprague Dawley rats (8 weeks old, 
180–200 g) were obtained from the Theodor Bilharz 
Research Institute, Imbaba, Egypt, and housed in the 
animal facility of the Faculty of Medicine, Menoufia 
University, Egypt. The rats were housed in standard 
polycarbonate cages with 2 rats in each cage under 
standard laboratory settings (22 ± 5°C, 60 ± 5% 
humidity, and a 12-h/12-h light/dark cycle). Standard 
laboratory chow and tap water were provided ad 
libitum. All experimental procedures involving animals 
were approved by the Institutional Review Board of 
Ajman University, UAE (IRB# M-F-A-14-Mar), and the 
Institutional Review Board of Menoufia University, 
Faculty of Medicine, Egypt (IRB# 191219ANAT), and 
were conducted in accordance with the guidelines on 
the ethical use of animals in the European Community 
Council Directive 2010/63/EU.

BMMSC isolation and culture

Bone marrow-derived MSC were obtained from 
6–8-week-old male Sprague Dawley rats, as previ-
ously reported [49]. Briefly, bone marrow plugs were 
harvested from the femurs and tibias of rats using  
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a 23-gauge needle and centrifuged for 5 min at room 
temperature at 1800 rpm. The cell pellets were then 
resuspended in Dulbecco’s modified Eagle’s medium 
(Gibco, Carlsbad, CA, USA) containing 10% fetal bovine 
serum (FBS) (Gibco) and 1% penicillin-streptomycin 
(Gibco) and seeded at a density of 1 × 106 cells/cm in 
25 cm2 cell culture flasks. Cells were incubated at 37°C 
in a humidified atmosphere containing 5% CO2. The 
culture medium was changed every 3–4 d to eliminate 
non-adherent haematopoietic cells. When the cells 
reached 70% confluence, they were harvested for  
2–5 min using 0.25% Trypsin–EDTA (Sigma-Aldrich, St. 
Louis, MO, USA), neutralised with a complete medi-
um, and centrifuged at 500 × g for 5 min. Cell pellets 
were resuspended in a complete medium. Cell viability 
was examined by adding equal volumes of the cell 
suspension and 0.4% trypan blue (Gibco) and loading  
10 μL of the stained suspension into each chamber of 
a haemocytometer. Viable and dead cells were count-
ed within 5 min of the sample preparation. Cells with 
greater than 90% viability were subcultured at a 1:3 
ratio (passage 1). The cells were used at passage 4. 

Flow cytometry

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

Experimental design

The rats were randomly divided into three groups: 
control, D-gal-treated, and D-gal + BMMSC-treated 
(n = 10 in each group). The sample size was calcu-
lated using G Power software. D-gal (300 mg/kg; 
Sigma-Aldrich, St. Louis, MO, USA) was administered 
subcutaneously to rats in the D-gal and D-gal +  
+ BMMSCs treatment groups daily for 8 weeks. Once 
every 2 weeks, 1 × 106 BMMSCs labelled with the 
membrane-bound fluorescent marker PKH26 (Sig-
ma-Aldrich) were intravenously delivered to rats in 
the D-gal + BMMSCs group.

Behavioural tests

All animals were acclimatised for 1 week after 
arrival to behavioural testing. Tests were conducted 

1 week after the last transplantation. The test ses-
sions were conducted between 2 PM and 5 PM. Two 
observers were present throughout each session and 
blinded to the experimental conditions.

Open-field test. The open-field test allows the 
simultaneous evaluation of exploration and locomo-
tion. A box 1 m × 1 m × 50 cm in height was made 
of wood. The floor of the box was divided into equal 
areas. Each rat was positioned in the centre of the 
open-field arena, and the rearing frequency and num-
ber of crossings (with both forepaws) were recorded 
using a video camera installed 2.5 m above the box 
for 5 min. The box was then placed in a noiseless 
room under controlled illumination. 

Beam walking test. Beam walking is a test of 
motor coordination [22]. The rats had to traverse  
a beam (100 cm long wooden beam, 4 cm wide, and 
3 cm tall), which was hung between a start stage at 
one end and their home cage at the other end at  
a height of 80 cm, was suspended by two pillars. 
Foam padding was placed underneath the beam to 
protect the animals from injury during a fall. A line 
(20 cm) was drawn at the start of the beam. During 
the test, the rat was placed within this starting area 
facing its home cage, and a stopwatch was started 
upon release of the animal. The timer was halted 
when all four paws were fully placed on the finishing 
platform at the other end of the beam. The numbers 
of footsteps and faults were also recorded. 

Measurement of body weight and the brain index

The general appearance of the rats, including be-
havioural activity, shininess, and hair coat colour, was 
observed daily. Body weights were assessed weekly. 
At the end of the experiment, the rats were anaesthe-
tised by intraperitoneal injection of ketamine (90 mg/ 
/kg) and xylazine (15 mg/kg), and decapitated. Brains 
were immediately collected from all rats and weighed. 
Brain indices were calculated using the following for-
mula: brain tissue weight (mg)/final body weight (g).

Assessment of oxidative stress and antioxidants 
indices

A spectrophotometer was used to assess the levels 
of malondialdehyde (MDA) and glutathione (GSH) 
in brain tissues. To assess the extent of lipid perox-
idation, rat striata (100 mg) were homogenised in  
1 mL of PBS (pH 7.0), and the MDA concentration was 
measured [65]. The homogenates were centrifuged af-
ter mixing with trichloroacetic acid (20%) at 5000 rpm  
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for 15 min. The supernatants were treated with a 5% 
thiobarbituric acid solution before boiling in a water 
bath for 10 min. The absorbance at 532 nm was 
measured, and the MDA concentration was estimated 
using a standard curve. The results are expressed in 
nmol per mg of protein. Ellman’s method [16] was 
used to assess the GSH levels. A solution of dithiobis 
nitrobenzoate was added to the striatal tissue ho-
mogenate and incubated for 1 h. The absorbance 
was measured at 412 nm. A standard curve was used 
to measure the GSH concentration. The findings are 
expressed in mmol per mg of protein.

Quantitative reverse-transcription polymerase 
chain reaction 

Total RNA was extracted from homogenised striata 
of rats in each group using RNeasy Purification Rea-
gent (Qiagen, Valencia, CA, USA), according to the 
manufacturer’s protocol. RNA purity was assessed 
with a spectrophotometer; the wavelength absorp-
tion ratio (260/280 nm) was between 1.8 and 2.0 for 
all preparations. RNA was reverse-transcribed into 
cDNA using Superscript II (Gibco Life Technologies, 
Grand Island, NY, USA). Quantitative polymerase chain 
reactions were run and analysed using a StepOneTM 
instrument with software version 3.1 (Applied Bio-
systems, Foster City, CA, USA). The reaction mixtures 
contained SYBR Green Master Mix (Applied Biosys-
tems), gene-specific primer pair (Table 1), cDNA, and 
nuclease-free water. The cycling conditions were as 
follows:10 min at 95°C, followed by 40 cycles of 15 s  
at 95°C, and 60 s at 60°C.

The ABI Prism sequence detection system software 
was used to analyse the data, and quantification was 
performed using Sequence Detection Software v1.7 
(PE Biosystems, Foster City, CA). Relative target gene 
expression was calculated using the comparative cycle 
threshold method [34]. All values were normalised to 
β-actin mRNA levels.

Immunofluorescence analysis

For immunofluorescence staining, brains were 
dissected and fixed at 4°C for 24 h, then cryo-
protected in 30% sucrose at 4°C. Serial sections  
(40 μm) were cut by a cryostat and stored at –20°C 
until use. The sections were incubated in 10% block-
ing solution (10% normal goat serum in 0.3% Triton 
X-100 in PBS) at room temperature (RT) for 1 h,  
then incubated at 4°C overnight in the primary 
antibodies rabbit anti-glial fibrillary acidic protein 

(GFAP) (1:1000, Abcam, Cat. #ab7260), or rabbit 
anti-tyrosine hydroxylase (TH) (1:500, Abcam, Cat. 
#ab112). The sections were then rinsed in PBS 
and a secondary antibody was applied (1:500, Al-
exa-488, Cat. #A-11034, Molecular Probes) at RT 
for 1 h. Finally, the sections were rinsed in PBS and 
mounted in Fluoroshield mounting medium with 
4’,6-diamidino-2phenylindole (DAPI) (Abcam, Cat. 
#ab104139).

Quantitative histological assessments

Four non-overlapping images per section were 
randomly captured from the striatum and SN and 
analysed for each brain section for each marker. 
Immunofluorescence images were captured us-
ing a Leica DM5500 B/11888817/12 microscope 
equipped with a Leica DFC450C camera, using  
a Leica HI PLAN 10/0.25 objective. For each image, 
the region of interest was the field of view at a mag-
nification of 10x. From at least three sections/rat, 
immunopositive cells were counted using ImageJ 
software (National Institutes of Health, Bethesda, 
Maryland, US) by a manual approach using the 
plugin/cell counter tool [53] and then averaged 
per field for each rat. The calculated numbers for 
the 10 animals/experimental group were used for 
comparison and statistical analyses. Concerning TH 

Table 1. List of primers used in reverse-transcription-quantitati-
ve polymerase chain reaction

Gene 
name

Gene  
accession

Primer sequence forward/ 
/Reverse 5’→3’

TH NM_012740.3 TCGGAAGCTGATTGCAGAGA 
TTCCGCTGTGTATTCCACATG 

DAT NM_012694.2 CCAGCAATTCAGTGATGACATCA 
CAGCATAGCCGCCAGTACAG 

VMAT2 NM_013031 CGC AAA CTG ATC CTG TTC AT
5-AGA AGA TGC TTT CGC AGG TG

D1R NM_012546.2 GGAGGACACCGAGGATGA 
ATGAGGGACGATGAAATGG 

D2R NM_012547.1 TGGGTCAGAAGGGAAGG 
GATGATAAAGATGAGGAGGGT 

BDNF NM_012842 TGTCCGAGGTGGTAGTACTTCATC
CATGCAACCGAAGTATGAAATAACC

VEGF AF062644 GAGGAAAGGGAAAGGGTCAAAA
CACAGTGAACGCTCCAGGATT

GDNF NM_019139.1 CCAGAGAATTCCAGAGGGAA
CTTCACAGGAACCGCTACAA

BETA 
ACTIN

NM_031144 ATTTGGCACCACACTTTCTACA
TCACGCACGATTTCCCTCTCAG

Abbreviations — see text
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immunoreactive striatal fibres, the immunoreactiv-
ity of TH fibres in the striatum was measured by 
densitometry as described by Febbraro et al. [17]. 
Photos were converted to grayscale using Image 
J programme (1.51 version; National Institute of 
Health, Bethesda, MD, USA) and analysed for grey 
intensity after calibrating the Image J programme 
by assessing the optical density. Optical density 
values for the treatment groups are presented as 
a percentage of the control groups. 

Statistical analysis

Data are expressed as the mean ± standard error 
of the mean. Normal distributions were evaluated 
using the D’Argostino and Pearson normality tests, 
and data were analysed using one-way or two-way 
analysis of variance followed by a post hoc Bonferroni 
test. Statistical significance was set at p < 0.05. Sta-
tistical analyses were performed using the GraphPad 
software.

RESULTS 
Characterization of BMMSCs

Mesenchymal stem cells derived from the bone 
marrow of Sprague-Dawley rats were spindle-shaped, 
fibroblast-like cells after 10 days of culture. At pas-
sage 4, cells were evaluated by flow cytometry for 
the expression of CD90, CD44 (mesenchymal cell 
marker), and CD34 (haematopoietic lineage marker). 
More than 90% of the cells were CD90+ and CD44+, 
and less than 10% were CD34+ (Fig. 1). These results 
indicated that the cells were mostly non-haemato-
poietic MSCs.

BMMSC transplantation improved the physical 
characteristics and brain indices

Rats in the D-gal group showed physical signs of 
general ageing, such as reduced activity and rough, 
dull, yellow hair coat with hair loss, whereas rats in 
the transplanted group exhibited signs of normal 
activity and smooth, glossy, brightly coloured hair 
coat, indicating that BMMSC treatment had beneficial 
effects on D-gal-induced ageing. In the current study, 
the body weights of rats in the control, D-gal, and 
transplanted groups were not significantly different 
(Fig. 2A). However, the brain index was significantly 
reduced in D-gal-treated rats compared with that 
in the control rats, whereas the brain index of the 
BMMSC-treated group was significantly improved 
compared with that in the aged rats (Fig. 2B), demon-
strating that transplanted cells reversed D-gal-in-
duced brain atrophy.

BMMSCs recovered locomotion and motor 
coordination in D-gal ageing rats

Aged rats showed significantly decreased loco-
motor activity, as indicated by a significant decline 
in the number of line crossings compared with those 
in the control group. This was significantly improved 
by BMMSC injection, as indicated by the significant 
increase in the number of line crossings compared 
to the values in the ageing group (Fig. 3A). In addi-
tion, aged rats showed increased rearing, which was 
significantly reversed in the BMMSC-injected group 
(Fig. 3B). In aged rats, beam walking tests exhibited 
a significant increase in crossing time (Fig. 4A), foot 
fault number (Fig. 4B), and footstep number (Fig. 4C), 

Figure 1. Characterisation of the bone marrow-derived mesenchymal stem cells (BMMSCs) population. The cell-surface phenotype of the 
BMMSCs was assessed by flow cytometry using antibodies against CD90 (A), CD44 (B), and CD34 (C). In total, 92.3%, and 92.1% of the cells 
expressed CD90 and CD44, respectively, whereas only 9.5% expressed CD34; –ve — negative; +ve — positive; pop. — population; FITC — 
fluorescein isothiocyante; PE — phycoerythrin.
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with a marked reduction in velocity (Fig. 4D), when 
compared to control rats. These observations demon-
strate marked changes in motor coordination during 
ageing. Interestingly, D-gal + BMMSC-treated rats 
showed significant improvement in these parameters.

BMMSCs restored DA system function

The impact of age on several DA targets, includ-
ing receptors, transporters, and relevant enzymes 
in the striatum, has been reported [4, 12, 21, 27, 
28]. Gene expression of the main functional compo-
nents of DA neurones was assessed in the different 
groups. Gene expression of TH for dopamine syn-
thesis, vesicular monoamine transporter-2 (VMAT2) 
for dopamine transport into the vesicle, presynaptic 
dopamine transporter (DAT), and main postsynaptic 
receptors, D1 and D2, were downregulated in the 
striatum of aged rats compared to control rats (Fig. 5).  
These declines in DA markers’ expression were sig-
nificantly prevented in the striatum of the D-gal  
+ BMMSCs group.

BMMSCs differentiated into TH-positive cells and 
astrocytes, and protected DA neurones in the 
D-gal ageing brain

To examine the underlying mechanisms by which 
BMMSCs improve motor deficits and restore function-
al DA system alterations, we first examined whether 
systemically administered BMMSCs homed to and sur-
vived in the brains of transplanted rats. PKH labelled 
BMMSCs were extensively found in all brain regions 
in the transplanted group. Studies have shown that 
age-related changes in DA neurones are comparable 
to the pathogenic changes observed in PD. A decline 
in the number of TH-positive cells has been report-
ed in the SN of healthy aged subjects. TH staining 
demonstrated a significant decrease in TH-positive 
cells in the SN and TH fibre density in the striatum of 
aged rats compared to that in the controls (Fig. 6). 
Transplantation of BMMSCs significantly increased 

Figure 3. Locomotion was evaluated in control, aged (D-gal), and 
transplanted (D-gal + BMMSCs) rats. Locomotion (horizontal loco-
motion and vertical rearing) were assessed for 5 min in an open- 
-field test; A. Number of line crossing; B. Rearing frequences;  
***p < 0.001 vs. control rats; ###p < 0.001 vs. aged rats. Data are 
expressed as means ± standard error of the means; n = 10/group;  
BMMSCs — bone marrow-derived mesenchymal stem cells.
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the number of TH neurones in the SN and TH fibre 
density in the striatum compared to that in aged 
rats. Interestingly, some of the PKH-labelled BMMSCs 
co-expressed TH in SN, indicating their differentiation 

into DA neurones. Furthermore, in the striatum, ap-
proximately 20% of the PKH-labelled BMMSCs co-ex-
pressed GFAP, indicating their differentiation into 
astrocytes (Fig. 7).

Figure 4. A–D. Motor coordination was evaluated using a beam walking test in control, aged (D-gal), and transplanted (D-gal + BMMSCs) 
rats; ***p < 0.001 vs. control rats; #p < 0.05 and ##p < 0.01 vs. aged rats. Data are expressed as means ± standard error of the means; 
n = 10/group; BMMSCs — bone marrow-derived mesenchymal stem cells.

Figure 5. Gene expression of dopaminergic system markers in the striatum in control, aged (D-gal), and transplanted (D-gal + BMMSCs) rats 
as measured by reverse-transcription-quantitative polymerase chain reaction; ***p < 0.001 vs. control rats; #p < 0.05, ##p < 0.01, and 
###p < 0.001 vs. aged rats. Data are expressed as means ± standard error of the means; n = 10/group; BMMSCs — bone marrow-derived  
mesenchymal stem cells; TH — tyrosine hydroxylase; VMAT2 — vesicular monoamine transporter-2; DAT — dopamine transporter.
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BMMSCs induced antioxidative effects and 
restored neurotrophic factors

The modification of neuronal and neurotransmit-
ter functions that accompanies ageing seems to be 
linked to oxidative stress. The specific susceptibility of 
SN neurones to ageing accumulated reactive oxygen 
species that may be the cause of the age-associated 
reduction in DA and motor function in elderly rats 

[25, 62]. Aged rats had higher levels of MDA, an 
index of lipid peroxidation, in the striatum than con-
trol rats. Furthermore, GSH levels were significantly 
downregulated in aged rats compared with those in 
control rats. In D-gal + BMMSC-treated rats, MDA 
levels significantly declined, whereas GSH levels were 
upregulated when compared with the levels in aged 
rats (Fig. 8A, B). Neurotrophic factors, such as BDNF 

Figure 6. A–H. Number of tyrosine hydroxylase (TH) positive neurones in the substantia nigra (SN) and the density of the TH fibres in the stri-
atum in control, aged (D-gal), and transplanted (D-gal + BMMSCs) rats. Scale bar = 500 μm; ***p < 0.001 vs. control rats; ##p < 0.01 
vs. aged rats. Data are expressed as means ± standard error of the means; n = 10/group; BMMSCs — bone marrow-derived mesenchymal 
stem cells.

Figure 7. Survival and differentiation of transplanted bone marrow-derived mesenchymal stem cells (BMMSCs) into tyrosine hydroxylase 
(TH) positive neurones in the substantia nigra (A–D) and astrocytes in the striatum (E–H) in the transplanted (D-gal + BMMSCs) group.  
A number of PKH-labelled BMMSCs (red) (B, F) co-expressed TH (green) (C) and anti-glial fibrillary acidic protein (GFAP) (green) (G). The  
insets display the boxed area at a higher magnification. PKH-labelled cells (red) (B, F), TH-positive cells (green) (C), GFAP-positive cells  
(green) (G), 4’,6-diamidino-2phenylindole (DAPI)-stained nuclei (blue) (A, E), and merged images (D, H). Scale bar = 500 µm.
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and GDNF, are crucial for the synaptic activity, sur-
vival, and function of DA neurones, and their decline 
has been linked to motor deficits associated with 
aged animals [7, 11, 14, 24, 38, 43, 52, 71]. In the 
striatum of aged rats, the expression of BDNF, GDNF, 
and vascular endothelial growth factor (VEGF) was 
remarkably reduced when compared with the expres-
sion in control rats, and these declines were reversed 
by BMMSC transplantation (Fig. 8C). 

DISCUSSION 
The most important risk factor for PD is ageing, 

and progressive motor and coordination deteriora-
tion associated with normal ageing has been linked 
to nigrostriatal degeneration. Several studies have 
shown that the DA system, both structurally and 
functionally, is affected during normal ageing [8, 23, 
35, 44, 54, 56, 63, 72]. The capability of stem cells 

to replace lost or malfunctioning cells has been the 
focus of recent research [13, 15, 18, 29, 47, 57, 68]. 
This study is the first to examine the potential bene-
ficial effects of systemic transplantation of BMMSCs 
on the DA system in a D-gal-induced rat model of 
brain ageing. In this study, we demonstrated that 
intravenous transplantation of BMMSCs into D-gal-
aged rats ameliorated behavioural deficits, restored 
DA dysfunction, differentiated into TH-positive cells 
in the SN, protected TH immunoreactivity in the aged 
striatum, and induced antioxidative and neurotrophic 
effects. These data demonstrate the therapeutic ef-
fectiveness of BMMSCS in the aged brain. 

Ageing is characterised by a gradual decline in 
locomotion and motor coordination. In our study, 
BMMSCs improved motor alterations in D-gal +  
+ BMMSCs. Our results are consistent with those of 
previous studies. Implantation of BMMCs into the stri-

Figure 8. Status of malondialdehyde (MDA) (A) and glutathione (GSH) (B) and gene expression of brain-derived neurotrophic factor (BDNF), 
glial cell line-derived neurotrophic factor (GDNF), and vascular endothelial growth factor (VEGF) (C) in the striatum of control, aged (D-gal), 
and transplanted (D-gal + BMMSCs) rats; ***p < 0.001 vs. control rats; ##p < 0.01 and ###p < 0.001 vs. aged rats. Data are ex-
pressed as means ± standard error of the means; n = 10/group; BMMSCs — bone marrow-derived mesenchymal stem cells.
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atum of naturally aged rats increased the functional 
recovery of swimming performance as measured by 
the Marshall scale for vigour and success, as well as 
motor coordination as measured by the transverse 
bridge test [18]. In various animal models of PD, 
BMMSCs implantation improved motor impairments 
[20, 31, 37, 45, 64, 67]. The beam walk test, which 
examines limb movements, such as accurate stepping, 
coordination, and precise positioning of the paw, is 
particularly susceptible to DA depletion [37, 51, 61]. 
In our study, the detected decrease in striatal DA 
levels resulted in significant motor incoordination in 
D-gal rats, as indicated by an increased number of 
footsteps and foot slips and a significant decline in 
velocity. Intravenous injection of BMMSCs decreased 
the number of footsteps and foot faults with an in-
crease in velocity. The observed motor improvements 
were associated with increased DA and TH levels in 
the striatum, suggesting that BMMC transplantation 
improved motor dysfunction in aged rats, possibly 
through DA upregulation in the striatum. 

Several studies have demonstrated the signifi-
cance of DA signalling in the maintenance of motor 
function, and that declines in dopamine function-
al component availability might be responsible for 
age-related behavioural deficits [4, 12, 21, 27, 28]. 
In the treated group, the gene expression of DA 
markers demonstrated an overall increase compared 
to that in aged rats. A study evaluating the striatal 
implantation of rat adult bone marrow MSCs in  
a 6-hydroxydopamine rat model of PD reported a partial  
albeit significant recovery of DA presynaptic markers 
such as D1, D2, DAT, and VMAT2 in treated animals 
compared to non-treated ones [12]. Therefore, it 
can be concluded that the detected improvements 
in motor and coordination activities might be due 
to the recovery of the DA system.

The survival, migration, and differentiation capac-
ity of the injected BMMSCs in D-gal-aged rats were 
investigated to explain the mechanism behind the 
behavioural and DA functional improvements ob-
served following BMMSC transplantation. Repeated 
intravenous BMMSC injection resulted in significant 
cell migration across all brain areas studied. These 
findings corroborate prior findings. Ageing has been 
associated with increased blood-brain barrier perme-
ability in both animals and humans, which might be 
caused by numerous ageing-related processes, includ-
ing increased oxidative stress and greater microglial 
activation [50, 60]. In our study, a few transplanted 

cells differentiated into TH+ cells in SN. Substantial 
evidence suggests that BMMSCs can differentiate into 
neurones, particularly DA neurones, both in vitro and 
in vivo [1, 30, 58, 66, 70]. Moreover, the nigrostriatal 
pathway is known to be involved in ageing and PD 
progression, and the striatum is well established to 
be the target brain structure for DA projections from 
the SN. We further assessed whether the DA fibres of 
the striatum were re-innervated in the transplanted 
group. Our results revealed that transplantation of 
BMMSCs significantly increased the number of en-
dogenous TH neurones in the SN and TH fibre density 
in the striatum compared to that in aged rats. These 
results suggest endogenous restoration of the host 
DA system in the SN of transplanted rats. Therefore, 
we next sought to investigate the potential paracrine 
mechanisms mediated by transplanted BMMSCs that 
could contribute to the endogenous revival of the 
host DA system.

Mesenchymal stem cells can be considered as 
mini-bioreactors capable of secreting a wide range 
of cytokines and neurotrophic factors that are crucial 
in the treatment of neurodegenerative disorders. 
There is a substantial body of evidence that MSCs 
express a variety of neurotrophic factors, including 
nerve growth factor, GDNF, BDNF, insulin-like growth 
factor-1, and basic fibroblast growth factor at both 
the mRNA and protein levels [24, 52, 71]. Synaptic 
plasticity, as well as the survival and function of mid-
brain dopamine neurones, are dependent on BDNF. By 
comparing BDNF (+/–) with wild-type mice at various 
ages, the effects of a partial genetic deletion of BDNF 
on motor activities and DA level measurements were 
studied. With age, a decrease in BDNF expression 
becomes more important for DA circuits and asso-
ciated behavioural performance [11]. Depletion of 
BDNF leads to declined TH expression in the SN [14]. 
GDNF is a secretory protein that protects DA neurones 
both in vitro and in vivo. GDNF treatment increas-
es striatal dopamine levels and potentiates striatal 
DA fibre regeneration in preclinical animals [38]. As  
a result, intracranial ectopic administration of GDNF 
has been attempted in multiple PD clinical studies with 
promising but equivocal outcomes [7]. We observed 
decreased BDNF and GDNF expression in D-gal aged 
rats, and these decreases were remarkably restored 
in BMMSC-transplanted rats. GDNF is primarily pro-
duced by astrocytes in the brain. GDNF expression is 
increased in astrocytes in the striatal region of PD an-
imal models with DA innervation, reflecting a process  
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of endogenous regeneration [43]. Interestingly, in the 
present study, 20% of transplanted cells differentiated 
into astrocytes in the striatum. The biological fea-
tures of BMMSC production of neurotrophic factors 
such as GDNF, as well as the ability of these cells to 
differentiate into astrocytes, indicate their potential 
for treating age-related neurodegenerative diseases. 

CONCLUSIONS 
This study demonstrated that intravenous trans-

plantation of BMMSCs prevented locomotion and 
coordination deficits in a D-gal ageing rat model by 
restoring DA system function, protecting atrophic DA 
neurones in the SN, inducing antioxidative effects, 
and secreting neurotrophic factors. Our study pro-
vides proof of principle that the systemic transplan-
tation of BMMSCs is a potential therapeutic approach 
for the protection of nigrostriatal changes associated 
with ageing. 
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Background: The greater omentum of white rats appears, in basic morphological 
features (in miniature), to be homologous to the greater omentum of humans. We 
study of the greater omentum reaction to the catgut implant. After implantation of 
the catgut thread, it turned out that not only the greater omentum, but also serous 
formations similar to it, related to the testicles, are involved in the covering of the 
implant. The aim of the study was to study the general plan of the structure and the 
principles of morphometric analysis of serous formations of testis in white male rats.
Materials and methods: The experiment involved 15 white male rats of repro-
ductive age, weighing from 284 to 334 grams.
Results: It has been established that each testicle of white rats has serous (peri-
toneal derivatives) formations of two types. One of them is a typical mesentery, 
with which each testicle is separately fixed to the posterior wall of the pelvic 
cavity, and the other formation is a free regrowth of a duplication of the serous 
membrane. It was called the epididymal omentum. According to the algorithm 
for studying the greater omentum in our previous works, it is noteworthy that the 
area of the greater omentum is noticeably inferior to the area of the epididymal 
omentums (F = 0.239; p = 0.006). So, if the average value of the area of the 
greater omentum is 2766.51 ± 388.12 mm2, then the same indicator of the 
epididymal omentum reaches 4383.36 ± 793.56 mm2, with their approximately 
the same thickness (F = 1.35; p = 0.291).
Conclusions: It has been established that the greater omentum has two, homeo-
morphic to it, derivatives of the peritoneum, associated with the epididymis, 
which were justifiably called epididymal omentums and were fully described in 
the literature for the first time. (Folia Morphol 2023; 82, 4: 854–861)

Key words: greater omentum, epididymal omentum, vascular-fatty 
arcades, radial vascular-fatty tracts, serous-reticular membrane, 
adipocytes, aseptic inflammation, serous membrane

INTRODUCTION
Information on the features of the anatomical 

structure of the internal organs of white rats can be 
obtained from the works of many authors who are 
engaged in experimental modelling of various patho-

logical conditions, and according to these authors, 
some organs of humans and white rats have more 
similarities than differences [12–14, 26, 29].

The greater omentum of white rats appears, in 
basic morphological features (in miniature), to be 
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homologous to the greater omentum of humans 
[20, 27, 30].

The data obtained in previous works indicate that 
the greater omentum of white male rats can be in  
a latent form, being mostly located among the loops 
of the small intestine and in its usual state — lo-
cated on the loops of the small and large intestine 
and consists of two component formations. They are 
represented by arcuate prostrate and anastomosing 
between themselves vascular-fatty arcades, which 
are linked by areas of the thinnest duplication of 
the serous membrane, called serous-reticular mem-
branes. Each of them can be represented as a finely 
perforated thinnest duplication of the peritoneum. 
Its reticular structure can be distinguished relatively 
wide looped strands, surrounded by mesothelium, 
and narrow, variable in configuration membranes, 
which transversely connect them [18].

These data were obtained in order to conduct 
further experimental studies – the study of the greater 
omentum reaction to the catgut implant. After im-
plantation of the catgut thread, it turned out that not 
only the greater omentum, but also serous formations 
similar to it, related to the testicles, are involved in 
the covering of the implant. It should be noted that 
these formations appear in the literature under such 
different names as: “gonadal depot of visceral white 
adipose tissue”, “epididymal white adipose tissue”, 
“gonadal fat”, “epididymal fat”, “epididymal fat pad” 
[1, 5, 9, 16, 17]. Gonadal white adipose tissue in 
female rats surrounds the uterus and ovaries and is 
called ovarian or parametrial white adipose tissue. 
In male rats, it’s connected with the epididymis and 
with the testicle itself and is called epididymal white 
adipose tissue [8, 23]. According to the literature, the 
cytoarchitectonics of epididymal fat is represented by 
several types of cells, such as preadipocytes, mature 
adipocytes, immune and endothelial cells [3, 7]. But 
a sufficiently intelligible description of the structure 
of these formations, no matter what they are called, 
was not found in any source of literature. It forces us 
to conduct a thorough study in the same algorithm 
that we were guided by when studying the greater 
omentum, in determining the most accessible and 
indicative for them metric analysis of morphologi-
cal dimensions, which will serve as control criteria 
in evaluating the results of planned experimental 
investigation.

The aim of the study was to study the general plan 
of the structure and the principles of morphometric 

analysis of serous formations of testis in white male 
rats.

MATERIALS AND METHODS
The experiment involved 15 white male rats of 

reproductive age, weighing from 284 to 334 grams. 
All animals were kept under standard conditions of 
the experimental biological clinic (vivarium) of the Pol-
tava State Medical University, in accordance with the 
rules for keeping experimental animals established 
by the Directive 2010/63/EU of the European Parlia-
ment and of the Council, by Order of the Ministry of 
Education, Science, Youth and Sports of Ukraine No. 
249 of 01.03.2012 “On Approval of the Procedure for 
Carrying out Experiments, Experiments on Animals by 
Scientific Institutions” and “General Ethical Principles 
of Animal Experiments”, adopted by the Fifth National 
Congress on Bioethics (Kyiv, 2013), (Report No. 198 
of 21.10.2021 from the meeting of the Commission 
on Biomedical Ethics of the Poltava State Medical 
University) [10, 21].

Vivisection was carried out in accordance with all 
the norms and requirements for conducting acute 
experiments on animals. The abdominal cavity was 
opened in all animals one-by-one (on a dissecting 
device in position of the animals on the back). It 
created a complete overview of the internal organs 
in their natural proportions [11].

Before further manipulations, at first, the entire 
content of the peritoneal cavity was subjected to 
gentle washing with warm 0.9% saline NaCl solution, 
and then irrigated from a syringe with 10% neutral 
formalin solution. Some total preparations of omen-
tums were stained in a solution of haematoxylin and 
eosin and Van Gieson. Only after that overview pho-
tographs were taken with a digital camera directly in 
the body of a laboratory animal on laminated graph 
paper and matte glass.

At the same time, in such a straightened form 
of preparations, it was possible to carry out their 
metric measurements, which were carried out using 
the electronic calliper “Miol”. Initially, the length and 
width of the omentums were measured. The length 
was measured from the point of the proximal-fixed 
side to the farthest point of its free-distal edge. The 
width was measured within its lateral dimensions. 
And if these two opposite sides are supplemented 
with two lateral lines, then the all omentum fits into 
a rectangle of a definite area. The area, of course, will 
be the derivative of two mutually perpendicular linear 
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distances. Finally, using the methods of variational 
statistics, we obtained the mean metric parameters 
of the epididymal omentum area and the greater 
omentum area of white rats. The second general 
morphometric parameter of the omentums was their 
thickness. But, due to the fact that it is variable over its 
entire area, this parameter can be obtained indirectly, 
based on its thickest irregularities. First, the thickness 
of the two slides was measured, then the fixed and 
free edges of the omentum were alternately placed 
on the first slide, covered with the second slide, and 
the thickness of the received “sandwiches” was meas-
ured. The desired index of the thickness of the two 
edges of the omentum was obtained by subtracting 
the known thickness of both slides from the total 
obtained value. Thus, the arithmetic mean of the two 
found indicators served as the general thickness of 
the epididymal omentum and the greater omentum 
of white rats. Only after that overview photographs 
were taken and it was proceeded to the direct study 
of the objects, followed by statistical processing of 
the obtained mathematical data.

Statistical analysis of the results was carried out 
on a personal computer using the Prism 5 (version 
5/03) and Microsoft Excel 2010 software packages, 
descriptive statistics and statistical analysis methods. 
The description statistics are presented for the mean  
± standard deviation. Quantitative values were pre-
sented in terms of median and interquartile (25%–75%)  
range (Q1–Q3).

The study was carried out in a Konus light micro-
scope equipped with a Sigeta DCM-900 9.0MP digital 
microphotographic attachment with the Biorex 3 
programme adapted for these studies (serial number 
5604). Morphometric characteristics of the tissue 
structures of the corresponding preparations were ob-

tained using a system for visual analysis of histological 
preparations, as well as using a Sigeta X 1 mm/100 Div. 
x0.01 mm object micrometer, the scale of which (equal  
to 1 mm, where the small division corresponds to  
10 μm) was applied on the corresponding micrograph 
were obtained at an equivalent magnification.

RESULTS
With a sufficiently wide opening of the peritoneal 

cavity of animals and a comprehensive examination 
of its content, one can easily determine the location 
of the desired formations, which in intact animals are 
located in different positions. Thus, in some cases, 
they occupy a superficial location accessible for direct 
observation; in other animals, they are hidden (like 
the greater omentum) among the loops of the small 
intestine, and sometimes they can be found within 
the pelvic cavity and even immersed in scrotum [18]. 
But in all cases, they can be extracted together with 
the testicles, followed by the manufacture of visual 
total preparations, which were placed on thin frosted 
glass or laminated graph paper (Fig. 1).

It has been established that each testicle of white 
rats has serous (peritoneal derivatives) formations of 
two types. One of them is a typical mesentery, with 
which each testicle is separately fixed to the posteri-
or wall of the pelvic cavity, and the other formation 
is a free regrowth of a duplication of the serous 
membrane. It was called the epididymal omentum 
(this name will be fully justified below). Actually, 
these serous formations belong to the sphere of our 
interests. Attention is drawn to the great diversity 
of their shape, which refers not only to individu-
al differences, but also to bilateral asymmetry. But, 
along with this, there are fan-shaped forms, as well 
as resembling peculiar lobes or a petal, which has  

Figure 1. General view of the total preparation of the epididymal omentums of a sexually mature male rat; 1 — the base of the omentum;  
2 — free edges of the omentum; 3 — radial vascular-fatty tracts; 4 — serous-reticular membranes; 5 — testicles.
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a narrow and short base, which starts from the head 
of the epididymis (Figs. 1, 2).

Starting from the head of the epididymis, blood 
vessels, which branch radially in the duplication of 
this serous lobe, penetrate through the narrow base 
of the epididymal omentum, which can be called  
a stem or pedicle. At the same time, in each radially 
oriented blood tract, there is an arterial vessel closely 
accompanied by a venous vessel (Fig. 3A). It should 
be noted that, in the greater omentum, the origins of 
the vascular-fatty arcades originate along the width 
of its base from the duodenum, greater curvature of 
the stomach and spleen.

It is quite remarkable that each radially oriented 
vascular tract occupies an axial position in the limbic 
adipose tissue, which has a lobular distribution. At 
the same time, along the length, they gradually be-
come thinner to terminal microvessels. This picture 
exactly corresponds to the structural organization of 
the vascular-fatty arcades of the greater omentum, 

with the only difference being that anastomosing 
occurs between their terminal sections in the area 
of the free edge of the greater omentum [18]. But 
unlike the greater omentum in the serous lobes of 
the testicles, similar formations are not arcade, but 
radial in shape, which gives reason to call them radial 
vascular-fatty tracts. Basically, they are homeomor-
phic formations. This is also confirmed by the fact 
that in the fatty lobules of the radial vascular-fatty 
tracts of the serous lobes of the testicles, there are 
separate milk spots (Fig. 3B). However, compared to 
the greater omentum, they are much less common.

An expressive similarity between the structure of 
the greater omentum and the serous lobes of the rat 
testis lie in the presence of a reticular structure of 
intermediate zones between their radial vascular-fatty 
tracts, which were called serous-reticular membranes. 
They clearly coincide with each other in their archi-
tectonics (Fig. 2). In support of this, we present only 
some micrographs of the intermediate zones of the 

Figure 2. Various forms of epididymal omentums in male white rats. Total preparations; A. Stained with haematoxylin and eosin; B. Intact, 
unstained preparation; 1 — the base of the omentum; 2 — free edge of the omentum; 3 — radial vascular-fatty tracts; 4 — serous-reticular  
membranes; 5 — testicle.

Figure 3. A, B. Areas of preparations of the epididymal omentum of a white male rat, totally stained with haematoxylin and eosin; 4× objec-
tive lens; small division of the metric scale: 10 microns; 1 — axial blood vessels; 2 — blood microvessels; 3 — fat cells; 4 — milky spot.

A B
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serous lobes of the testicles, which are comparable 
to those of the greater omentum (Fig. 4).

According to the algorithm for studying the great-
er omentum in our previous works, it has the following 
dimensions (on average, length 43.61 ± 3.50 mm; 
width 63.22 ± 5.69 mm; area 2766.51 ± 388.12 mm2; 
thickness 0.52 ± 0.07 mm), its vascular-fatty arcades 
had the following width (duodenal arcade 3.58 ±  
± 0.99 mm; gastric arcade 2.28 ± 0.35 mm and splen-
ic arcade 3.82 ± 1.16 mm). A morphometric analysis 
of the epididymal omentum was carried out. It was 
found that they differ in great variability in their size, 
that is, in the area of contact with the peritoneal fluid, 
in which they are located in a rather arbitrary arrange-
ment and have the following dimensions (on average, 
length 63.36 ± 9.43 mm; width 69.54 ± 9.77 mm; area 
4383.36 ± 793.56 mm2; thickness 0.58 ± 0.06 mm),  
the width of the radial vascular-fatty tracts of the 
epididymal omentum was also measured (lateral tract 
3.92 ± 0.52 mm and medial tract 5.59 ± 0.99 mm)

Figure 4. Areas of the serous intermediate zones of the epididymal omentum (A) and greater omentum (B) of a white male rat; A. 40×  
objective lens, stained with haematoxylin and eosin; B. 10× objective, Van Gieson staining; small division of the metric scale: 10 microns;  
1 — tissue structures of the radial vascular-fatty tracts on the border with serous-reticular membranes; 2 — looped strands of serous-reticular  
membranes.

Table 1 shows the main numerical data reflecting 
the metric characteristic of one of the two epididymal 
omentums. In Table 2 is presents metric parameters 
of the greater omentum.

Despite the relativity of these metric parame-
ters, they make it possible to judge the dimensional 
relationships between the serous formations and 
the greater omentum. First of all, it is noteworthy 
that, according to the obtained planimetric data, the 
area of the greater omentum is noticeably inferior 
to the area of the epididymal omentums (F = 0.239;  
p = 0.006). So, if the average value of the area of the 
greater omentum is 2766.51 ± 388.12 mm2, then the 
same indicator of the epididymal omentum reaches 
4383.36 ± 793.56 mm2, with their approximately the 
same thickness (F = 1.35; p = 0.291).

The area of epididymal omentums has a large indi-
vidual variation ranging from 3222.43 to 6245.84 mm2.  
Noteworthy is the fact that this range of individual 
variability depends mainly on the length (r = 0.669; 

Table 1. Metric parameters of the epididymal omentum of white rats at the macroscopic level (n = 15)

Min Q1 Median Q3 Max

Length [mm] 43.52 57.96 62.62 68.77 87.92

Width [mm] 52.88 63.94 69 75.14 90.01

Area [mm2] 3222.43 3928.48 4348.74 4838.24 6245.84

Thickness [mm] 0.49 0.54 0.57 0.61 0.69

The lateral width of the radial vascular-fatty tracts of the epididymal omentum [mm] 2.7 3.65 3.81 4.2 5.02

The medial width of the radial vascular-fatty tracts of the epididymal omentum [mm] 3.56 5.03 5.22 6.16 7.08

Min, Max — minimal and maximal value; Q1 — first quartile; Q3 — third quartile

A B
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p = 0.006), while the area of the greater omentum 
varies individually mainly due to its width (r = 0.873; 
p < 0.0001).

Additional morphometric information was ob-
tained by measuring the width of the radial vascular- 
-fatty tracts of the epididymal omentum (Table 1). 
They differ from the vascular-fatty arcades of the 
greater omentum only in shape, but not in their 
internal structure, except that in the epididymal 
omentums, they are, according to average statistics, 
somewhat wider (F = 28.08; p < 0.0001) due to  
a greater deposition of adipose tissue in them on the 
sides of the axial blood vessels.

DISCUSSION
According to the world literature, visceral white 

adipose tissue plays an important role in the accumu-
lation and release of energy, maintaining homeostasis, 
thermoregulation, secretion of adipokines in order to 
regulate metabolism, immune reactions, and main-
taining the body’s energy balance. Visceral adipocytes 
surround vital organs and are contained in the go-
nadal, perirenal, retroperitoneal, omentum, and per-
icardial depots. According to research by Bagchi and 
MacDougald [1] epididymal white adipose tissue is 
connected to the epididymis and blood vessels, which 
is also confirmed by our research. In turn, there may be 
several visible blood vessels and they are oriented and 
branched radially, occupying an axial position — that 
is why we call them radial vascular-fatty tracts, about 
which there are no data in the literature. 

In the conducted literature search, no attention is 
paid to determining the shape of epididymal serous 
formations of the testicles. In our work, we drew 
attention to the variety of forms and bilateral asym-
metry of epididymal omentums, which, starting with 
a narrow and short leg and can have a petal-like or 
fan-like shape.

In the process of research, we didn’t find com-
parative literary data of the greater omentum with 
epididymal fat; therefore, we made an attempt to 
compare these formations and as a result of the 
research, the undeniable similarity of the structural 
elements of their morphological structure was re-
vealed. Based on the obtained results, we think it is 
more correct than the existing terms in the literature 
to call these serous formations of the testicles epididy-
mal omentums. 

During the anatomical study of epididymal fat, 
some authors distinguish the proximal and distal part 
of the epididymal fat pad [15, 17].

While studying the external structure of the 
epididymal omentums, a short base that starts from 
the head of the epididymis and a free edge where it 
ends were identified. This fact was investigated and 
confirmed by Berry et al. [2, 22].

We also single out the mesentery, which fixes the 
testicle directly to the back wall of the pelvic cavity, 
and the actual free growth of the duplication of the 
serous membrane with adipose tissue.

During the morphometric analysis, it was estab-
lished that the area of the epididymal omentum ex-
ceeds the area of the greater omentum — mainly 
due to the length, which is confirmed by the studies 
of other authors [5, 24], who recognise epididymal 
fat as the largest representative of white visceral fat 
in rodents.

According to Cleary et al. [7] and, Billon and Dani [3],  
epididymal fat is composed of several cell types, in-
cluding mature adipocytes of various sizes, immune 
cells, endothelial cells, and preadipocytes. At the mi-
croscopic examination, milky spots, endothelial cells, 
and adipocytes were found, but we did not differenti-
ate the maturity of adipocytes or their precursors. The 
number of milky spots in the epididymal omentum, 
according to the observation, is significantly less than 

Table 2. Metric parameters of the greater omentum of white rats at the macroscopic level (n = 15)

Min Q1 Median Q3 Max

Length [mm] 35.65 41.61 43.27 45.62 48.68

Width [mm] 50.64 59.96 63.55 66.49 72.60

Area [mm2] 1805.31 2544.03 2804.89 2988.99 3354.98

Thickness [mm] 0.40 0.48 0.52 0.56 0.69

The duodenal width of the vascular-fatty arcades of the greater omentum [mm] 2.03 3.01 3.45 4.15 5.88

The gastric width of the vascular-fatty arcades of the greater omentum [mm] 1.85 2.07 2.19 2.48 3.01

The splenic width of the vascular-fatty arcades of the greater omentum [mm] 1.97 3.16 3.99 4.49 5.80

Min, Max — minimal and maximal value; Q1 — first quartile; Q3 — third quartile
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in the greater omentum, which coincides with the 
data of the literature about milky spots of the greater 
omentum and the gonadal fat [19, 25, 28].

At present, the function of epididymal fat is not 
clearly identified. According to Chu et al. [6], sur-
gical removal of epididymal fat causes cessation of 
spermatogenesis in the testis. It is suggested that 
secretory molecules derived from epididymal fat, such 
as leptin, resistin, and adiponectin, may influence the 
regulation of testicular function. A group of other 
authors believes that gonadal white adipose tissue 
may regulate gametogenesis by modulating neuroen-
docrine signalling [16, 17, 31].

We, in turn, without delving into molecular re-
search, noted the active participation of the epididy-
mal omentum in acute inflammatory processes of 
the abdominal cavity, namely, the prevention of the 
spread of the peritoneal inflammation (peritonitis, 
both septic and aseptic), which is the perspective of 
our further research. 

Also, the epididymal omentum deserves attention, 
especially when conducting experimental studies on 
laboratory animals, as it is absent in humans, which 
was also noted by some authors [4].

Thus, when comparing the anatomical structure 
of the structural components of the greater omentum 
with the epididymal omentum, we consider it appro-
priate to call the vascular ways of the greater omentum 
— vascular-fatty arcades, and the epididymal omentum 
— radial vascular-fatty tracts; intermediate avascular 
areas of omentums — serous-reticulate membranes, 
which are similar in their structure. This is also con-
firmed by the fact that in the fatty lobes of the radial 
vascular-fatty tracts of the testicles there are individual 
milky spots located along the blood vessels [18].

Therefore, the conducted brief comparative anal-
ysis between the structure of the greater omentum 
and the serous formations of the testicles of white rats 
shows that, due to their combination of similar tissue 
components, they can be considered as homologous 
derivatives of the peritoneum. Based on this thesis, we 
consider it is more correct than the existing terms in 
the literature to call these serous testicular formations 
epididymal omentums, as mentioned above, since 
they begin with short stems (or pedicles) from the 
head of the epididymis of the corresponding testicle.

CONCLUSIONS
We established that the greater omentum has 

two, homeomorphic to it, derivatives of the perito-

neum, associated with the epididymis, which were 
justifiably called epididymal omentums and were fully 
described in the literature for the first time.

Thus, in the peritoneal cavity of white male rats, 
in contrast to humans, according to our data, there 
are not one but three omentums. Because, according 
to the structure and topology in the peritoneal cavity, 
the small and large omentums cannot be considered 
identical formations, since the small one belongs to 
the category of ligaments.
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Background: The supraspinatus muscle, one of the four rotator cuff muscles, 
initiates abduction of the arm, simultaneously stretching the articular capsule at the 
glenohumeral joint, and also contributes to exorotation of the arm. In the present 
study we aimed to evaluate the age-specific normative values for morphometric 
parameters of the supraspinatus muscle in human fetuses at varying ages and to 
elaborate their growth models. 
Materials and methods: Using anatomical dissection, digital image analysis (NIS 
Elements AR 3.0) and statistics (Student’s t-test, regression analysis), the length, 
width, circumference and projection surface area of the supraspinatus muscle 
were measured in 34 human fetuses of both sexes (16 males, 18 females) aged 
18–30 weeks of gestation. 
Results: Neither sex nor laterality differences were found in numerical data of the 
supraspinatus muscle. In the supraspinatus muscle its length and projection surface 
area increased logarithmically, while its width and circumference grew propor-
tionately to gestational age. The following growth models of the supraspinatus 
muscle were established: y = –71.382 + 30.972 × ln(Age) ± 0.565 for length,  
y = –2.988 + 0.386 × Age ± 0.168 for greatest width (perpendicular to superior 
angle of scapula), y = –1.899 + 0.240 × Age ± 0.078 for width perpendicular 
to the scapular notch, y = –19.7016 + 3.381 × Age ± 2.036 for circumference, 
and y = –721.769 + 266.141 × ln(Age) ± 6.170 for projection surface area.
Conclusions: The supraspinatus muscle reveals neither sex nor laterality differences 
in its size. The supraspinatus muscle grows logarithmically with reference to its 
length and projection surface area, and proportionately with respect to its width 
and circumference. (Folia Morphol 2023; 82, 4: 862–868)

Key words: supraspinatus muscle, growth dynamics, fetal development

INTRODUCTION
Morphometric data referring to skeletal muscles in 

man may provide a great amount of conducive infor-
mation for a precise assessment of the musculoskele-
tal systems and may be of relevance in surgery [16].  

Developmental disturbances at the embryonic period 
may result in congenital defects of skeletal muscles, 
thus being responsible for their dysfunction, reduced 
joint mobility, joint stiffness and consecutive muscle 
atrophy.
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The supraspinatus muscle is triangular in shape, 
tapers laterally and occupies the osteofibrous su-
praspinous compartment on the posterior surface of 
the scapula, bounded inferiorly by the supraspinous 
fossa, which is sealed superiorly by the supraspinatus 
fascia. The supraspinatus muscle fibres end in a strong 
short tendon, which inserts onto both the superior 
posterior one-third surface of the greater tubercle of 
humerus and the shoulder joint capsule. Along with 
the three other tendons of the infraspinatus, teres 
minor and subscapularis muscles, the supraspinatus 
tendon contributes to the formation of the so called 
musculotendinous cuff or rotator cuff. The function 
of the supraspinatus muscle is to abduct the arm with 
stretching the articular capsule at the glenohumeral 
joint, as well as to rotate the arm laterally (exorota-
tion) with minimum flexion, working in conjunction 
with the deltoid muscle [9]. The supraspinatus muscle 
alone initiates abduction at the glenohumeral joint 
until first 30 degrees, and then continues this action 
with the deltoid muscle [17].

Compression of the supraspinatus tendon may 
first lead to its haemorrhage and oedema, occurring 
in its critical section. This is followed by degenera-
tion and ultimately by mechanical partial damage to 
the rotator cuff, resulting in both a weakening and  
a pain of the shoulder joint. The partial or complete 
damage to the rotator cuff muscles, especially to the 
supraspinatus muscle, may necessitate surgery [11].

Despite the use of different modern imaging 
methods, including ultrasound, magnetic resonance 
imaging, computed tomography and autopsy stud-
ies in adults, we still failed to find any numerical 
data about the supraspinatus muscle in human fe-
tuses. Therefore, according to our best knowledge, 
the present study constitutes the first report in the 
professional literature to morphometrically analyse 
the size of the growing supraspinatus muscle in the 
human fetus.

The three aims of the present study were:
 — to perform morphometric analysis of the fetal 
supraspinatus muscle (linear and planar param-
eters), so as to determine their age-specific nor-
mative values;

 — to examine possible sex and laterality differences 
for all analysed morphometric parameters; and 
finally

 — to compute growth dynamics for all the analysed 
morphometric parameters, expressed by best-
matched mathematical models.

MATERIALS AND METHODS
The study material comprised 34 human fetuses 

(16 males and 18 females) aged 18–30 weeks of 
gestational age, which originated from spontaneous 
abortions and preterm deliveries. The fetuses were 
acquired before the year 2000 and constitute part 
of the specimen collection of the Department of 
Normal Anatomy in the Ludwik Rydygier Collegium 
Medicum in Bydgoszcz of the Nicolaus Copernicus 
University in Torun. This experiment was approved 
by the Bioethics Committee of our University (KB 
275/2011). The gestational ages were based on the 
crown-rump length. Table 1 lists the characteristics 
of the study group, including the ages, number and 
sex of the fetuses studied.

With the use of anatomical dissection, the su-
praspinatus muscle was bilaterally visualised and ex-
cised, then imaged due to a Canon EOS 70D(W) digital 
camera and finally subjected to morphometric analy-
sis with a digital image system (NIS Elements AR 3.0).  
For every supraspinatus muscle examined, the follow-
ing five parameters on the dorsal projection of the 
scapula were precisely defined and measured (Fig. 1): 

 — its length based on the determined distance be-
tween its origin and insertion;

 — its greatest width based on the determined dis-
tance between its superior and inferior borderlines, 
just perpendicular to the superior angle of scapula;

 — its width based on the determined distance be-
tween the superior and inferior borderlines, just 
perpendicular to the scapular notch;

 — its circumference, based on the contour of the 
entire supraspinatus muscle;

 — its projection surface area bounded by the contour 
of the supraspinatus muscle.
The obtained numerical data was statistically an-

alysed in such a manner that distribution of variables 
was checked using the Shapiro-Wilk (W) test, while 
homogeneity of variance was checked using Fisher’s 
test. The results were expressed as arithmetic means 
with standard deviations. To compare the means, 
Student’s t-test for independent variables and one-
way analysis of variance were used. Tukey’s test was 
used for post-hoc analysis. If no similarity of variance 
occurred, the non-parametric Kruskal-Wallis test was 
used. The description of growth dynamics of the an-
alysed parameters was based on linear and nonlinear 
regression analysis. The match between the numerical 
data and computed regression curves was evaluated 
based on the coefficient of determination (R2).  
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RESULTS 
No anatomical variability of the supraspinatus mus-

cle was found. Of note, the statistical analysis revealed 
neither sex nor laterality differences for all the analysed 
parameters (p > 0.05). The mean numerical data, in-
cluding the length, widths, circumference and pro-
jection surface area of the supraspinatus muscle have 
been presented in Tables 2 and 3. Thus, we evaluated 
the growth dynamics of all parameters without taking 
the sex or age into account. The growth dynamics of 
the widths and circumference of the supraspinatus 
muscle followed linear functions, while those of the 
length and projection surface area of the supraspinatus 
muscle revealed natural logarithmic models (Fig. 2).

The mean length of the supraspinatus muscle in 
the gestational age range of 18–30 weeks increased 

from 17.79 ± 0.68 to 33.17 mm on the right side, 
and from 17.76 ± 0.70 to 33.21 mm on the left 
side, following the natural logarithmic function:  
y = –71.382 + 30.972 × ln(Age) ± 0.565 (R2 = 0.98)  
(Fig. 2A).

The mean greatest width of the supraspinatus 
muscle ranged from 3.93 ± 0.34 mm at 18 weeks of 
gestation to 8.40 mm at 30 weeks of gestation on 
the right side, and from 3.91 ± 0.32 to 8.41 mm on 
the left side, in accordance with the linear function: 
y =  –2.988 + 0.386 × Age ± 0.168 (R2 = 0.99) (Fig. 
2B). The mean width of the supraspinatus muscle 
at the gestational ages of 18–30 weeks grew from  
2.38 ± 0.12 to 5.26 mm on the right side, and from 
2.38 ± 0.13 to 5.28 mm on the left side, following the 
linear function: y = –1.899 + 0.240 × Age ± 0.078  
(R2 = 0.98) (Fig. 2C). 

In the analysed gestational age range the su-
praspinatus muscle revealed an increase in mean 
circumference from 39.10 ± 1.91 to 81.32 mm on the 
right side, and from 38.99 ± 1.96 to 81.54 mm on the 
left side, following the linear function: y = –19.7016 
+ 3.381 × Age ± 2.036 (R2 = 0.97) (Fig. 2D).

At the age of 18–30 weeks the mean projection 
surface area of the supraspinatus muscle oscillat-
ed from 46.89 ± 7.23 to 179.29 mm2 on the right 
side, and from 48.44 ± 5.06 to 179.41 mm2 on the 
left side, following the natural logarithmic function:  
y = –721.769 + 266.141 × ln(Age) ± 6.170 (R2 = 0.98)  
(Fig. 2E).

Table 1. Age, number and sex of the fetuses studied

Gestational age Crown-rump length [mm] Number  
of fetuses

Sex

Mean Standard deviation Minimum Maximum Male Female

18 135.17 130.00 142.00 4.22 6 3 3

19 151.00 148.00 154.00 4.24 2 1 1

20 166.00 165.00 167.00 1.41 2 1 1

21 172.67 169.00 176.00 3.51 3 2 1

22 182.00 182.00 182.00 – 1 1 0

23 198.00 194.00 202.00 5.66 2 1 1

24 208.00 205.00 212.00 3.61 3 1 2

25 217.00 214.00 221.00 3.16 4 1 3

26 229.33 225.00 232.00 3.79 3 1 2

27 237.00 235.00 240.00 2.16 4 1 3

28 246.00 245.00 247.00 1.41 2 1 1

29 257.00 255.00 260.00 2.65 3 2 1

30 265.00 265.00 265.00 1 1 1

Total 36 16 18

Figure 1. The supraspinatus muscle (A) in a male fetus at 27 weeks  
showing the measured parameters (B); 1 — length; 2, 3 — widths;  
PSA — projection surface area.

A B
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Table 2. Statistical analysis of numerical data (mean ± standard deviation [SD]) of the right supraspinatus muscle

Gestational age 
[weeks]

N Right supraspinatus muscle

Width 1 [mm] Width 2 [mm] Length [mm] Circumference [mm] Projection surface area [mm2]

Mean SD Mean SD Mean SD Mean SD Mean SD

18 6 3.93 0.34 2.38 0.12 17.79 0.68 39.10 1.91 46.89 7.23

19 2 4.46 0.06 2.65 0.02 19.09 0.03 45.64 0.49 62.53 2.14

20 2 4.89 0.04 2.95 0.01 22.15 0.05 49.95 0.04 75.85 1.41

21 3 5.08 0.18 3.11 0.11 22.51 0.40 53.59 5.46 79.65 2.60

22 1 5.31 3.32 23.64 53.67 89.82

23 2 5.71 0.14 3.62 0.21 26.20 1.56 57.63 2.96 10.77 9.72

24 3 5.94 0.19 3.80 0.02 27.77 0.59 61.98 2.44 127.06 14.28

25 4 6.59 0.29 4.20 0.15 28.64 0.15 66.35 1.92 144.67 1.63

26 3 7.13 0.18 4.42 0.05 29.69 0.45 69.45 0.90 147.70 1.04

27 4 7.55 0.13 4.56 0.06 30.67 0.41 70.74 0.28 150.58 0.95

28 2 7.74 0.06 4.71 0.00 31.16 0.01 71.87 0.21 157.08 0.48

29 3 8.12 0.08 4.93 0.10 31.83 0.44 76.61 2.89 172.11 2.09

30 1 8.40 5.26 33.17 81.32 179.29

DISCUSSION
The supraspinatus tendon is the most frequently 

injured structure within the musculotendinous (ro-
tator) cuff. The incidence of supraspinatus tendin-
opathy is approximately 61.9% in men and 38.1% 
in women [12]. According to some authors [6, 10], 
supraspinatus tendinopathy is associated with an 
extremely complex structure of the supraspinatus 
tendon, which is not typical of fusiform muscles. In 
fact, in the supraspinatus tendon two disparately 

anterior and posterior subregions are distinguished. It 
is noteworthy that the anterior subregion of supraspi-
natus tendon is thicker and more cylindrical, when 
compared to the posterior subregion of supraspinatus 
tendon, which is thinner and belt-like. Furthermore, 
unlike the posterior subregion, the anterior subregion 
of supraspinatus tendon extends further medially 
from its insertion on the greater tubercle of humerus 
and form a ramified fibrous structure [1]. Therefore, 
it is important to understand the development and 

Table 3. Statistical analysis of numerical data (mean ± standard deviation [SD]) of the left supraspinatus muscle 

Gestational age 
[weeks]

N Left supraspinatus muscle

Width 1 [mm] Width 2 [mm] Length [mm] Circumference [mm] Projection surface area [mm2]

Mean SD Mean SD Mean SD Mean SD Mean SD

18 6 3.91 0.32 2.38 0.13 17.76 0.70 38.99 1.96 48.44 5.06

19 2 4.53 0.05 2.67 0.04 19.29 0.08 45.95 0.54 62.81 2.10

20 2 4.89 0.03 2.97 0.02 22.08 0.09 49.85 0.10 75.76 1.38

21 3 5.09 0.15 3.10 0.10 22.52 0.40 50.36 0.32 79.95 2.93

22 1 5.34 3.33 23.62 53.59 89.71

23 2 5.70 0.18 3.62 0.19 26.21 1.52 57.73 3.00 105.83 9.45

24 3 5.92 0.09 3.82 0.07 27.81 0.51 61.75 1.97 127.08 13.69

25 4 6.55 0.26 4.18 0.16 28.62 0.12 66.33 1.72 144.55 1.23

26 3 7.15 0.18 4.43 0.04 29.69 0.49 69.43 0.93 147.63 1.12

27 4 7.54 0.16 4.56 0.08 30.66 0.46 70.57 0.33 150.82 1.12

28 2 7.72 0.01 4.70 0.01 31.13 0.03 71.77 0.18 156.79 0.61

29 3 8.13 0.11 4.93 0.12 31.86 0.43 75.65 1.23 172.21 2.11

30 1 8.41 5.28 33.21 81.54 179.41
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growth dynamics of the parameters of the supraspi-
natus muscle evaluated in the present study.

Abe et al. [1] found the supraspinatus tendon 
together with the tendons of the infraspinatus and 
subscapularis muscles to be separated from the artic-
ular cavity of the shoulder joint by the glenohumeral 
ligaments in week 9 of gestation, without explicit 
insertion to the humerus. Their connection to the 
anatomical neck of humerus occurred as late as week 
12 of gestation. The authors concluded the superficial 

part of the supraspinatus tendon to be formed near 
the infraspinatus tendon until week 12 of gestation; 
the latter along with the coracohumeral ligament 
appear to compress the insertion of the supraspinatus 
tendon. Therefore, the authors suggested that the 
supraspinatus and infraspinatus tendons develop very 
close to each other and form one anatomical element. 

Fealy et al. [5], who mostly focused on the shoul-
der joint in terms of its articular cavity and the gle-
nohumeral ligaments described the ossification of 

Figure 2. Regression lines for the length (A), widths (B, C), circumference (D) and projection surface area (E) of the supraspinatus muscle.
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the scapula that clearly affects the origin of the su-
praspinatus muscle and the force exerted by it. The 
authors concluded such an incorrect structure of the 
supraspinatus muscle to result in reduced muscle 
work and an inappropriate pull exerted on the humer-
us. This may produce the instability at the shoulder 
joint from an early fetal age.

There are no reports in the professional literature 
concerning the size and dimensions of the supraspi-
natus muscle in human fetuses, which precludes  
a more comprehensive discussion on this topic.

In this study we found the supraspinatus muscle 
to demonstrate neither sex nor laterality differenc-
es in its morphometric parameters. Similar findings 
were emphasized by some authors, who deal with 
the development of other skeletal muscles in human 
fetuses, i.e. triceps brachii muscle [7] biceps brachii 
muscle [14], biceps femoris muscle [15], trapezius 
muscle [2], deltoid muscle [13], semitendinosus mus-
cle [4], semimembranosus muscle [3] and quadratus 
lumborum muscle [8]. 

To our best knowledge the present study is the 
first one in the professional literature to evaluate 
mathematical growth dynamics of the supraspinatus 
muscle as a function of gestational age in weeks. 
Morphometric parameters of the supraspinatus mus-
cle increased either logarithmically or linearly in ac-
cordance with the following functions: y = –71.382  
+ 30.972 × ln(Age) ± 0.565 for length, y = –2.988  
+ 0.386 × Age ± 0.168 for greatest width, y = –1.899 
+ 0.240 × Age ± 0.078 for width perpendicular to 
the scapular notch, y = –19.7016 + 3.381 × Age  
± 2.036 for circumference, and y = –721.769 + 266.141  
× ln(Age) ± 6.170 for projection surface area. 

Numerical data for the supraspinatus muscle may 
be conducive in the assessment of the development 
of both the musculoskeletal systems and the fetus, 
with a potential relevance in surgery. We believe that 
the age-specific normative values for the growing 
supraspinatus muscle in human fetuses at varying 
gestational weeks obtained in this study will provide 
an introductory basis for future autopsy studies.

The main limitation of this study is a relatively nar-
row gestational age range from 18 to 30 weeks, and 
a small number of cases, including 34 human fetuses.

CONCLUSIONS
Neither sex nor laterality differences are found 

for all studied morphometric parameters of the su-
praspinatus muscle.

The growth dynamics of the length and projection 
surface area of the supraspinatus muscle increase 
logarithmically, while its widths and circumference 
increase proportionately to gestational age.

Conflict of interest: None declared 
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Background: In our literature review, we did not encounter any study examin-
ing the supracondylar process (SP) and the supratrochlear foramen (STF) with 
a three-dimensional (3D) reconstruction method. The present study aimed to 
evaluate SP and STF morphologically by employing the 3D reconstruction method 
and emphasize their clinical significance. 
Materials and methods: The research was carried out on dried human humeri 
of unknown sex and without pathological alterations. A total of 81 humeri  
(42 right, 39 left) were obtained from the Departments of Anatomy of Gazi 
University Faculty of Medicine and Lokman Hekim University Faculty of Medicine. 
The morphometric measurements of SP and STF were made with a digital vernier 
calliper. The computed tomography images acquired for radiological evaluation 
were analysed with the 3D reconstruction method. 
Results: The narrower distal medullary canal widths of humeri with STF were 
found to be statistically significant. No statistically significant difference was found 
between the transverse diameters (TD), vertical diameters (VD), the distance of 
the medial edge to the medial epicondyle, and the distance of the lateral edge to 
the lateral epicondyle of the supratrochlear foramen of the right and left humeri. 
Conclusions: The supracondylar process is often evaluated by mistake as  
a pathological condition of the bone, not as a normal anatomical variation. 
Knowing different shapes and dimensions, e.g. the TD and VD distance in which 
STF emerges, can assist in avoiding the misinterpretation of radiographs. (Folia 
Morphol 2023; 82, 4: 869–874)

Key words: supracondylar process, supratrochlear foramen, three-
dimensional reconstruction
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INTRODUCTION
The supracondylar process (SP) of the humerus, 

also known as the epicondylar, supra-epitrochlear, or 
a supratrochlear spur, represents a hook-like, bony 
spine with varied dimensions, which may project 
distally from the anteromedial surface of the humerus 
[10]. The process is usually located 4 to 8 cm proximal 
to the medial epicondyle (ME) [5]. The SP is often 
evaluated by mistake as a pathological condition of 
the bone, not as a normal anatomical variation [24]. It 
can sometimes induce symptoms by compressing the 
brachial artery or median nerve, or both of them [26]. 

The olecranon and the coronoid fossa are sepa-
rated by a thin bone plate, which can sometimes be 
perforated, causing a foramen named supratroch-
lear foramen (STF). STF represents a significant and 
comparatively frequent anatomic variation in the 
lower end of the humerus in people [12]. Orthopaedic 
surgical experience has demonstrated an associa-
tion between STF and a narrow intramedullary cavity 
[20]. The treatment for supracondylar fractures is 
intramedullary nailing, which can be compromised by 
the mentioned aperture. While the humerus is being 
evaluated radiologically, the presence of STF can be 
misjudged as a pathological lesion or cyst [17].

MATERIALS AND METHODS
The present research was conducted on a total 

of 81 (42 right, 39 left) dried humeri obtained from 
the Departments of Anatomy of Gazi University and 
Lokman Hekim University, Ankara, Turkey. Only adult 
bones were utilized in the current study. A digital 
vernier calliper was used to measure the transverse 
(TD) and vertical (VD) diameters of STF, the distance 
of the lateral edge of STF to the lateral epicondyle 
(LE), and the distance of the medial edge of STF to 
the ME. The presence of an STF was detected, and its 
shape was observed and separated into three types 
(oval, round, and triangular) (Fig. 1). In bones without 
the foramen, the translucency of the supratrochlear 
septum was noted with the help of transmitted light 
posterior to anterior. The length of the protrusion 
from the surface of SP, the length and width of the 
base of SP, the distance of the root of SP to the upper 
end of the ME, and the distance of SP to the nutri-
ent foramen were measured with a digital vernier 
calliper. Computed tomography (CT) was taken on 
humeri with STF and SP and four control humeri. 
Three-dimensional (3D) scientific modelling and mor-
phometric measurements of the humeri with CT were 

performed from sequential serial images in the DICOM 
format, using a 3D reconstruction programme (Mate-
rialize Mimics 17, Leuven, Belgium) used for scientific 
purposes. To better evaluate the medullary canals in 
the acquired models in comparison with normal CT 
images, solid humerus models were made transparent 
in the digital environment. For this purpose, Cinema 
4D (R25, Friedrichsdorf, Germany) 3D modelling and 
animation programme was used. With the help of Ma-
terialize Mimics, the proximal medullary canal width 
of humeri with STF and SP and four control humeri 
was measured 25% proximally of the humerus, the 
midshaft medullary canal width was measured from 
50% midshaft of the humerus, and the distal med-
ullary canal width was measured 25% distally of the 
humerus (Fig. 2). Furthermore, Materialize Mimics was 
used to measure the distance between the end of the 
medullary canal and STF, and the distance between 
the lower point of STF and the lower end of the hu-
merus. Ethics committee approval was granted for our 
study by Lokman Hekim University Non-Interventional 
Clinical Research Ethics Committee.

Figure 1. Different shapes of the supratrochlear foramen.

Figure 2. Transparentised image of the three-dimensional recon-
structed humeri with computed tomography; A. Control humerus; 
B. Supracondylar process; C. Supratrochlear foramen (red line: 
proximal medullary canal width, green line: midshaft medullary 
canal width, blue line: distal medullary canal width, orange arrow 
head: supratrochlear foramen).

A

B
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Figure 3. Translucent septum (A) and supracondylar process (B); 
arrow: supracondylar process.

A B

Statistical analysis

Statistical Package for the Social Sciences v23.0 
(SPSS Inc, Chicago, IL) was used for statistical analysis. 
The normality distribution of continuous variables 
was assessed with the Kolmogorov-Smirnov, histo-
gram and Q–Q plot tests. Categorical variables are 
presented with numbers and percentages, while con-
tinuous variables are shown in tables with mean and 
standard deviation, median and minimum–maximum 
values. The Mann-Whitney U test was conducted to 
compare continuous variables that were not normally 
distributed. P < 0.05 was considered statistically 
significant. 

Table 1. Incidence of different shapes of the supratrochlear 
foramen

Variables Right side Left side Total

Oval shape 3 (23.07%*) 7 (53.84%*) 10 (76.92%*)

Round shape 1 (7.69%*) 1 (7.69%*) 2 (15.38%*)

Triangular shape – 1 (7.69%*) 1 (7.69%*)

*The percentage in bones with supratrochlear foramen

RESULTS
Of the 81 humeri we examined, only 1 (1.23%) 

SP was detected on the anteromedial aspect of the 
right humerus (Fig. 3). The protrusion of SP from the 
surface was 35 mm, its base was vertically 6 mm long 
and 2.5 mm wide, the distance from the root of the 
protrusion to the upper end of the ME was 53 mm, 
and the distance of SP to the nutrient foramen was 
30 mm. The direction of SP was anteriorly, inwardly, 
and distally oriented. The lengths of the proximal, 
midshaft, and distal medullary canal widths of the 
humerus with SP were determined as 14 mm, 12 mm, 
and 18 mm, respectively (Fig. 2).

The STF was detected in 13 (16.04%) bones in 
total. Of the humeri with STF, 4 (9.52%) were right, 
and 9 (23.07%) were left. In the present study, we 
found STF more on the left side. Most STF had an oval 
shape in 76.92%, which was followed by a round 
shape in 15.38% and a triangular shape in 7.69% 
(Table 1, Fig. 1). No statistically significant difference 
was found between the TD, VD, ME, and LE of STF of 
the right and left humeri (Table 2).

The narrower distal medullary canal widths of hu-
meri with STF than the distal medullary canal widths 
of the control humeri were found to be statistically 
significant (p = 0.045). There was no statistically 
significant difference in terms of the proximal and 
midshaft medullary canal widths (Table 3, Fig. 2). 
The narrower distal medullary canal widths of the 
right humeri with STF than the distal medullary canal 
widths of the left humeri with STF were found to be 
statistically significant (p = 0.006). No statistically 
significant difference was found between the right 
and left humeri with STF in terms of proximal and 
midshaft medullary canal widths, the distance be-
tween the end of the medullary canal and STF, and 
the distance between the lower point of STF and the 
lower end of the bone (Table 4).

Table 2. The different measurements in supratrochlear foramen

Measurements Right side [mm] Left side [mm] P

Median Min–Max Median Min–Max

TD 5.75 3.00–12.00 4.10 2.00–10.00 0.439

VD 2.75 2.50–7.50 3.50 2.00–7.00 0.938

ME 24.50 21.00–26.50 24.00 20.00–31.50 0.877

LE 25.25 20.00–28.50 26.50 20.00–30.00 0.353

Min–Max — minimum–maximum; TD — transvers diameter; VD — vertical diameter; ME — the distance from the medial edge of the supratrochlear foramen to the medial epicondyle; 
LE — the distance from the lateral edge of the supratrochlear foramen to the lateral epicondyle
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The translucent septum was detected in 37 
(45.67%) humeri. The translucent septum was ob-
served at similar rates on both sides (right 45.23%, 
left 46.15%) (Fig. 3).

DISCUSSION
The SP of the humerus has a very low incidence. 

The incidence of SP was found to be 1.3% in Cauca-
sians [14], 2.5% in Nigerians [18], 0.7% in Japanese 
(Kyoto) [1], and 1.25% in Indians (Assam) [21]. Uy-
aroglu et al. [27] found the incidence of SP as 1.44% 
in their study on the Turkish population. This rate is 
very similar to our study. 

Our study is compatible with the study by Gupta 
and Mehta [11] in terms of length of the spine and 
with the study by Ravi and Patil [22] in terms of dis-
tance of the spine from the ME and distance of the 
spine from the nutrient foramen. In their study, Uy-
aroglu et al. [27] found the length of SP to be longer 

than that in our study and the distance of SP to the 
ME shorter than that in our study (Table 5).

Studies on the proximal, midshaft, and distal 
medullary canals in the literature reviews have been 
conducted directly on the bone or conventional ra-
diographs [16, 20]. However, no studies have been 
encountered on the 3D humerus models created from 
CT images by employing the digital transparentising 
method. The proximal and midshaft medullary ca-
nal width of the humerus with SP was found to be 
smaller than the mean medullary canal width of the 
control group humeri, whereas the distal medullary 
canal width was revealed to be more than the mean 
medullary canal width of the control group humeri. 
The mean proximal, midshaft, and distal medullary 
canal widths of the humeri in the control group were 
detected to be 15.5 mm, 12.7 mm, and 14.7 mm, 
respectively. Since the number of SP was 1, a statistical 
evaluation could not be carried out.

Table 5. Measurements of supracondylar process (SP) as reported by different authors

Measurement of SP Gupta and Mehta, 
2008

Ravi and Patil, 
2014

Uyaroglu et al., 
2005

Present study  
Coskun et al., 2022

Length of spine 3 mm 8 mm 10.6 mm 3.5 mm

Breadth at the base of spine 11 mm 12 mm – 2.5 mm

Distance of spine from medial epicondyle 65 mm 53 mm 37 mm 53 mm 

Distance of spine from nutrient foramen – 38 mm – 30 mm

Table 3. Comparison of the proximal, midshaft, and distal medullary canal widths of humeri with the supratrochlear foramen and  
control humeri

Measurements Supratrochlear foramen [mm] Control humerus [mm] P

Median Min–Max Median Min–Max

PMCW 14.0 11.0–18.0 15.5 14.0–17.0 0.169

MMCW 9.0 6.0–15.0 12.5 12.0–14.0 0.068

DMCW 12.0 9.0–18.0 14.5 14.0–16.0 0.045

Min–Max — minimum–maximum; PMCW — proximal medullary canal width; MMKW — midshaft medullary canal width; DMKW — distal medullary canal width

Table 4. Comparison of medullary canal widths of right and left humerus with supratrochlear foramen

Measurements Right side [mm] Left side [mm] P

Median Min–Max Median Min–Max

PMCW 12.0 11.0–18.0 14.0 12.0–16.0 0.260

MMCW 9.5 7.0–13.0 9.0 6.0–15.0 0.825

DMCW 9.0 9.0–11.0 12.0 11.0–18.0 0.006

MSF 9.5 6.0–11.0 10.0 9.0–12.0 0.330

SFLEB 12.0 11.0–14.0 12.0 11.0–17.0 0.604

Min–Max — minimum–maximum; PMCW — proximal medullary canal width; MMCW — midshaft medullary canal width; DMCW — distal medullary canal width; MSF — the distance 
between the end of the medullary canal and the supratrochlear foramen; SFLEB — the distance between the lower point of the supratrochlear foramen and the lower end of the bone
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It is necessary to differentiate the SP from osteo-
chondroma in pathological terms. The SP is distally 
oriented, toward the elbow without discontinuities 
in the cortex of the humerus. An osteochondroma 
points away from the joint. The X-ray of SP demon-
strates that an underlying humeral cortex is intact, 
while the cortex of the tumour is continuous with 
the humeral cortex in an osteochondroma. A SP can 
also be mimicked by heterotopic bone, e.g. myositis 
ossificans [24].

The incidence of STF in people ranges from 0.3% 
to nearly 60% around the world. The incidence of 
STF was found to be 0.304% in Greeks [19], 57% in 
Libyans [13], 47.0% in Africans [9], 30.5% [4] and 
31.3% [2] in Indians, 6.9% in Americans [3], and 
6.0% in Europeans [9]. The two studies on the Turkish 
population found the incidence of STF as 10.8% [8] 
and 12.0% [7], respectively. In the current study, we 
found the incidence of STF as 16.04%. This rate we 
found is close to the incidence percentages deter-
mined in the Turkish population. Indians and Africans 
have been stated to have a higher prevalence of STF 
in comparison with Europeans and Turks.

In the current research, the prevalence of STF was 
determined to be higher on the left side compared 
to the right side. Our findings also support previous 
reports [2, 4]. On the contrary, Nayak et al. [15] found 
STF more frequently on the right side in their study. 
They detected 73 STF on the right side and 59 STF 
on the left side. 

Studies have shown that STF is mostly oval-shaped 
[2, 4, 6]. In our study, the shape of STF was oval in 
76.92%, round in 15.38%, and triangular in 7.69% 
of 13 samples (Table 1). Shivaleela et al. [23] encoun-
tered mostly round-shaped STF in their study, which 
was followed by round-shaped STF and oval-shaped 
STF. They revealed that 47.37% of STF had a round 
shape and 42.11% had an oval shape [23]. 

In our study, no statistically significant difference 
was revealed between the TD, VD, ME, and LE of STF 
of the right and left humeri (Table 2). In most studies, 
no statistical significance was determined between 
the transverse and VD of the right and left STF [6, 15, 
23, 25]. Erdogmus et al. [8] found the TD of STF to 
be wider on the left side and STF to be closer to the 
ME on the left side. 

The narrower distal medullary canal widths of the 
humeri with STF than distal medullary canal widths 
of the control humeri in our study were found to 

be statistically significant. No statistically significant 
difference was revealed in terms of the proximal and 
midshaft medullary canal widths (Table 3). Paraskevas 
et al. [20] found the width of the medullary canal 
narrower in the distal of humeri with STF. In our study, 
it was determined to be statistically significant that 
the distal medullary canal widths of the right humeri 
with STF were narrower than the distal medullary 
canal widths of the left humeri with STF (p = 0.006). 
No statistically significant difference was detected 
between the right and left humeri with STF in terms 
of proximal and midshaft medullary canal widths, 
the distance between the end of the medullary canal 
and STF, and the distance between the lower point of 
STF and the lower end of the bone (Table 4). Ndou et 
al. [16] found no significant difference in the distal 
medullary canal widths of bones with STF. 

Since STF is directly related to the size of the 
intramedullary canal, it may play a key role in the 
preoperative planning of intramedullary nailing [6]. 
In humeral fractures of STF, surgeons should remem-
ber antegrade medullary nailing is better compared 
to retrograde nailing because a secondary fracture 
is more likely to occur since the canal at the distal 
portion of humeri with STF is extremely narrow [20].

In our study, the incidence of the translucent sep-
tum was 45.67%. In the studies by Nayak et al. [15] 
and Shivaleela et al. [23], the incidence of the trans-
lucent septum was 56.7% and 47.89%, respectively. 

CONCLUSIONS
The incidence of the SP in the Turkish population 

was determined as 1.23%. The SP is often evaluated 
by mistake as a pathological condition of the bone in-
stead of a normal anatomical variation. Knowing the 
mentioned variation and its prevalence may reduce 
misdiagnosis in radiographic images. We determined 
the incidence of STF in the Turkish population to be 
16.04%, mostly on the left side. Having knowledge 
of the anatomy of STF may play a key role in the 
preoperative planning of intramedullary nailing since 
there may be variations in the width of the medullary 
canal of the humerus with STF. It is also essential 
for anatomists and radiologists to have knowledge 
of the anatomy of STF. We think that this study, in 
which we employed the 3D reconstruction method, 
will contribute to the literature. 

Conflict of interest: None declared



874

Folia Morphol., 2023, Vol. 82, No. 4

REFERENCES
1. Adachi B. Das Arterien System Der Japaner. Verlag der 

Kaiserlich-Japanishcen Universitat, Kyoto 1928.
2. Ananthi K, Manickam S, Vaithianathan G, et al. Study of 

intercondyloid foramen of humerus. Rev Arg de Anat Clin. 
2011; 3(1): 32–36.

3. Benfer RA, McKern TW. The correlation of bone robusticity 
with the perforation of the coronoid-olecranon septum in 
the humerus of man. Am J Phys Anthropol. 1966; 24(2): 
247–252, doi: 10.1002/ajpa.1330240213, indexed in 
Pubmed: 5938202.

4. Bhanu PS, Sankar KD. Anatomical note of supratrochlear 
foramen of humerus in south costal population of Andhra 
Pradesh. NMJ. 1970; 1(2): 28–34.

5. Camerlinck M, Vanhoenacker FM, Kiekens G. Ultrasound 
demonstration of Struthers’ ligament. J Clin Ultrasound. 
2010; 38(9): 499–502, doi: 10.1002/jcu.20700, indexed 
in Pubmed: 20931650.

6. Chagas CAa, Gutfiten-Schlesinger G, Leite TF, et al. Ana-
tomical and Radiological Aspects of the Supratrochlear 
Foramen in Brazilians. J Clin Diagn Res. 2016; 10(9): AC10–
AC13, doi: 10.7860/JCDR/2016/21846.8503, indexed in 
Pubmed: 27790415.

7. Çimen M, Koşar Y, Sönmez M. Humerus’ta apertura septalis 
ile ilgili bir araştırma (A study on the aperture septalis in 
the humerus). Antropoloji. 2003; 14: 20–23.

8. Erdogmus S, Guler M, Eroglu S, et al. The importance 
of the supratrochlear foramen of the humerus in hu-
mans: an anatomical study. Med Sci Monit. 2014; 20: 
2643–2650, doi: 10.12659/MSM.892074, indexed in 
Pubmed: 25515544.

9. Glanville EV. Perforation of the coronoid-olecranon septum. 
Humero-ulnar relationships in Netherlands and African 
populations. Am J Phys Anthropol. 1967; 26(1): 85–92, doi: 
10.1002/ajpa.1330260111, indexed in Pubmed: 5633731.

10. Gray H, Williams PL, Bannister LH. Gray’s anatomy: the 
anatomical basis of medicine and surgery. 38 ed. Churchill 
Livingstone, New York 1995.

11. Gupta RK, Mehta CD. A study of the incidence of supra-
condylar process of the humerus. J Anat Soc India. 2008; 
57: 111–115.

12. Kate BR, Dubey PN. A note on the septal apertures in 
the humerus in the humerus of Central Indians. Eastern 
Anthropol. 1970; 33: 105–110.

13. Macalister A. Anatomical notes and quaries. Series II. 1. 
Perforate humeri in ancient Egyptian skeletons. J Anat 
Phys. 1990; 35: 121–122.

14. Natsis K. Supracondylar process of the humerus: study on 
375 Caucasian subjects in Cologne, Germany. Clin Anat. 
2008; 21(2): 138–141, doi: 10.1002/ca.20601, indexed in 
Pubmed: 18266286.

15. Nayak SR, Das S, Krishnamurthy A, et al. Supratrochlear 
foramen of the humerus: an anatomico-radiological study 
with clinical implications. Ups J Med Sci. 2009; 114(2): 
90–94, doi: 10.1080/03009730802688819, indexed in 
Pubmed: 19396695.

16. Ndou R, Maharaj S, Schepartz LA. A radiographic investi-
gation of the relationships between humeral cortical bone 
thickness, medullary canal width and the supratrochlear 
aperture (STA). Surg Radiol Anat. 2017; 39(1): 57–68, 
doi: 10.1007/s00276-016-1701-2, indexed in Pubmed: 
27241519.

17. Ndou R, Smith P, Gemell R, et al. The supratrochlear fora-
men of the humerus in a South African dry bone sample. 
Clin Anat. 2013; 26(7): 870–874, doi: 10.1002/ca.22132, 
indexed in Pubmed: 22855439.

18. Oluyemi K, Okwuonu U, Adesanya O, et al. Supracondylar 
and infratubercular processes observed in the humeri of 
Nigerians. Afr J Biotechnol. 2007; 6(21): 2439–2441, doi: 
10.5897/ajb2007.000-2384.

19. Papaloucas C, Papaloucas M, Stergioula A. Rare cases of 
humerus septal apertures in greeks. Trends Med Res. 2011; 
6(3): 178–183, doi: 10.3923/tmr.2011.178.183.

20. Paraskevas GK, Papaziogas B, Tzaveas A, et al. The supra-
trochlear foramen of the humerus and its relation to the 
medullary canal: a potential surgical application. Med Sci 
Monit. 2010; 16(4): BR119–123.

21. Prabahita B, Pradipta RC, Talukdar KL. A study of supra-
condylar process of humerus. J Evol Med Dent Sci. 2012; 
1(5): 817–822, doi: 10.14260/jemds/131.

22. Ravi V, Patil SP. Study of supracondylar process of hu-
merus. Int J Health Allied Sci. 2014; 3(2): 134–136, doi: 
10.4103/2278-344x.132708.

23. Shivaleela C, Afroze KH, Lakshmiprabha S. An osteological 
study of supratrochlear foramen of humerus of south 
Indian population with reference to anatomical and clin-
ical implications. Anat Cell Biol. 2016; 49(4): 249–253, 
doi: 10.5115/acb.2016.49.4.249, indexed in Pubmed: 
28127499.

24. Shivaleela C, Suresh B, Kumar G, et al. Morphological 
study of the supracondylar process of the humerus and 
its clinical implications. J Clin Diagn Res. 2014; 8(1): 1–3, 
doi: 10.7860/JCDR/2014/6743.3915, indexed in Pubmed: 
24596708.

25. Silva FA, Silva TS, Souza P, et al. Morphological and mor-
phometric study of the supratrochlear foramen. J Morphol 
Sci. 2018; 35(01): 54–57, doi: 10.1055/s-0038-1660487.

26. Symeonides PP. The humerus supracondylar process syn-
drome. Clin Orthop Relat Res. 1972; 82: 141–143, indexed 
in Pubmed: 4334694.

27. Uyaroglu FG, Kayalıoglu G, Erturk M. Processus supra-
condylaris humeri. Med J Goztepe Training Res Hospital. 
2005; 20: 222–225.

http://dx.doi.org/10.1002/ajpa.1330240213
https://www.ncbi.nlm.nih.gov/pubmed/5938202
http://dx.doi.org/10.1002/jcu.20700
https://www.ncbi.nlm.nih.gov/pubmed/20931650
http://dx.doi.org/10.7860/JCDR/2016/21846.8503
https://www.ncbi.nlm.nih.gov/pubmed/27790415
http://dx.doi.org/10.12659/MSM.892074
https://www.ncbi.nlm.nih.gov/pubmed/25515544
http://dx.doi.org/10.1002/ajpa.1330260111
https://www.ncbi.nlm.nih.gov/pubmed/5633731
http://dx.doi.org/10.1002/ca.20601
https://www.ncbi.nlm.nih.gov/pubmed/18266286
http://dx.doi.org/10.1080/03009730802688819
https://www.ncbi.nlm.nih.gov/pubmed/19396695
http://dx.doi.org/10.1007/s00276-016-1701-2
https://www.ncbi.nlm.nih.gov/pubmed/27241519
http://dx.doi.org/10.1002/ca.22132
https://www.ncbi.nlm.nih.gov/pubmed/22855439
http://dx.doi.org/10.5897/ajb2007.000-2384
http://dx.doi.org/10.3923/tmr.2011.178.183
http://dx.doi.org/10.14260/jemds/131
http://dx.doi.org/10.4103/2278-344x.132708
http://dx.doi.org/10.5115/acb.2016.49.4.249
https://www.ncbi.nlm.nih.gov/pubmed/28127499
http://dx.doi.org/10.7860/JCDR/2014/6743.3915
https://www.ncbi.nlm.nih.gov/pubmed/24596708
http://dx.doi.org/10.1055/s-0038-1660487
https://www.ncbi.nlm.nih.gov/pubmed/4334694


Folia Morphol. 
Vol. 82, No. 4, pp. 875–884

DOI: 10.5603/fm.97440
Copyright © 2023 Via Medica

ISSN 0015–5659
eISSN 1644–3284

journals.viamedica.pl

O R I G I N A L    A R T I C L E

875

Address for correspondence: Dr. A. Gawlikowska-Sroka, Department of Anatomy, Pomeranian Medical University, Al. Powstańców Wlkp. 72,  
70–111 Szczecin, Poland, e-mail: aleksandra.gawlikowska.sroka@pum.edu.pl

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download 
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

Topography of the infraorbital foramen  
in human skulls originating from  
different time periods
A. Gawlikowska-Sroka1 , Ł. Stocki2, J. Szczurowski3 , W. Nowaczewska4

1Department of Anatomy, Pomeranian Medical University, Szczecin, Poland
2Orion Dental Wawrzyniak and Stocki Dental Clinic, Szczecin, Poland
3Department of Anthropology, Wroclaw University of Environmental and Life Sciences, Wroclaw, Poland
4Department of Human Biology, University of Wroclaw, Poland

[Received: 15 September 2023; Accepted: 18 October 2023; Early publication date: 30 October 2023]

Background: The infraorbital foramen (IOF) is present on the maxilla under the 
infraorbital margin. Its identification is essential in various surgical procedures. The 
main aim of this study was the morphometric assessment of the position of the right 
and left infraorbital foramina in relation to specific structural elements of the facial 
skeleton, their width and direction, and also the determination of the location of 
these foramina above maxillary teeth in examined male skulls (belonging to Euro-
pean populations) dated to the beginning of the 20th century and the medieval and 
post-medieval period. This aim concerned also the assessment of the symmetry of 
the examined foramina (their location and size). An additional goal was to determine 
differences between the cranial samples concerning the analysed traits. 
Materials and methods: The six metric and two non-metric traits concerning the 
IOF were collected from the male cranial samples including modern skulls (n = 87), 
the medieval and post-medieval skulls (from 13th centuries and 15–17th centuries, 
respectively; n = 47) obtained from archaeological excavations in Wroclaw, and the 
sample of the medieval skulls (11–13th centuries, n = 100) from Sypniewo. The sex 
and age of the specimens were determined using the standard methodology. The 
appropriate statistical analysis was performed. 
Results: Significant differences were established for three traits (taken from the left 
and right side) in the case of modern skulls (diameter of IOF, its distance to the midline, 
and zygomaticomaxillary suture) and one in the case of medieval skulls from Sypniewo 
(distance to the midline). In all of the cranial samples IOF most frequently occurred above 
the first upper molar. The greater diameter of IOF and its shorter distance to the alveolar 
crest and nasal notch were observed in non-modern skulls compared to modern skulls.
Conclusions: The results of this study provide new additional data on the topography of 
IOF and its asymmetry, confirm the presence of both geographical and chronological differ-
ences between populations, and can be used in dental practice, and forensic odontology 
in the analysis of archaeological bone materials. (Folia Morphol 2023; 82, 4: 875–884)
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INTRODUCTION
The facial skin from the top of the forehead to 

the chin and laterally to the auricles receives senso-
ry innervation from the branches of the trigeminal 
nerve. Branches of the fifth cranial nerve also provide 
sensory innervation of the mucous membranes in 
the nasal cavity and paranasal sinuses, oral cavity, 
eyelids, and the teeth [6, 13, 49]. On the anterior 
side of the facial skeleton there are three holes that 
transmit important branches of the trigeminal nerve: 
the supraorbital foramen, the infraorbital foramen 
(IOF), and the mental foramen. Differences in the 
location of the supraorbital, infraorbital and mental 
foramina, as well as the topography of the mandibu-
lar canal have important clinical implications in many 
medical disciplines, including maxillofacial surgery, 
dentistry, neurology, neurosurgery, radiology, and 
in anthropological and forensic research [39, 40, 
59, 60, 62]. Maxillofacial surgeons consider these 
differences when planning complex resection proce-
dures of neoplastic lesions in the craniofacial area, in 
orthognathic procedures, or in trauma surgery [40]. 
In ophthalmology the infraorbital and supraorbital 
foramina are topographic reference points important 
in high-precision eye surgeries [30, 33–35, 38, 42, 51]. 
The topography of these foramina also has clinical 
relevance when performing nerve blocks in dentist-
ry, dermatology, plastic surgery and neurology. The 
accurate localization of these foramina reduces the 
risk of nerve damage [6, 49]. The IOF is located in the 
body of maxilla (corpus maxillae) under the infraor-
bital rim (IOR). The IOF is the terminal opening of the 
infraorbital canal (canalis infraorbitalis), which is an 
extension of the infraorbital sulcus (sulcus infraorbita-
lis) located on the orbital surface (facies orbitalis) of 
the body of maxilla. The infraorbital sulcus and canal 
transmit the homonymous (infraorbital) vessels and 
nerve. Studies have revealed variation in the shape 
and location of the IOF, as well as the presence of 
accessory foramina in different populations and eth-
nic groups [45, 56, 64]. The anatomical differences 
in the position of the IOF might be evidence of the 
evolution of the human skeletal system, or be an 
adaptation to the environment developed over many 
centuries in response to changing climatic conditions 
[44, 61, 63]. Studies have also demonstrated that 
ambient temperature can modify the morphology of 
the facial skeleton during development and growth 
[28, 50, 52]. Accessory infraorbital foramina have 
most often been identified in populations from cold 

climate zones, and least often in populations from 
the equatorial and tropical zones [64]. Both genetic 
and environmental factors [48] have a huge impact 
on the brachycephalisation and gracilisation of the 
facial skeleton [11, 19, 25]. Brachycephalisation is 
associated with reduction in the length of the skull, 
and thus also the length of the body of maxilla. The 
development of the neurocranium and the simulta-
neous shortening of its anteroposterior dimension 
are accompanied by an enlargement of the skull 
base, which might be manifested by a widening of 
the middle cranial fossa, and consequently changes 
in the topography of the IOF [19, 31, 43, 59]. Studies 
on the topography of the IOF have also identified 
asymmetry in the position of left and right foramina 
in different ethnic populations [56, 58, 64]. Due to the 
clinical relevance of the IOF and practical implications 
of findings in dentistry [4, 6, 26, 54], maxillofacial 
surgery, as well as in anthropological analyses of ma-
terials from archaeological excavations or in forensic 
analyses, the aim of this study was to assess anthro-
pometric data on the location and symmetry of the 
IOF in modern and medieval skeletal material from 
Poland, and identify potential significant differences 
in the topography of the IOF in skulls from different 
time periods [19–24, 31, 39, 43, 48, 59].

MATERIALS AND METHODS
Study material was composed of:

 — 87 modern human skulls dated to the beginning 
of the 20th century, kept in the museum collections 
of the Department of Anatomy of the Pomeranian 
Medical University in Szczecin, acquired during 
archaeological excavations in the cemetery near 
the church of St. Joseph in Szczecin in 1969–1970;

 — 100 skulls from individuals living in the Middle 
Ages constituting a part of the collection kept at 
the Department of Human Biology, the University 
of Wroclaw, acquired during archaeological ex-
cavations carried out in 1959–1989 at the ceme-
tery in Sypniewo (necropolis dated to the 11–13th 
centuries), and 47 skulls from individuals living 
in Wroclaw in the Medieval and the post-Middle 
Ages constituting a part of the collection kept 
at the Department of Anthropology, Wroclaw 
University of Environmental and Life Sciences, 
acquired during archaeological excavations in 
2004 in the Church of St. Matthias (necropolis 
dated to the 13th century) and that carried out 
from 1974 and 1996–1991 in the Church of St. 
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Christopher in Wroclaw (necropolis dated to the 
15–16th centuries). 
All skulls belonged to male individuals classified 
as adultus (age at death 30–35 years) or maturus 
(50–55 years), and represented European popula-
tions in the region of present day Poland.
The age and sex of individuals were determined 

based on the morphology of the skull [9, 10, 17, 46, 
47], the obliteration of cranial sutures [9, 10] and the 
degree of tooth wear according to the scoring system 
by Brothwell [9].

The criteria for inclusion in the study were as 
follows: adult age, male sex, good preservation of 
the bone material.

The exclusion criteria were as follows: damage to 
the bone material preventing all measurements, and 
developmental anomalies of the maxilla.

To define the topography of the IOF we took the 
following anthropometric measurements (Figs. 1, 2), 
also used by other researchers [1, 3, 12, 13, 15, 21, 
24, 27, 53, 64]:

 — distance between the IOF and infraorbital margin 
— For.Inf.-Mar.Inf.;

 — distance between the medial margin of the IOF 
and the nasal notch at the level of the conchal 
crest — For.Inf.-Inc.Nasalis;

 — distance between the medial margin of the IOF 
and the midline — For.Inf.-L.M.;

 — location of the IOF in relation to dental alveolus 
— loc.For.Inf.;

 — distance between the IOF and the zygomatico-
maxillary suture — For.Inf.-Sut.Zyg-Max.;

 — distance between the superior margin of the IOF 
and the superior margin of the alveolar process of 
maxilla located below the IOF — For.inf.-Pr.alveolaris;

 — diameter of the IOF measured at the widest point 
— diam.For.Inf.;

 — direction of opening of the IOF — dir.For.Inf.

Statistical analysis

The distribution of continuous variables was 
characterized by sample size (n), range (min–max), 
median (Me), arithmetic mean (M), and standard 
deviation (SD).

Continuous variables were verified for the nor-
mality of distribution using the Shapiro-Wilk test. 
Normally distributed variables were presented as the 
arithmetic mean (a measure of central tendency) 
and the standard deviation (a measure of spread). 
Non-normally distributed continuous variables were 

presented as the median (a measure of the central 
tendency) and the interquartile range.

The qualitative variables for the studied samples, 
such as edentulism, opening directions of the IOF, 
were characterized by sample size (n), category (e.g. 
I — inferior, S — superior, A — anterior, P — posterior, 
and the observed combination of these categories), 
and the number and percentage of cases identified 
for each category.

Measurements were taken by one investigator. The 
error of measurement was estimated. The probability 
of type 1 error (level of statistical significance) was 
adopted at p = 0.05.

Two groups of independent variables were com-
pared using Student’s t-test or the Mann-Whitney 

Figure 1. Selected anthropometric parameters of the infraorbital 
foramen on the front of the skull; A — For.Inf-Mar.Inf; B — For.Inf.- 
-Inc.Nasalis; C — For.Inf.-Pr.alveolaris; E — For.Inf.-Sut.Zyg.-Max.

Figure 2. Location of the infraorbital foramen in relation to alveoli 
on the front of the skull; 3 — canine; 4 — 1st premolar; 5 —  
2nd premolar; 6 — 1st molar; 7 — 2nd molar.
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U test. Two groups of dependent variables were 
compared using Student’s t-test or the Wilcoxon 
matched-pairs test.

The significance of differences between the fre-
quencies of particular categories of the examined 
qualitative variables for two independent groups was 
assessed using Yates’s chi-squared test.

Data were processed using STATISTICA PL version 
7.1 software [57].

RESULTS
Table 1 presents the summary statistics of the 

measurements taken in modern skulls and the re-
sults of the analysis concerning the presence of the 
asymmetry in this sample. In the case of the problem 
of the asymmetry the significant differences were 
established between the means (right and left) of 
the following traits: the distance between the medial 
margin of the IOF and the midline of the skull (the 
mean value of this trait was higher for the right side of 
the facial skeleton than on the left side), the distance 
between the IOF and the zygomaticomaxillary suture 
(the mean value of this trait was also highest for the 
right side), and the diameter of the IOF measured 
at the widest point (the mean value of this trait was 
higher on the left side than on the right) (Table 1).

In most skulls the IOF was located above the first 
molar tooth alveolus: in 82.75% of skulls on the 
right side and in 73.56% of skulls on the left side 
(Table 2). In most skulls the opening of the infraor-

Table 1. The descriptive statistics of the measurements of the relative position of the infraorbital foramen and its diameter taken from 
the modern skulls (n = 87) and the results of the comparison between measurements concerning the right and left sides of the facial 
skeleton

Variable P value  
Student’s t test

Mean ± SD Median Minimum Maximum

For.Inf.-Mar.Inf. R > 0.98 7.02 ± 1.46 6.98 3.42 12.18

For.Inf.-Mar.Inf. L 7.02 ± 1.44 6.84 2.64 11.33

For.Inf.-Inc.Nasalis R > 0.5 20.09 ± 1.88 20.21 16.20 24.77

For.Inf.-Inc.Nasalis L 20.18 ± 1.81 20.00 16.21 25.66

For.Inf.-L.M. R > 0.04 28.00 ± 2.06 27.75 23.59 33.30

For.Inf.-L.M. L 27.62 ± 1.97 27.43 23.20 33.51

For.Inf.-Sut.Zyg-Max. R > 0.004 23.47 ± 2.97 23.57 15.19 32.71

For.Inf.-Sut.Zyg-Max. L 22.96 ± 2.85 23.00 15.67 32.09

For.inf.-Pr.alveolaris R > 0.95 33.74 ± 3.25 33.71 23.26 42.54

For.inf.-Pr.alveolaris L 33.72 ± 2.93 33.89 26.80 41.35

Diam.For.Inf. R > 0.003 3.11 ± 0.77 3.11 1.36 5.07

Diam.For.Inf. L 3.30 ± 0.69 3.33 1.63 5.16

The statistically significant differences were marked in bold. All measurements in millimetres. R — right side; L — left side; SD — standard deviation; rest abbreviations — see text

Table 2. Location of the infraorbital foramen (IOF) in modern 
human skulls in relation to type of tooth (n = 87)

Location of IOF in relation to type of tooth

Right Left

N % N %

4 0 0 0 0

4/5 0 0 0 0

5 13 14.94 17 19.54

5/6 1  1.14 6 6.89

6 72  82.75 64 73.56

6/7 0 0 0 0

7 1  1.14 0 0

4 — 1st premolar; 5 — 2nd premolar; 6 — 1st molar; 7 — 2nd molar; 8 — 3rd molar

bital canal pointed in the anteroinferior direction 
(A/I) (Fig. 3).

The summary statistics of the analysed metric 
traits of medieval skulls from the Church of St. Mat-
thias and post-medieval skulls from the Church of 

Figure 3. Direction of opening of the infraorbital foramen in modern 
skulls (n = 87); I — inferior; A — anterior; A/I — anteroinferior; 
A/I/S — anteroinferior-superior.

Left sideRight side60%

40%

20%

0%
A/II A A/I/S



879

A. Gawlikowska-Sroka et al., Topography of the IOF in human skulls originating from different time periods

St. Christopher (representing a historic population 
of Wroclaw) and skulls from Sypniewo (dated to the 
mediaeval period) are presented in Tables 3 and 4. 
Results of the analysis concerning the issue of the 
asymmetry are also presented in these Tables. There 
were no significant differences between analysed 
traits (between left and right sides) in the sample 
including these groups of the skulls (Table 3). In the 
case of the cranial sample from Sypniewo the signifi-
cant difference was established only for the distance 

between the medial margin of the IOF and the midline 
of the facial skeleton (this distance was greater on 
the right side) (Table 4).

In both above-listed cranial samples, the most 
frequent location of the IOF (on the right and left 
side) was that above the first molar teeth alveolus 
(Tables 5, 6). 

Thus there was no difference between the 
above-mentioned trait between modern and 
non-modern cranial samples. 

Table 3. The descriptive statistics of the measurements of the relative position of the infraorbital foramen and its diameter taken from 
the non-modern skulls (n = 47) from Church of St. Matthias (medieval skulls) and the Church of St. Christopher (post-medieval skulls) 
in Wroclaw, and the results of the comparison between measurements concerning the right and left sides of the facial skeleton

Variable P value 
Student’s t test

Mean ± SD Median Minimum Maximum

For.Inf.-Mar.Inf. R > 0.42 6.89 ± 1.41 6.76 4.18 10.14

For.Inf.-Mar.Inf. L 6.75 ± 1.65 6.70 3.59 10.25

For.Inf.-Inc.Nasalis R > 0.34 19.49 ± 2.53 18.91 14.55 27.13

For.Inf.-Inc.Nasalis L 19.26 ± 2.29 18.71 15.41 27.25

For.Inf.-L.M. R > 0.45 28.27 ± 2.33 27.89 23.59 35.01

For.Inf.-L.M. L 28.08 ± 2.54 27.61 23.04 36.38

For.Inf.-Sut.Zyg-Max. R > 0.24 22.46 ± 2.74 22.81 17.07 27.66

For.Inf.-Sut.Zyg-Max. L 22.05 ± 3.09 22.26 10.04 29.42

For.inf.-Pr.alveolaris R > 0.12 31.65 ± 4.14 31.59 23.90 40.97

For.inf.-Pr.alveolaris L 31.22 ± 4.14 30.49 24.53 41.33

Diam.For.Inf. R > 0.81 3.48 ± 0.70 3.47 1.98 5.01

Diam.For.Inf. L 3.51 ± 0.68 3.48 2.22 5.13

All measurements in millimetres. R — right side; L — left side; SD — standard deviation; rest abbreviations — see text

Table 4. The descriptive statistics of the measurements of the relative position of the infraorbital foramen and its diameter taken from 
the medieval skulls from Sypniewo (n = 100), and the results of the comparison between measurements concerning the right and left 
sides of the facial skeleton.

Variable P value
Student’s t test

Mean ± SD Median Minimum Maximum

For.Inf.-Mar.Inf. R < 0.39 7.18 ± 1.57 7.12 3.80 12.95

For.Inf.-Mar.Inf. L 7.08 ± 1.53 7.05 3.33 12.30

For.Inf.-Inc.Nasalis R > 0.30 19.14 ± 2.10 19.04 12.87 26.37

For.Inf.-Inc.Nasalis L 18.97 ± 1.96 18.88 14.52 23.38

For.Inf.-L.M. R < 0.03 28.03 ± 2.16 28.04 23.07 33.46

For.Inf.-L.M. L 27.63 ± 1.85 27.04 23.10 32.08

For.Inf.-Sut.Zyg-Max. R > 0.21 23.54 ± 2.43 23.86 18.26 29.69

For.Inf.-Sut.Zyg-Max. L 23.35 ± 2.30 23.57 17.32 28.17

For.inf.-Pr.alveolaris R > 0.24 31.76 ± 4.14 31.47 22.90 53.44

For.inf.-Pr.alveolaris L 31.46 ± 3.49 31.35 23.00 38.14

Diam.For.Inf. R > 0.09 3.42 ± 0.69 3.38 2.10 5.54

Diam.For.Inf. L 3.54 ± 0.69 3.47 2.19 5.89

The statistically significant differences were marked in bold. All measurements in millimetres. R — right side; L — left side; SD — standard deviation; rest abbreviations — see text
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The most frequent directions of opening of the 
IOF on the left and right sides were anteroinferior 
(A/I) in skulls from the Church of St. Christopher and 
St. Matthias (Fig. 4), and inferior (I) in skulls from 
Sypniewo, p < 0.05 (Fig. 4).

The comparison of modern skulls and non-modern 
skulls for the location of the IOF revealed a significant-
ly greater distance from the IOF to the nasal notch 
in modern skulls on the right side (p < 0.002) and 
on the left side (p < 0.001), and a greater distance 
from the IOF to the top of the alveolar process of 
maxilla in modern skulls on both sides (p < 0.001). 
The diameter of the IOF was greater in medieval and 
post-medieval skulls (pooled sample): p < 0.003 for 
the right side, and p < 0.02 for the left side. There 
were no significant differences in the location of the 

IOF in relation to the alveolar arch. In both samples, 
the most frequent location of the IOF was above the 
first molar alveolus. The most frequent directions of 
opening of the IOF were inferior in medieval skulls, 
and anteroinferior in modern skulls, but differences 
between these samples were not statistically signif-
icant.

The comparison of skulls for the symmetry of the 
IOF is presented in Table 7. Accessory infraorbital 
foramina were not identified in the analysed samples 
of skulls.

DISCUSSION
The knowledge of the topography of the infraor-

bital canal and its terminal opening is essential for 
clinicians, especially dentists and dental surgeons, 
neurologists and plastic surgeons [8, 30, 36, 37, 38, 
40]. Some ethnic differences have been reported in 
the location of the infraorbital canal and its fora-
men, including the presence of the accessory IOF 
[8, 14, 15, 32, 58], and these variants should be 
considered when planning medical procedures, in 
anthropometric analyses of bone materials explored 
during archaeological research, and in the forensic 
assessment of human remains.

Table 7. Dominance of values of the analysed traits concerning 
the relative position and parameters of the infraorbital foramen 
on the left and right sides in modern and non-modern skulls

Variable Modern skulls Medieval/non-modern skulls

For.Inf.-Mar.Inf. Right Right

For.Inf.-Inc.Nasalis Left Right

For.Inf.-L.M. Right Right

For.Inf.-Sut.Zyg-Max. Left Right

For.inf.-Pr.alveolaris Right Right

Diam.For.Inf. Left Left

Figure 4. Direction of opening of the infraorbital foramen in 
non-modern skulls from the Church of St. Matthias and the Church 
of St. Christopher (n = 47) and in skulls from Sypniewo (n = 100); 
R — right side; L — left side; I — inferior; A — anterior; A/I —  
anteroinferior; A/I/S — anteroinferior-superior.

Table 5. Location of the infraorbital foramen (IOF) in relation  
to the type of the tooth, non-modern skulls (n = 47) from  
the Church of St. Matthias (medieval) and the Church of  
St. Christopher (post-medieval)

Location of IOF in relation  
to the type of the tooth

Right Left

N % N %

4 0 0 0 0

4/5 0 0 0 0

5 1 2.12 2 4.25

5/6 8 17.02 7 14.89

6 37 78.72 37 78.72

6/7 1 2.12 1 2.12

7 0 0 0 0

4 — 1st premolar; 5 — 2nd premolar; 6 — 1st molar; 7 — 2nd molar; 8 — 3rd molar

Table 6. Location of the infraorbital foramen (IOF) in relation to 
the type of the tooth; medieval skulls from Sypniewo (n = 100)

Location of IOF in relation  
to the type of the tooth

Right Left

N % N %

4 0 0 0 0

4/5 0 0 0 0

5 6 6.00 5 5.00

5/6 24 24.00 26 26.00

6 70 70.00 69 69.00

6/7 0 0 0 0

7 0 0 0 0

4 — 1st premolar; 5 — 2nd premolar; 6 — 1st molar; 7 — 2nd molar; 8 — 3rd molar

L the Church of St. Matthias and the Church of St. Christopher
R Sypniewo

R the Church of St. Matthias and the Church of St. Christopher

L Sypniewo
60%
50%
40%
30%
20%
10%

0%
A/II A A/I/S
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The knowledge of topographical variants and 
trends in the position of the IOF helps achieve ther-
apeutic success in everyday clinical practice and 
prevents the risk of misdiagnosis, misinterpretation 
of X-ray images, reduces the rate of complications, 
and also improves the outcomes of certain medical 
procedures and the accuracy of anthropological as-
sessments.

In the sample of the modern skulls the mean 
distance between the superior rim of the IOF and 
the IOR was 7.02 ± 1.46 mm for the right side and 
7.02 ± 1.44 mm for the left side (Table 1). However, 
in this study the difference between these means 
was statistically insignificant. According to results 
obtained by Kazkayasi et al. [38], Cutright et al. [13], 
and Agthong et al. [2] in studies on modern human 
skulls the IOF was lower on the right side, while on 
the left side the IOF was closer to the orbital rim. In 
our study the distance between the IOF and midline of 
the facial skeleton was higher on the right side in two 
examined cranial samples (including modern skulls 
and medieval skulls from Sypniewo). The distance 
between this foramen and the zygomaticomaxillary 
suture was higher on the right side of the facial skele-
ton and the widest diameter of the IOF was present on 
the left side of the facial skeleton only in the sample 
of the examined modern skulls. No other significant 
differences (concerning the problem of asymmetry) 
occurred in the examined samples of human crania.  
A study by Agthong et al. [2] revealed that the dis-
tance from the IOF to the top of the alveolar process 
of maxilla was almost identical to that measured in 
our analysis (Table 1). Aziz et al. [5] reported the dis-
tance to the IOR about 1 mm greater, and the distance 
from the IOF to the midline almost identical to that 
found in our study. Similar parameters were reported 
by Chung et al. [12] and Cutrig et al. [13]. In studies 
by Kazkayasi et al. [38] and Rahman et al. [53] the 
distance between the IOF and the nasal notch was 
17.23 ± 2.64 mm, while in the modern skulls analysed 
in our study it was 20.09 ± 1.88 mm (R) and 20.18 ±  
± 1.81 mm (L). Distances from the IOF to the maxillary 
midline and the IOR reported by Gupta [27] were very 
similar to those measured in our study. Gupta [27] 
also provided information on the position of the IOF 
in relation to the dental alveoli of maxilla: in 56.50% 
(R) and 50.60% (L) of skulls the IOF was located above 
the second premolar, and in 32.90% (R) and 24.10% 
(L) of skulls it was above the line between the second 
premolar and the first molar. In our study the position 

of the IOF in relation to the dental alveoli of maxilla 
in modern skulls was assessed in the frontal view. 
In most skulls the IOF was located above the first 
molar alveolus. The second most frequent position 
of the IOF was above the second premolar (Table 2). 
Aziz et al. [5] reported the most frequent location 
of the IOF above the first premolar alveolus. A study 
by Apinhasmit et al. [3] revealed that in most skulls 
the IOF was found above the second premolar, and 
in 27.90% of skulls above the line between the first 
and second premolars.

In this study, in the case of the comparison be-
tween modern and non-modern cranial samples the 
significant differences concerned the distance of the 
IOF from the margin of the alveolar process (this dis-
tance was greater in modern skulls) and the distance 
of the IOF from nasal notch (which was also greater in 
modern skulls than in non-modern). The first of these 
differences may result from various types of edentu-
lism in the region of measurement and, consequently, 
from progressive atrophy of the alveolar process of 
maxilla [4, 16, 53, 63]. Our study also demonstrated 
significant differences in the diameter of the IOF be-
tween the analysed samples of skulls. IOFs were much 
wider in non-modern skulls, and their diameter was 
similar to that reported by Gupta [27]. Chung et al. 
[12] found about 2 mm larger diameters of the IOF 
compared to values measured by us in medieval and 
post-medieval skulls, and 1.5 mm larger compared 
to modern skulls. 

In most cases the location of the IOF in relation 
to the dental alveoli of maxilla in non-modern and 
modern skulls viewed from the front was above the 
first molar dental alveoli of maxilla. The second most 
frequent location of the IOF was between the second 
premolar and the first molar in medieval skulls and 
above the second premolar in modern skulls. In hu-
man skulls, the IOF analysed in the vertical plane was 
located above the line between the canine and the 
first molar [1, 37], but most frequently the IOF was 
found above and in line with the premolars. How-
ever, there is no consensus among researchers as to  
a higher frequency of the IOF above the first premolar 
[e.g. 5] or above the second maxillary premolar [e.g. 
1, 3, 29].

No accessory infraorbital foramina were identified 
in our study, which also highlights ethnic differences. 
Hwang et al. [32] reported a higher frequency of 
accessory IOF in skulls from populations living above 
60 degrees latitude, in cold zones, than in temper-
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ate and tropical climates. Zhang et al. [64] found  
a higher frequency of accessory IOFs in a European 
population (21.7%) than in an African-American pop-
ulation (10%), while Sokhn [56] reported accessory 
IOFs in 8.6% of a sample representing a Lebanese 
population.

Studies on face and skull asymmetry are extremely 
important because of the need for detailed diag-
nostics in dental and orthodontic treatment, when 
planning local anaesthesia [6, 7, 41, 55, 65], or in 
paediatric surgery to repair cleft lip and palate [18, 
33, 39, 42].

CONCLUSIONS
Our analysis revealed differences in the location 

of the IOF between modern and non-modern skulls, 
and also with findings reported in the literature, 
which confirms the presence of both geographical 
and chronological differences between populations. 
The comparison of examined populations revealed 
a greater distance of the IOF from the nasal notch 
and the margin of the alveolar process of maxilla in 
modern skulls.

Knowledge of differences in the position of the 
IOF between local populations is fundamental for the 
correct interpretation of findings from diagnostic ra-
diological studies in dental practice, and for planning 
effective anaesthesia and implant placement. This 
knowledge is also necessary in forensic odontology 
or analysis of archaeological bone materials.
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Background: Onodi cell is a posterior ethmoid air cell with the optic canal bulg-
ing into it; the common position of the bulge is into the sphenoid sinus, usually 
immediately posterior to the posterior ethmoid air cells. Variable pneumatisation 
patterns lead to various structures of lamellae and sinuses occasionally exposing 
important nerves and vessels, such as the optic and vidian nerves, internal carotid 
artery and cavernous sinus. In clinical practice, special imaging techniques are 
used to navigate through the paranasal sinuses and hence avoid injury to these 
structures. This study is aimed to determine the prevalence of the Onodi cell in 
the Polish population and compare it with other reported occurrences. 
Materials and methods: A retrospective analysis of 296 computed tomography 
(CT) scans of patients treated in Krakow, Poland, using a Siemens Somatom Sen-
sation 16 spiral CT scanner. No contrast medium was administered.
Results: The Onodi cell was found in 31 out of the 296 patients, or approximately 
10.5%, consistent with the majority of research reporting on Onodi variants. Ad-
ditionally, there was one presentation of a bilateral Onodi cell in a male patient. 
No statistically significant difference was found between the male and female 
populations with a positive identification of the variant (p = 0.095, Chi2 test). 
Conclusions: This study helped approximate the Onodi variant prevalence of 
10.47%, falling within a commonly reported range 8–14%. This gives clinicians 
and surgeons a better understanding of this variant’s structure and significance, 
and therefore an opportunity to improve treatment outcomes and research. (Folia 
Morphol 2023; 82, 4: 885–891)

Key words: Onodi cell, sphenoid sinus, anatomy, computed tomography

INTRODUCTION
The paranasal sinuses are air-filled cavities that 

communicate with and create a functional unit with 

the nasal cavity [27]. Ostia are the openings between 
the paranasal sinuses and nasal cavity that permit 
aeration and drainage, including a path for sinusitis 
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infections and blockage [4]. Anatomical variations of 
bony structures within this region happen to be rel-
atively common including subsequent clinical symp-
toms such as sinusitis, deviated septum, and various 
air cells [23]. 

The Onodi cell, or posterior sphenoethmoid 
cell, is an anatomical variant of the posterior-most 
ethmoidal air cells, pneumatised posteriorly to the 
extent that the optic canal is visible from within 
the cell [17]. It was first introduced by Onodi in 
1904 [25]. Even though it is contraindicated to use 
eponyms in everyday clinical practice, they are still 
popular as they denote the same feature/condition 
in a much shorter, more appealing to medical pro-
fessionals version [3]. It is also true in the case of 
the Onodi cell. A similar term, “posterior overriding 
ethmoid cell,” has been reported by Ozturan et al. 
[26] which is defined as a posterior ethmoid cell that 
is pneumatised into the sphenoid bone and sinus, 
but is not characterised by an optic canal bulge. 
Since the internal carotid artery normally bulges into 
the sphenoid sinus, a patient with a positive iden-
tification of an Onodi cell will also, in most cases, 
present with a landmark often seen in transsphenoi-
dal sinusoidal surgeries recess [32]. Other relevant 
structures mostly pertain to the lateral wall of the 
sphenoid sinus and ethmoid including the cavernous 
sinus and all its enclosed structures (cranial nerves 
III, IV, VI, V1, and V2) and the vidian nerve, as well 
as even the brain stem behind the clival part of the 
sphenoid bone. Anatomic variants of the paranasal 
sinuses and nasal cavity may be more common, and 
may even overlap leading to complicated structure 
and function [7–16].

The process of paranasal cavity expansion is called 
pneumatisation and its pattern of development can 
lead to abnormal sinus architecture. Pneumatisation 
of ethmoid air cells takes place bilaterally inside the 
ethmoid labyrinth, and can extend into surrounding 
paranasal sinuses creating the Haller cells, agger nasi 
cells, and Onodi cells [23]. 

The extent of pneumatisation of the ethmoid and 
sphenoid sinuses impacts the thickness of bone be-
tween the sinus and surrounding structures, and walls 
as thin as 0.5 mm separating the sphenoidal sinus 
from surrounding structures have been reported, 
sometimes even less [32]. During the pneumatisa-
tion of the sphenoid sinus, it will develop into one 
of three types of sinus: conchal, presellar, and sellar. 
Most common according to Lu et al. [21] is the sellar 

type which pneumatised posterior and inferior to the 
sella. The sphenoid sinus usually has bilateral cavities 
with an intersphenoid septum [14].

Modern imaging and surgical equipment such as 
computed tomography (CT) and endoscopes have 
improved visualisation and subsequently surgical 
procedures in the nasal and paranasal regions, even 
as far posteriorly as the petrous apex [21] and the 
hypophyseal fossa. It would be dangerous to assume 
a patient’s anatomy to follow a standard textbook 
description, especially with so many variations in the 
paranasal architecture. Anatomical variants can be 
classified as normal since no human is the same and 
variation is inevitable [33]. That is why every varia-
tion must be studied and recorded, and identified 
before surgery takes place, or at least a surgeon 
ought to be prepared for variation and potential 
risks it bears.

To the best knowledge of the authors, there is 
a scarcity of information regarding the Onodi cells 
among the Polish adults. Henceforth, the main pur-
pose for conducting this study was to determine 
more accurately the prevalence of Onodi cells in the 
Polish adult population. Moreover, a subgroup anal-
ysis based on the sex of the patients was planned 
in order to probe for any potential differences that 
might arise because of it.

MATERIALS AND METHODS
The following study was conducted as a retrospec-

tive analysis of CT scans of a total of 359 patients, 
derived from the Department of Medical Imaging, 
University Hospital in Krakow, Poland. For the patients 
to be included, they had to be over 18 years of age 
and had a CT scan involving the paranasal sinuses. 
The exclusion criteria comprised any visible pathology, 
trauma or surgical intervention involving either the 
nasal, orbital or cranial basis (63 patients). Ultimately, 
296 patients (147 females, 149 males) were included 
in this analysis.

Medical imaging of the paranasal sinuses was 
obtained with the help of the Siemens Somatom 
Sensation 16 spiral CT scanner. Standard procedure 
applied, utilising Siemens CARE Dose 4D option. At 
no point in the present study was the contrast medi-
um administered to any of the patients. Multiplanar 
reconstruction tool was used for better visualisation 
of the paranasal sinuses in frontal and sagittal planes, 
reconstructed from the original images in the trans-
verse plane. The authors processed the obtained im-
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aging data via the Siemens Volume Wizard diagnostic 
station.

The authors analysed the data by searching for 
the presence of the Onodi cell, as per the definition 
stated above. Whenever present, its laterality and 
sex of the patient was noted. Examples of the CT 
images presenting the Onodi cell were anonymised 
and attached in this work.

Ethical approval

All procedures performed in studies involving hu-
man participants were in accordance with the ethical 
standards of the institutional and/or national research 
committee and with the 1964 Helsinki declaration and 
its later amendments or comparable ethical standards.

Statistical analysis

The statistical analysis for the present study was 
performed with STATISTICA version 13.3 by TIBCO 
Software Inc®. Chi-squared and Fisher’s exact tests 
applied, depending on the fulfilment of their criteria. 
P-value of < 0.05 was chosen to represent statistically 
significant results.

RESULTS
Presence of the Onodi cell was relatively frequently 

noted in the whole research material — it was found 
in 31 patients, more often in men (20 patients) than 
females (11 patients). There was no side predilection 
for this anatomical variation in the female group  
(5 were identified on the right side, whereas 6 on 
the left side). In the male group, the Onodi cell was 
prevalent more often on the left side (in 12 patients) 
than on the right side (7 patients). Bilateral Onodi cells 
were noted only in a single male patient. 

No statistically significant differences were found 
between the presence and absence of the Onodi 
cell in the female and male groups (p = 0.095, Chi-
squared test). In approximately 90% of men and 
women the Onodi cell was absent (Tables 1, 2).

Due to the fact that bilateral Onodi cells were 
noted only in a single case, the statistical analysis 
was not performed in this instance.

Within the group of patients with a unilateral 
Onodi cell, no statistically significant difference was 
found between the males and females which had 
right- or left-sided variants (p = 0.712, Fisher’s exact 
test; Table 3).

For the female group with a unilateral Onodi cell, 
the variant was present on the right side in 45.5% and 

in 54.5% on the left side. In juxtaposition, a unilateral 
Onodi cell was found in males more often on the left 
side (63.2%) than on the right side (36.8%).

Figures 1–4 present examples of the identified 
Onodi cells in both transverse and frontal planes.

DISCUSSION
As shown in this study, the Onodi cell is a relatively 

frequent finding on the CT scans of paranasal sinuses 
of the Polish adult population. Its prevalence was 
found to be 10.5% for the whole research group. 
When present, it was noted more often on the left 
side in males (63.2%), whereas in females there was 
not a clear side predilection visible.

Concurrent results are given by Perez-Pinas et 
al. [27], assessing the presence of the Onodi cell at 
10.9% (study of 110 CTs of the Spanish population), 
as well as Sethi et al. [30] — 13% (a dissection study 
of 30 Asian skulls).

A lower incidence of Onodi cells was reported by 
Elwany et al. [6] — 7.5%, determining the bilateral 
variant to be present in 5.3%. The reason for the 
discrepancies between the results may be attrib-

Table 1. Prevalence of the Onodi cell

The Onodi  
cell

F F% M M% F + M F% + M%

Present 11 7.48% 20 13.42% 31 10.47%

Absent 136 92.52% 129 86.58% 265 89.53%

F — females; F% — the percentage of females; M — males; M% — the percentage of 
males

Table 2. Prevalence of the unilateral and bilateral Onodi cell in 
the total research group

The Onodi 
cell

F F% M M% F + M F% + M%

Unilateral 11 7.48% 19 12.75% 30 10.14%

Bilateral 0 0% 1 0.67% 1 0.34%

Absent 136 92.52% 129 86.58% 265 89.52%

F — females; F% — the percentage of females; M — males; M% — the percentage of 
males

Table 3. Prevalence of the unilateral Onodi cell in the total rese-
arch group

The Onodi 
cell

F F% M M% F + M F% + M%

Right 5 3.4% 7 4.7% 12 4.05%

Left 6 4.08% 12 8.05% 18 6.08%

F — females; F% — the percentage of females; M — males; M% — the percentage of 
males
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uted to the method of sinus evaluation (cadaveric 
endoscopic examination) and the number of sinuses 
examined (93 patients). A much lower prevalence 
of this variant was reported by Seddighi et al. [29] 
(1.56%), Kazkayasi et al. [19] (1.5%), and Daghighi 
and Daryani [4] (0.4%). In the case of the latter 
researchers, the study population (Iranian) and the 
age of the respondents (under 18) could have caused 
such different results.

Higher incidence of Onodi cells was reported by 
Ozturan et al. [26] — 16.6%, Tan and Ong [32] — 
15%, Anusha et al. [2] — 14.3%, Lupascu et al. [22] 
— 18% (noting that the presence of the Onodi cell is 
associated with a smaller dimension of the sphenoid 
sinuses) and Earwaker [5] — 24%, of which bilater-
al cells were found in 9.36%. Similar results of the 
bilateral variant of the Onodi cell are presented by 
Kaplanoglu et al. [18] — 10.33%; however, giving  
a much higher incidence of unilateral incidence — 44%.  

The different results may possibly be related to the 
analysed ethnic group (Turkish).

Nitinavakarn et al. [24] reported the Onodi cell 
prevalence three times higher — 31.8% while investi-
gating the adult Thai population (88 CT scans). A high 
frequency of this variant is also reported by Kainz and 
Stammberger [17] — 42%. It may be related to the 
number of examined heads (52) and the method of 
evaluation (cadaveric endoscopic examination). The 
highest incidence of Onodi cells was presented by 
Chinese researchers, Lu et al. [21], after endoscopic 
examination of 18 skulls — 61.1%, but the results 
refer to both sides of the skulls (i.e., 36).

Completely different results are presented by Sareen 
et al. [28], who did not find a single case of the Onodi 
cell, which could be due to the small number of sinuses 
(20 skulls) and the method of observations (autopsy).

Detailed comparison of the present work with the 
previously published data can be found in Table 4.

Figure 2. A computed tomography scan of the paranasal sinuses, 
frontal section. The Onodi cell is marked on the right side.

Figure 3. A computed tomography scan of the paranasal sinuses, 
transverse section. The Onodi cell is marked on the left side.

Figure 4. A computed tomography scan of the paranasal sinuses, 
frontal section. The Onodi cell is marked on the left side.

Figure 1. A computed tomography scan of the paranasal sinuses, 
transverse section. The Onodi cell is marked on the right side.
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Each paranasal sinus develops as an extension 
of the nasal cavity, through which they also drain 
and receive air. Furthermore, the sinuses develop 
differently and at points in life, leading to variable 
anatomy of the nasal and paranasal regions [23]. With 
an increased extent of pneumatisation, important 
anatomical entities (namely neurovascular) that pass 
around the paranasal sinuses may become dehiscent 
further increasing the risk of iatrogenic injury during 
surgery and trauma. Recesses in the sphenoid sinus 
have been found in 93.92% of the Polish adult patient 
population, in which case access is improved due to 
less need for bone drilling [10].

An Onodi cell develops when the posterior 
ethmoid cell’s pneumatisation makes the optic ca-
nal visible from inside the cell [17]. Various patterns 
complicate both general anatomical terminology and 
surgical procedures; the paranasal sinuses are under 
constant review and research to discover and classify 
new variations and structures [23].

The sphenoid sinus is most commonly a sellar type 
sinus at the end of its development that usually occurs 
in the third decade of life. Next in order of frequency, 
are pre-sellar and conchal types [32]. Depending on 
the pattern of pneumatisation, the sphenoid sinus 
can have various anatomical variations e.g. accessory 

septae, deviated interspinous septae [32]. The ostia 
are found on the sphenoid bone’s anterior aspect as 
a continuation of the sphenoethmoidal recess, and 
are closely associated with the posterior group of 
ethmoid air cells [11, 18].

The Onodi cell is important due to its relation 
to several vital structures such as the optic nerve, 
internal carotid artery, among others. Complications 
during surgery, trauma, and/or disease related to 
paranasal sinuses can affect these nerves and open-
ings, and hence require special imaging to identify 
potential risks due to anatomy. Pneumatisation of 
the posterior ethmoid cell and subsequent bulging 
of the optic canal poses an increased risk due to 
increased exposure, e.g., during surgical excision of 
the inflammatory tissue from the ethmoid labyrinth. 
It is important to mention that the wall thickness 
and extent of protrusion of the optic canal is likewise 
variable from case to case. Injury to the optic nerve 
results in amaurosis. Studies have also shown that 
although the occurrence of Onodi cells are generally 
low, individuals with the Onodi variant have increased 
chances of bulging of other structures such as the 
internal carotid canal, creating a spheno-carotid re-
cess, a landmark for otolaryngologists operating in 
the sphenoid sinus. 

Table 4. Onodi cell prevalence in the previous studies

Author (materials and methods) Present Unilateral Unilaterally on the right Unilaterally on the left Bilateral

Perenz-Pinas et al. (110 CT) 10.9%

Sethi et al. (30 skulls, dissection study) 13% 10% – – 3%

Elwany et al. (93 skulls, endoscopic and dissection study) 7.5% – – – 5.3%

Seddighi et al. (64 CT and MRI) 1.56%

Kazkayasi et al. (267 CT) 1.5% 1.5% – – 0%

Daghighi and Daryani (292 CT) 0.4%

Ozturan et al. (999 CT) 16.6%

Tan and Ong (48 skulls, endoscopic and dissection study) 15%

Anusha et al. (300 CT) 14.3% 72.1% 32.6% 39.5% 27.9%

Lupascu et al. (200 CT) 18% – – – –

Earwaker (800 CT) 24% – – – 9.36%

Kaplanoglu et al. (300 CT) 54.33% 44% 22% 22% 10.33%

Nitinavakarn et al. (88 CT) 31.8% 13.6% – – 18.2%

Kainz and Stammberger (52 skulls, endoscopic study) 42%

Lu et al. (18 skulls, endoscopic study) 61.1%

Sareen et al. (20 skulls, dissection study) 0%

Jaworek-Troć et al. (296 CT) 10.47% 10.14% 4.05% 6.08% 0.34%

CT — computed tomography; MRI — magnetic resonance imaging
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Limitations to studies searching for anatomical 
variations include sample size, equipment, and dis-
crepancies in accepted terminology. Since the anat-
omy of the bony structures includes a considerable 
amount of variation, it is important to learn and 
understand each one to fully grasp the anatomy and 
importance of these structures. With the advent of 
modern imaging techniques, it has become much eas-
ier to visualise difficult to reach structures deep within 
the nasal cavity, such as the sphenoid sinus ostia. One 
of such techniques is utilising virtual dissection tables 
[31]. Endoscopic techniques have revolutionised pro-
cedures within this region and therefore continuing 
research into the structure will cooperatively develop 
surgical and other clinical procedures of the paranasal 
sinuses and associated structures [1].

In the future, focus can be shifted on the other 
air cells of the ethmoid and their invasion paths into 
the other paranasal sinuses. The Onodi cell is but one 
variant among many within the nasal and paranasal 
spaces, and therefore in many cases closely related 
to other anomalies. Additionally, CT may not be the 
only tool available in the near future; in development 
three-dimensional imaging and mixed reality (MR) 
technology may allow researchers and clinicians an 
even better approach to the paranasal structures, fur-
thering this research [20]. The present study is limited 
by the sole use of two-dimensional imaging, however 
a comprehensive three-dimensional evaluation of the 
Onodi cell, as well as other paranasal sinuses and their 
variants could be of clinical interest to the surgeons 
having to operate in those oftentimes difficult to ac-
cess regions. Finally, a wider sample size study could 
be carried out to quantify the prevalence of the cell 
in the polish population, as well as to identify other 
potential variations of paranasal anatomy. 

CONCLUSIONS
Various studies have been done on the presence 

of anatomical variants of the paranasal sinuses that 
are helpful to the medical community in solidifying 
the terminology and specifications of anatomic var-
iants, and determining their occurrence and clinical 
significance. Among the latter, of most importance, 
are surgical procedures involving endoscopic entry 
through the nasal cavity of anything in between 
that and the skull base. Imaging allows surgeons 
better preoperative planning and decreased chance 
of iatrogenic injury. In this study, we specifically 
determined the prevalence of the Onodi cell in the 

Polish population to be approximately 10% based 
on 296 CT scans. 

This report, along with the studies conducted by 
the referred authors and many more, serves as con-
tinuing research into the anatomy of the paranasal 
structure; this then can be employed by surgeons, 
clinicians, and researches to further their expertise 
and treatment of individuals with normal and ab-
normal anatomical variants such as the Onodi cell. 
This study not only widens our knowledge of the 
prevalence of this variant in the Polish population, it 
also confirms a general trend of prevalence (8–14%), 
and contributes data required for understanding the 
paranasal architecture. 
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Background: Lateral spinous process deviation (LSPD) is a commonly used mor-
phological parameter in the anatomical study of the cervical spinous process. 
However, quantitative studies on this issue are still lacking. In this study we aimed 
to establish reference intervals of C2-C7 LSPD in the adult Chinese population and 
provide decision-making information for clinical practitioners.
Materials and methods: This was a retrospective study of 92 adult patients 
who received neck computed tomography scans, including 42 females and 
50 males meeting the inclusion criteria. Three-dimensional reconstruction and 
anatomical measurements were performed using Mimics Research 19.0 and 
3-Matic Research 11.0. 
Results: The inter-observer reliability of LSPD measurement in this study was 
excellent (intraclass correlation coefficient value > 0.93). Only 2 cases of LSPD 
angles of 90 degrees were found, which means most cervical spinous process exist 
deviation. The reference interval for the C2-C7 LSPD angle was (85.11, 94.75) 
degrees. The C2 LSPD showed the different directions to C5 and C7 (p < 0.05). 
In the C4 vertebrae, the male tends to have greater LSPD angles than the female  
(T = –2.013, p = 0.047). In the C2 vertebrae, there was a statistically significant but 
weak correlation between age and LSPD angles (r = 0.24, p = 0.029). There was 
no statistically significant effect of sex or age on other levels of cervical vertebrae. 
Conclusions: Cervical spinous process deviation of less than 5 degrees on either 
side is a common morphological manifestation in Chinese adults. Thus, LSPD may 
not be an indicator for clinical care. Moreover, the vertebrae may have opposite 
directions of LSPD in the upper levels (C2-C4) and lower levels (C5-C7). (Folia 
Morphol 2023; 82, 4: 892–897)

Key words: morphology, cervical vertebra, lateral spinous process 
deviation, computerized tomography, retrospective analysis

INTRODUCTION
Neck pain is one of the most common muscu-

loskeletal complaints, with an annual prevalence of 
more than 30% [2]. Spinal manipulation was proved 

an effective therapy for neck pain compared to no 
treatment or sham treatment [2, 3, 7]. Identifying 
bony landmarks by palpation is a prerequisite proce-
dure for many kinds of manual therapy [12, 15]. One 
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of the most important bony landmarks in the cervical 
vertebra is the spinous processes (SPs) [12]. According 
to Mulligan’s techniques, which was commonly used 
in musculoskeletal physical therapy, SPs are thrust 
points in many spinal manipulations [9, 12]. Likewise, 
before spinal manipulation, Maitland emphasized 
using the tip of the thumb to palpate the SPs for the 
assessment of bony outlines [14]. Theoretically, SPs 
of a spine should align in the posterior midline of 
the neck region [11, 15]. To date, the definition of 
the midline alignment of SPs still lacks quantitative 
study. According to previous research, lateral spinous 
process deviation (LSPD) angle is a commonly used 
morphological parameter in the anatomical study 
of the cervical spinous process, but its correlation 
with clinical symptoms remains doubtful [1, 4, 5]. In 
addition, it is still controversial regarding the static 
imaging measures of LSPD as indicators for clinical 
treatment [4, 13]. To fully understand the definition 
of the midline alignment of SPs, the cut-off values of 
LSPD in normal populations need to be determined. 
Also, previous studies of cervical spinous processes 
failed to acquire data of multiple segments of the 
same individuals. Therefore, in this research we aim 
to determine the reference intervals of C2-C7 LSPD 
in an adult Chinese population and provide deci-
sion-making information for clinicians and therapists.

MATERIALS AND METHODS
We collected 92 cases of patients who under-

went cervical computed tomography (CT) scanning 
between January 2018 to December 2019 from Nan-
fang Hospital of Southern Medical University. The 
inclusion criteria were age 18 to 60 asymptomatic 
subjects. The exclusion criteria included vertebral 
malrotation, cervical deformity, chronic neck pain, 

tumours, infections, trauma, and any other patho-
logical neck condition. This study had approval from 
the institutional review board and the requirement 
for informed patient consent was waived. This study 
also complies with current regulations in our country. 
Ethical approval for this study was obtained from the 
Chinese Ethics Committee of Registering Clinical Trials 
(Reference number: ChiECRCT20210191).

A US GE 16-slice spiral CT was used to perform CT 
scans. Mimics Research 19.0 was used for the recon-
struction of all C2-C7 cervical vertebra. The 3-Matic 
Research 11.0 was used for anatomical measure-
ment, performed by two independent observers. Ac-
cording to standard anthropometric measurements, 
measurements were taken using bony landmarks 
for reproducibility, as shown in Figure 1. The angle 
of LSPD was defined as the angle between line bc 
and line ad (angle A). Both examiners were blinded 
to the radiological data and patient data. The SP 
was defined as left deviation (LSPD < 90 degrees), 
right deviation (LSPD > 90 degrees), or no deviation  
(LSPD = 90 degrees).

Statistical analysis

The SPSS statistical software package 20.0 (IBM, 
New York) was used for statistical analysis. Data were 
expressed as mean ± standard deviation (SD), using 
the mean value from the two examiners. The inter-and 
intra-observer reliability for LSPD measurement was 
evaluated using intraclass correlation coefficient (ICC) 
and reliability was classified as inferior (0–0.39), mod-
erate (0.4–0.74), or excellent (0.75–1) according to 
ICC value. The reference intervals were established 
using the mean ± 2×SD. A single sample t-test was 
used to test whether LSPD differed from 90 degrees. 
The chi-square test was used to analyse the differenc-

Figure 1. Measurement of lateral spinous process deviation (LSPD) in non-bifid spinous processes (SP) (left) and bifid SP (right). Anatomical 
landmarks: a — the most posterior tip of SP; b and c — the tip of the posterior tubercles of the transverse processes; d — the midpoint of 
line bc; e and f — the posterior tip of bifid SP branches; g — the midpoint of line ef. Angle A is the angle of LSPD.
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es in deviating directions among C2-C7 levels. One- 
-way repeated measure analysis of variance (ANOVA) 
was used to compare LSPD in different cervical levels  
(C2-C7), and post hoc used the Bonferroni test. The sex 
difference was analysed using independent-sample 
t-tests. The correlation of LSPD angles with age was 
analysed using the Pearson correlation coefficient.  
P < 0.05 was considered statistically significant.

RESULTS
The study subjects consisted of 92 CT scans of 

Chinese adults, including 42 (45.65%) women and 
50 (54.35%) men, with a mean age of 40.99 ± 9.49 
(range 19–59) years old. ICCs were used to evaluate 
the intra- and inter-observer reliability of LSPD angles. 
The results of ICCs were expressed as 95% confidence 
intervals (CI) in Table 1. The intra- and inter-observer 
ICCs were excellent in LSPD angles at each cervical 
level (ICC > 0.93, p < 0.01).

The frequencies of different ranges of LSPD at all 
cervical levels are presented in Table 2. In this study, 
only 2 cases showed precisely 90 degrees in the LSPD 
angle measured by 1 investigator, while the majority 
deviated to a different extent. All experimental results 
in this study are expressed as mean values of 2 inde-
pendent investigators. According to our results, the 
range of LSPD angle in C2-C7 was approximately 85 to 
95 degrees, and 95% CI was (89.74, 90.13) degrees. 
Thus, we evaluated the frequency of various ranges of 
LSPD angles from a larger range (85~95 degrees) to  
a smaller range (89~91 degrees). As shown in Table 2,  
93.12% of vertebrae presented LSPD of (85~95) 
degrees, while 32.97% presented LSPD of (89~91) 
degrees. This indicated that most SPs showed a devi-
ation of more than one degree. But, a single sample 
t-test showed no significant difference between the 
mean LSPD and 90 degrees (t = 0.249, p = 0.804), 
indicating that all SPs did not deviate significantly 
in statistics. 

According to Table 3, the upper levels (C2-C4) dis-
played a mean LSPD angle of fewer than 90 degrees, 
whereas the lower levels (C5-C7) showed greater 
than 90 degrees. This result indicated that the LSPD 
presumably changed from left deviation to right de-
viation from C2 to C7 levels. In addition, the chi- 
-square test showed that the LSPD direction among 
C2-C7 levels were different. As shown in Table 4, the 
pairwise comparison showed statistically significant 
differences in LSPD between C2 and C5, C2 and C7 
(p < 0.05), while no statistical difference was found 
between other levels (Fig. 2). One-way repeated meas-
ures ANOVA showed significant differences between 
C2 and C5 (p < 0.001), C2 and C7 (p < 0.001), C4 and 
C5 (p < 0.05), and C4 and C7 (p < 0.05). No statistical 
differences were detected among other levels in post 

Table 1. Inter- and intra-observer reliability for spinal process deviation angles (ICCs [95% confidence interval])

Levels Inter-observer P Intra-observer P

C2 0.934 (0.868–0.963) < 0.01 0.983 (0.966–0.991) < 0.01

C3 0.953 (0.929–0.969) < 0.01 0.988 (0.982–0.992) < 0.01

C4 0.960 (0.939–0.974) < 0.01 0.990 (0.984–0.993) < 0.01

C5 0.957 (0.935–0.972) < 0.01 0.989 (0.984–0.993) < 0.01

C6 0.969 (0.953–0.979) < 0.01 0.992 (0.988–0.995) < 0.01

C7 0.966 (0.948–0.977) < 0.01 0.991 (0.987–0.994) < 0.01

Inter- and intra-observer reliability in all cervical levels were excellent (intraclass correlation coefficient [ICC] > 0.93, p < 0.01)

Table 2. The frequency of various lateral spinous process  
deviation (LSPD) ranges

The range of LSPD (degrees) Frequency (%)

89~91 182 (32.97%)

88~92 361 (65.40%)

87~93 424 (76.81%)

86~94 483 (87.5%)

85~95 514 (93.12%)

Table 3. Statistics of lateral spinous process deviation angles 
in C2-C7 

Levels Mean ± SD Lower, upper limits 95% CI

C2 89.02 ± 1.97 85.16, 92.88 88.63–89.41

C3 89.75 ± 2.47 84.91, 94.59 89.25–90.24

C4 89.54 ± 2.43 84.78, 94.30 89.03–89.97

C5 90.51 ± 2.10 86.39, 94.63 90.09–90.93

C6 90.19 ± 2.49 85.31, 95.07 89.70–90.69

C7 90.56 ± 2.86 84.95, 96.17 89.97–91.12

Total 89.93 ± 2.46 85.11, 94.75 89.74–90.13

CI — confidence interval; SD — standard deviation



895

L.-Q. Liao et al., Reference intervals of C2-C7 lateral spinous process deviation in Chinese adults

hoc tests. Therefore, the above results indicated that 
the C2 and C5, C2 and C7 have the opposite direction 
of LSPD (Fig. 3). Due to the opposite direction of LSPD, 
the overall deviation between C2 and C7 SP could be 
up to 1.54 degrees. Regarding sex difference, men 
tend to have greater LSPD angle than women at the 
C4 level in this study (T = –2.013, p = 0.047), while 
no statistically significant difference was found in 
other levels (Table 5). Additionally, a statistically weak 
correlation was found (r = 0.24, p = 0.029) between 
age and LSPD angles at the C2 level. When correlated 
with the other levels, age exhibited small correlations 
with LSPD (p > 0.05).

DISCUSSION
In this study, we introduced a method of LSPD 

quantification and analysed the C2-C7 LSPD in the 
Chinese adult population. In previous studies, there 
were different methods for LSPD measurements. Gradl 
et al. [5] defined LSPD as SPs that are not aligned with 
the midline of cervical anterior-posterior radiographs. 
Macpherson et al. [13] suggested that the LSPD is 
relative to the axis of the vertebral body and posterior 
arch. Tang et al. [16] defined the LSPD as the angle 
between the midsagittal line of the vertebral body 
and the longitudinal line of SP, using landmarks such 
as the centre of the vertebral body, the centre of 
spinolaminar junction, and the SP. Ji-Hong et al. [10]  
described LSPD as the midsagittal line through SP 
that was not coinciding with the bisector of the ver-
tebral foramen in the horizontal plane. Liao et al. [12] 
performed an LSPD measurement using the angle 
between the line connecting two transverse processes 
tips and the midsagittal line through SP [12]. Zhang 
et al. [18] measured the LSPD with the angle between 
the long axis of SP and the median line of the vertebra 
in the superior aspect. The 6 methods mentioned 
above were common existing methods of LSPD meas-
urement. We believe that quantification methods of 
LSPD should ensure the reliability and repeatability 
of measurement. Therefore, we chose the tips of 
transverse processes and spinous processes as refer-
ence landmarks for easy identification. In addition, 
previous methods often failed to address the issue 
of LSPD measurement in bifid SPs. We defined the 
midpoint of two tips of bifid branches as the end of 
the SP axis (g point), and the LSPD angle was defined 
as the angle between line bc and line dg. Repeated 
measurements with this method showed excellent 
reliability for two observers with ICCs. We hope this 

Figure 2. Statistical differences of C2-C7 lateral spinous process 
deviation angle; **p < 0.001, *p < 0.05.

Figure 3. The posterior view of cervical vertebrae with spinal pro-
cess deviation (SPD). The green line connects the tip of spinous 
processes, the SPD transformed from right deviation to left devia-
tion in C7 to C2.
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Table 4. The frequency of lateral spinous process deviation 
directions among C2-C7 levels

Cervical  
levels C2-C7

Direction of spinous process deviation Total

Right Left

C2 28 64 92

C3 44 48 92

C4 44 48 92

C5 54 38 92

C6 47 45 92

C7 61 31 92

Total 278 274 552

A chi-square test (χ2 = 26.487, p = 0.000) indicated that the deviations of spinous pro-
cesses (SPs) were different among C2-C7 levels. Pairwise comparison was statistically 
significant (p < 0.05) between the deviations of C2 SP and C5 SP, C2 SP and C7 SP.
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method may provide a reference for diagnosis and 
research in the future.

Spinous processes are often described in many 
works as aligned on the posterior midline but lack 
quantification of the midline alignment [14, 15]. Since 
LSPD is a common variation, the reference interval 
should be determined to realise the range of normal 
SP alignment. Although only 2 cases were found to 
be exact 90 degrees in the LSPD angle, our results 
showed no statistically significant difference between 
the overall LSPD angle and 90 degrees, indicating that 
all subjects in this study were considered to have SPs 
aligned in the posterior midline. Our results showed 
that the overall reference interval of LSPD was approx-
imately within ± 5 degrees, which is 85~95 degrees. 
This reference interval covers 93.12% of our samples, 
approximately 95% of the subjects. This observation 
may support the hypothesis that 85~95 degrees were 
the appropriate reference interval of LSPD angle as 
normal variation in the asymptomatic population.

As we all know, there has been literature arguing 
about the reliability of LSPD measurement in static 
imaging as an indicator of vertebral rotation [4, 13]. 
According to Gradl et al. [5], in a radiograph, the SP 
tip deviates 1 mm from the posterior midline indicat-
ing a vertebral rotation of 1.62 degrees. However, ac-
cording to our results, the reference intervals of LSPD 
have a difference of 5 degrees on each side, which 
is about 3 mm deviation on the radiograph. Thus, 
we recommend that researchers take into account 
the reference intervals of LSPD when studying the 
vertebral rotation in the static radiograph. The LSPD 
may also had an influence on the reliability of static 
palpation of SP in vertebral alignment assessment. 
Nevertheless, some researchers have already doubted 
the reliability of static palpation in manual therapy  
[8, 17]. As a matter of fact, a small deviation of SP was 
commonly seen in asymptomatic subjects. To study 
the relationship between pathological SP deviation 
and clinical symptoms, researchers should exclude 
subjects within the reference interval of 85–95 de-
grees LSPD to truly analyse the connection between SP 
deviation and clinical symptoms. We also noticed that 

our results of LSPD angle were slightly different from 
other studies, possibly due to the differences between 
measuring methods [5, 10, 12, 18]. Nevertheless, our 
results are consistent with the conclusion of other 
studies that LSPD is common in the asymptomatic 
population [10, 12, 14, 15].

Another important finding of normal cervical spi-
nal alignment often neglected by researchers is the 
different directions of LSPD between the upper and 
lower cervical vertebra. The C2 and C7 SPs are two 
prominent bony landmarks in the cervical vertebra 
that are palpable through the surface [14, 15]. In 
our study, we found that C2 LSPD usually deviated 
in the opposite direction of C7 LSPD in a small mag-
nitude. Based on this finding, the maximum angle 
between the deviation of C2 and C7 SPs could be up 
to 1.54 degrees. Nevertheless, such a small range of 
differences may not be identified through palpation, 
as muscles and soft tissues cover SP in the posterior 
neck region. Previous studies have already noted that 
the upper and lower cervical SPs commonly have 
an opposite direction of deviation [6]. Our findings 
echoed Greiner’s research [6], that the SPs tend to 
deviate to the left in the C2-C4 cervical levels, whereas 
tend to deviate to the right side in the C5-C7 levels. 
Unfortunately, Greiner [6] only investigated the SPs of 
C3-C7. One possible explanation for such findings is 
that at some point in early age, muscle contractions 
may have had an influence on the development of SP. 
Most studied subjects were right-handed, resulting in 
the special directions of LPSD in the upper and lower 
cervical levels [6]. In addition, we found that age and 
sex have little impact on LSPD. The male consistently 
had greater LSPD angles in the C4 levels when com-
pared to the female. There was a statistically weak 
correlation (r = 0.24, p = 0.029) between age and 
LSPD angles at the C2 level. No statistical difference 
in sex and age was found at other levels.

Limitations of the study

There are some limitations that need to be ac-
knowledged. The study population is not strictly  
a normal population. The reasons for ordering the CT  

Table 5. C2-C7 lateral spinous process deviation angles (degrees) of sex groups

Groups C2 C3 C4 C5 C6 C7

Females 88.77 ± 2.01 90.07 ± 2.39 88.90 ± 2.42* 90.27 ± 2.33 90.26 ± 2.30 90.78 ± 2.52

Males 89.23 ± 1.94 89.48 ± 2.52 90.09 ± 2.32* 90.71 ± 1.88 90.13 ± 2.66 90.36 ± 3.14

*P < 0.05 for independent sample t-tests comparisons between the male and the female in the C4 level. 
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scans might have some unknown effects on the align-
ment of cervical vertebrae. Most importantly, there 
is no known relationship between small LSPD and 
current or future clinical conditions of the cervical 
spine that may warrant treatment for small LSPD. 
No palpation of the cervical spine was conducted, so 
the relationship between CT findings and palpation 
findings is unknown. It is not known to what extent 
a clinician can feel such small deviations of the SP.

CONCLUSIONS
Clinical practitioners should be aware of normal 

reference intervals for LSPD. LSPD have a weak as-
sociation with age and small gender differences in 
the cervical spine. LSPD of small magnitude may be  
a normal variant without clinical implications. Further 
work is required to determine if LSPD has concurrent 
or predictive validity for identifying the need and site 
of spinal manipulation.
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Background: The posterior part of the tympanic cavity comprises a depression 
called the sinus tympani (ST). The said structure is of outmost importance, e.g. in 
surgical procedures involving the middle ear, as a pathology (microbial biofilm or 
cholesteatoma) present in this difficult to access location might hinder its effective 
treatment. The aim of the study was to evaluate anatomical variants of the ST in 
human adult petrous bones. For this purpose, three-dimensional (3D) models of 
the ST were recreated from micro-computed tomography (CT) scans of 44 dry 
petrous bone samples (19 female, 25 male), applying 3D Slicer, Meshmixer and 
MeshLab software.
Materials and methods: Anatomical variants of the ST were classified in terms of 
both shape and surface configuration. The internal configuration of the ST was 
classified as heterogeneous — containing small bony trabeculae and crests up 
to 1.0 mm in size, contrasting to homogeneous ST that characterizes a relatively 
smooth interior, or mere presence of minor depressions and mild folds. Female STs 
were more bowl-shaped (57.9%) than saccular (42.1%), and had heterogeneous 
surface configuration (52.6%) compared to homogeneous (47.4%). On the con-
trary, male STs were more saccular (52.0%) rather than bowl-shaped (48.0%), and 
predominantly had a heterogeneous surface (84.0%) over homogeneous (16.0%).
Results and Conclusions: A complex combination of ST features comprised of 
a saccular shape and heterogeneous surface occurred in 52.0% of males and in 
15.8% of females (a statistically significant difference; p = 0.0254, Fisher’s exact 
test) seems to be clinically important because of its potential negative implication on 
health outcomes after surgery in the case of, for example, cholesteatoma, and it may 
also favour chronic pathological processes. (Folia Morphol 2023; 82, 4: 898–908)

Key words: sinus tympani, retrotympanum, middle ear, micro-computed 
tomography

INTRODUCTION
The sinus tympani (ST) is a depression localized 

in the retrotympanum (the posterior area of the 
tympanic cavity) and forms its medial portion. The 
mean depth of the ST in adults was estimated to be  

2.6–2.7 mm, but there are also reports stating that it 
can reach even up to 10 mm [8, 16, 41]. The ST lies 
below and posteriorly to the promontory, posteriorly 
to the round window, extends medially to the py-
ramidal eminence, stapedial muscle, and facial canal 
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(its mastoid segment) and laterally to the posterior 
semicircular canal [19]. The superior boundary of the 
ST forms the ponticulus, whereas the subiculum is 
the inferior boundary. The subiculum is the posterior 
extension of the promontory that separates the ST 
from the round window [34].  

Many studies have emphasized the clinical impor-
tance of the ST because of pathological processes 
which may occur inside, and highlight difficulties 
in surgical approaches and endoscopic explorations 
of this region of the middle ear [5, 7]. One of such 
pathologies is cholesteatoma that is an abnormal 
accumulation of keratinized squamous epithelium 
inside the ear. It has a destructive effect on the audi-
tory structures causing their inflammation that might 
eventually lead to erosion of the bone. Therefore,  
a timely treatment is required, involving surgical re-
moval of the cholesteatoma [48].

Epidemiological data revealed that cholesteato-
mas occur more often in Caucasian than African or 
Asian populations. The cholesteatoma affects all age 
groups. The annual incidence of cholesteatoma is 
estimated to be about 3 per 100,000 in children and 
about 9 to 12 per 100,000 in adults, with a male 
predominance (1.4:1) [39]. However, its occurrence 
has changed over time, and varies across countries 
showing different annual trends [27, 47]. Moreover, 
this disease can manifest unilaterally or bilaterally. 
The bilateral occurrence of cholesteatomas has been 
found in 10–20% of cases, male children and ado-
lescents are affected more often than females [47]. 

Although cholesteatoma has been recognised for 
more than three centuries [20], the nature of this dis-
order has yet not been fully determined, particularly 
the factors regulating its progression [28]. Some stud-
ies revealed that sex predilection for cholesteatoma 
might be dependent on the expression of female sex 
hormone receptors in the middle ear that act as an 
auditory protectant [43]. It has also been noted that 
various expression of genes may control pathogenesis 
of cholesteatomas [3, 29, 40].

Pathophysiological and epidemiological data en-
courage undertaking various studies aimed at identi-
fying factors that favour implantation of cholesteato-
ma, and those that restrict its complete removal from 
the middle ear. It is particularly true for its excision 
from the ST which is regarded as the so-called “hidden 
structure in the ear,” and endoscopic and surgical 
access to its interior can be troublesome. Therefore, 
detailed three-dimensional (3D) presentation of the 

ST topography and anatomy may enhance perspec-
tives in treating cholesteatoma, which often invades 
this part of the middle ear.

In the recent years, high-resolution computed 
tomography (CT) and endoscopic examinations have 
been used to show the internal anatomy of the ear 
[14, 15]. These imaging techniques allow to perceive 
morphological changes related to the ear pathologies 
or structural malformations important from the clini-
cal point of view. Notwithstanding, some anatomical 
details can be omitted in visual assessment or hardly 
recognised due to limited spatial imaging attained 
in clinical tomography or due to limited field of view 
during an endoscopic inspection.

In pre-clinical studies such technical limitations 
of viewing anatomical structures in detail can hinder 
appropriate evaluation of the morphological variants, 
especially if their dimensions are in range of a milli-
metre or even less. Formerly, only manual sectioning 
of the ear could reveal the entire spectrum of its 
morphological details and varieties [25]. Nowadays, 
this tedious and time consuming procedure has been 
substituted by the micro-computed tomography  
(micro-CT) which delivers images with microscopic 
precision. Hence, series of the micro-CT scans allows 
to perform 3D reconstructions of the studied samples 
and to section them virtually in order to display their 
internal morphology [18, 44]. 

Therefore, in the present study the authors ap-
plied micro-CT imaging of the ST, so as to display 
its anatomy in the 3D mode. The said approach 
facilitated multidirectional viewing and compari-
son of its morphological features, allowing for their 
subsequent assessment and classification of possible 
variations.

MATERIALS AND METHODS
Three-dimensional imaging of the ST was per-

formed on 44 adult temporal bones (25 male and 
19 female of Caucasian origin) whose age at death 
ranged from 30 to 70 years. The examined bones 
have been dated back to the XVIIth century. In order 
to obtain the temporal bones, we used fragmented 
human skulls found during archaeological excavations 
conducted in the Southern Poland that were deposit-
ed in the Department of Anatomy of the Jagiellonian 
University Medical College. Henceforth, no skulls were 
neither deliberately damaged nor destroyed in order 
to conduct the present study. The specimens were 
well preserved and did not show any pathological 
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changes, nor deformations that would exclude them 
from the present study.

The petrous part was cut off from each temporal 
bone and scanned with micro-CT using a Nanotom 
180N equipped with 180 kV/15 W ultra-high perfor-
mance nanofocus X-ray tube, with set parameters:  
I = 250 μA and V = 70 kV (GE Sensing & Inspection Tech-
nologies Phoenix X-ray Gmbh). The tomograms were  
registered on a Hamamatsu 2300 × 2300 pixel detector. 

The reconstructions of the scanned specimens 
were created with the aid of the GE software datosX 
ver. 2.1.0 using the Feldkamp algorithm [22]. The 
obtained micro-CT scans had dimensions of 1796 ×  
× 2284 × 1100 pixels, whereas the image pixel size 
was 18.6 μm. The post-reconstruction data process-
ing included: denoising, cropping and 16 to 8 bit 
conversion, performed by the means of the VGStudio 
Max 2.1 software (https://www.volumegraphics.com). 

In order to obtain stand alone 3D models of the 
ST, serial micro-CT scans of the petrous bone images 
representing the retrotympanum were segmented 
with the help of the thresholding algorithm. This 
procedure was performed with the aid of the 3D Slicer 
software (https://www.slicer.org) which is a free, open 
source package dedicated for medical and biomedical 
applications [21].

In the next step, the Autodesk Meshmixer free 
software (https://www.meshmixer.com) was used for 
virtual extraction of the ST from the retrotympanum 
and other anatomical structures included in the initial 
3D model of the petrous bone. Such pre-prepared 
3D models of the retrotympanum with the ST were 
displayed on the computer screen and processed inter-
changeably by the means of Meshlab and Meshmixer 
software to obtain isolated 3D models of the ST. Using 
clipping planes and tools dedicated for virtual cutting 
of the 3D models, the authors removed these parts of 
the model which occluded the ST. The MeshLab soft-
ware (https://www.meshlab.net) was indispensable for 
accomplishing the 3D model of the ST represented by 
the mesh of triangles, stored in the STL file format [17].

With the aid of the MeshLab software, the au-
thors decimated and smoothed the original mesh of 
triangles representing the retrotympanum which was 
further used for creating the final 3D model of the 
ST. Mesh decimation reduces the number of vertices, 
edges, and triangles in a mesh, thus the file including 
3D model attains smaller size and can be processed 
quicker by the computer software [6]. Decimation was 
necessary because the original meshes approximating 

geometrical configuration of the entire retrotympa-
num consisted of a huge number of triangles (in the 
order of 10 million) which tremendously effected the 
size of the STL files. In our material, the size of the 
original STL files ranged approximately from 300 Mb 
to 500 Mb, whereas decimated meshes by half yielded 
twice smaller files but still preserved the mesh’s topol-
ogy. To simplify the initial mesh of the triangles we 
applied quadratic edge collapse decimation strategy 
implemented in the MeshLab software [24]. Thus, the 
target meshes representing standalone 3D models of 
the ST usually comprised 20,000–100,000 triangles, 
depending on the volume of the ST. 

The mesh smoothing reduced noise in the model 
surface and resulted in a more user friendly visual 
perception. For this purpose, the authors applied 
the Laplacian smoothing algorithm which creates  
a new mesh according to local information on the po-
sition of the vertexes in the mesh [32]. However, this 
operation was taken with the outmost precaution, 
because the smoothing algorithm may inadvertently 
alter the surface properties of the object and shrink 
the mesh. To prevent the unwanted changes of the 
mesh geometry, the authors experimentally adjusted 
the smoothing force at each iteration applied for 
mesh processing and compared the changes with 
reference to the original mesh topology. This was  
a crucial step in the present study in order to obtain 
reliable results of visual observations of the ST’s in-
terior. Overly smoothened model may erroneously 
reflect geometrical and morphological properties of 
the anatomical structures due to extreme elimination 
of tiny elements like spikes, folds or depressions which 
naturally exist on the ST’s surface. 

The process of creating 3D models used for eval-
uation ST’s morphology has been visualized in the 
flowchart (Fig. 1). 

By rotating the 3D models and viewing the ST at 
different angles on the computer screen, the authors 
evaluated resemblance of their shapes to geometrical 
figures. In truth, the shapes reflected by the 3D models 
should be considered to be virtual endocasts of the STs.

Surface configuration of the ST’s interior was eval-
uated visually with reference to the material texture 
(smooth — homogeneous, rough — heterogeneous). 
Outstanding features characteristic for the ST config-
uration were measured on the 3D models by means 
of the ruler tool available in the MeshLab software.

The occurrence of each anatomical variant of the 
ST was estimated as the percentage of the defined 
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types in the whole data set, determined separately 
for the female and male temporal bones. Statistical 
analysis was completed using a Fisher’s exact test 
processed with the Statistica package ver. 13 (https://
www.statsoft.pl). The level of statistical significance 
for the results was set at p < 0.05. 

Ethical consideration

The study was conducted with approval 
(KBET/198/B/2014) of the Bioethics Committee of 
the Jagiellonian University.

RESULTS
For better orientation in the ST topography, the 

authors present a representative 3D model showing the 
location of the ST in relation to the surrounding osseous 
structures of both the middle and inner ear (Fig. 2). 

Regarding the shape of the ST, the authors dis-
tinguished two basic morphological forms that were 
regarded as saccular or bowl. The saccular shaped ST 
characterizes postero-inferior elongation. This means 
that one of its diameters is considerably bigger than 
the other two. In turn, the bowl shaped ST resembles 
an irregular ovoid, in which three dimensions are 
similar (Fig. 3). The authors also found that the bowl 
shaped STs were usually wide and relatively shallow 
compared to the saccular types of the STs which were 
sitted deeply in the retrotympanum. The saccular STs 

Figure 1. The flowchart of the three-dimensional (3D) model gener-
ation from micro-computed tomography (CT) scans.

Figure 2. A. A three-dimensional model of the retrotympanum showing the location of the sinus tympani (ST) seen in the medial projection; 
CC — carotid canal; CT — canal of tensor tympani muscle; PR — promontory; OW — oval window; PE — pyramidal eminence; B. The same 
model rotated clockwise along the Y-axis; wall of the ST bulges posteriorly in the close proximity to the facial canal (FC) and semicircular ca-
nals: horizontal (H), posterior (P), superior (S). Orientation of the XYZ coordinate system follows as: the X-axis runs between the lower edge of 
the OW and the superior edge of the opening to the ST, the Y-axis corresponds to the descending portion of the FC, the Z-axis passes through 
the promontory (red point), perpendicularly to the X-Y axis. 

Micro-CT scanning 
of the petrous bone

N
an

ot
om

18
0N

V
G

 S
tu

di
o 

M
ax

 
so

ft
w

ar
e

3D
 S

lic
er

 s
of

tw
ar

e
M

es
hL

ab
 a

nd
 M

es
hm

ix
er

 s
of

tw
ar

e

Raw image data processing
(denoising and conversion)

Output serial micro-CT scans
(stacking and saving in a le)

Loading a stack le 
to the 3D Slicer software

Segmentation
(thresholding algorithm)

Generating 3D mesh model

Mesh processing
(decimation and smoothing)

3D model processing
(clipping and cutting)

Extracting 3D model of the sinus tympani

A B

https://www.statsoft.pl
https://www.statsoft.pl


902

Folia Morphol., 2023, Vol. 82, No. 4

were usually cylindrical in shape, except for a singular 
case in which a form, reseambling triangular pyramids 
(tetrahedra) of variable size, was noted (Fig. 4).

Regardless of the shapes of the STs, their interior 
structure revealed variable configuration which was 
defined as homogeneous or heterogeneous, depend-
ing on the presence or absence of tiny bony struc-
tures located in their walls (Fig. 5). The irregular bony 
structures found in the heterogeneous STs looked like: 
trabeculae, crests or laminae with diameters of around 
1.0 mm. It should be noted that some of the heter-
ogeneous STs were characterised by the presence of 
recesses or diverticula emerging from their walls. Such 
structural modifications were chiefly found in the sac-
cular type of the STs. However, their existence was not 
included in the STs classification because their size and 
configuration did not affect the overall shape of the ST.

In turn, homogeneous configuration was attrib-
uted to these STs in which their interior was relatively 
smooth. Their walls were characterized by the lack of 
bony protrusions. Nonetheless, in some of them mild 
folds and depressions or pits were observed. 

The present study demonstrated that both the 
saccular and bowl-shaped STs had a similar preva-
lence (47.7% and 52.3%, respectively) in the com-
bined sex analysis. Furthermore, the authors did not 
find significant differences between the occurrence 
of these shapes in the male and female subgroups 
(Fisher’s exact test, p = 0.557). As for the internal 
characteristics of the ST, the heterogeneous surface 

was typical for the entire sample (70.5%), whereas 
homogeneous surface was less common with respect 
to all the samples (29.5%); however, almost half of the 
female subgroup (47.4%) was characterized with the 
latter type of the ST. Although male STs were largely 
heterogeneous (84.0%), their prevalence just about 
predominated in females (52.6%). The differences in 
prevalence of the homogeneous and heterogeneous 
surfaces of the STs in male and female subgroups 
were statistically significant (Fisher’s exact test,  
p = 0.044). The percentage of all observed morpholog-
ical variants of the ST in male and female subgroups are  
graphed in Figure 6 and presented in Table 1.

Finally, the authors estimated the number of cases 
in which the ST revealed a combination of the fol-
lowing morphological features: saccular shape and 
heterogeneous surface. Such a complex anatomy 
may hinder surgical operations and lead to patho-
logical processes by facilitating the harbouring of 
pathogens. Among all the examined sinuses, 36.4% 
involved this specific anatomy (Table 2). However, 
the said combination occurred in 13 out of 25 male 
samples (52.0%), whereas only 3 out of 19 (15.8%) 
female samples had this composition, a statistically 
significant difference (Fisher’s exact test, p = 0.025).  

DISCUSSION
So far, morphological variation of the ST has been 

evaluated utilising either CT or endoscopic images, or 
dissected temporal bones. Therefore, its evaluation 

Figure 3. Three-dimensional models of the sinus tympani being of distinct shape: the saccular (A) and the bowl (B); the arrows indicate the 
entry to the interior of the sinus tympani.

A B
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Figure 5. Three-dimensional models showing different internal characteristics of the sinus tympani (ST), approximated by the mesh of  
triangles; A. Homogeneous configuration of the ST. The inner surface is relativly smooth. It is possible to notice tiny pits and small pockets; 
B. Heterogeneous configuration of the ST. The inner surface is rough and irregular; bony spikes, protuberances and creases protrude from the 
wall of the ST into its lumen, therefore resemble small hillocks and valleys.

A B

Figure 4. A. The three-dimensional (3D) model of the specific saccular type of sinus tympani (ST) resembling a tetrahedron in shape, seen in 
both lateral and posterior projection; B. A 3D model displaying topography of the ST in reference to the semicircular canals: posterior (P) — 
horizontal (H), superior (S) and the facial canal (FC); the cochlear turn (CT) and the internal acoustic meatus (IAM) were also identified. 

A

B
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Figure 6. Percentage values of the morphological variants of the sinus tympani, classified according to shape (A) and surface (B) configura-
tion in male and female temporal bones, respectively. 
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Table 1. Percentage of the morphological variants of the sinus tympani

Sex Shape Surface configuration

Saccular Bowl Homogeneous Heterogeneous

N % N % N % N %

Male (n = 25) 13 52.0 12 48.0 4 16.0 21 84.0

Female (n = 19) 8 42.1 11 57.9 9 47.4 10 52.6

Male + female (n = 44) 21 47.7 23 52.3 13 29.5 31 70.5

Table 2. Percentage of the combined variants (shape and surface configuration) of the sinus tympani

Sex Saccular and homogeneous Saccular and heterogeneous Bowl and homogeneous Bowl and heterogeneous

N % N % N % N %

Male (n = 25) 0 0 13 52.0 4 16.0 8 32.0

Female (n = 19)) 5 26.3 3 15.8 4 21.1 7 36.8

Male + female  
(n = 44)

5 11.4 16 36.4 8 18.2 15 34.1

was actually limited to the description of only the 
shape of the ST’s orifice visible on the dry specimens, 
or the ST was assessed in the cross-sectional CT scans, 
or its interior was viewed by the means of endoscope 
[8, 10, 11, 15, 30, 35, 41].

Each of these techniques have some technical 
limitations which may hinder detailed evaluation of 
the STs’ shapes, especially in the 3D way, as neither are 
capable of simultaneous display of the topographical 
relationships. Actually, this can be attained in volume 
renderings obtained from CT scans. Nevertheless clin-
ical CT data are not accurate enough to create 3D 
reconstructions which could reveal ST anatomy and 
topography in great details. Therefore, the authors 
applied micro-CT for exploration of the ST anatomy 
because this modality offers extremely high spatial 
resolution for imaging objects which dimensions 
range on a millimetre scale.  

The present study revealed that both the shape 
of the ST and its interior surface configuration vary 
considerably amongst human adults. The factors af-
fecting the shape and volume of the ST still remain 
unclear; however, degree of the temporal bone pneu-
matisation is regarded as one of the physiological 
reasons that can affect the retrotympanum, as well 
as the ST itself [10, 26].

Bekci et al. [10] noticed that the volume of the 
ST has been greater in patients with pneumatised 
petrous apex. In turn, Baklaci et al. [9] found that  
a well-pneumatised mastoid process is associated 
with a deep ST. The effect of pneumatisation on 
the ST’s shape and size has also been noticed by 
Abou-Bieh and Haberkamp [1]. The aforementioned 
authors recognised a few types of the ST from CT 
scans of adult temporal bones, classified as: shallow 
(15.8%), deep (33.8%), and intermediate (50.5%). 
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Detailed descriptions of small cavities within the ret-
rotympanum, including: the sinus subtympanicus, 
lateral tympanic sinus, and posterior tympanic sinus 
were presented by Cheiţă et al. [16] and Marchioni 
et al. [33]; however, their studies did not include  
a description of the ST interior.

Up-to-date internal morphological features of the 
ST have only been briefly mentioned by Nitek et al. 
[37]. The said authors noticed presence of bony tra-
beculae within 3 of 30 examined samples, but they 
did not analyse their size and sex in which these 
structures occurred. Bonali et al. [13] reported on 
the rare existence (6%) of bony crests as part of  
a description of anatomical variants of the ST.

In principle, there is scanty information in the 
anatomical literature describing the internal mor-
phology of the ST; therefore, this issue was raised in 
the present study. Our classification of the ST differs 
from those presented in literature, because it com-
bines shape of the ST with its internal configuration. 
It is based on the anatomical features which seem 
to be clinically very important, hence explored in 
3D space thanks to the virtual models which can be 
viewed from any direction. A huge number of trian-
gles comprised in the mesh that approximated surface 
geometry of the ST and other structural components 
of the temporal bone provided accurate exhibit of 
their anatomical features. 

Previous reports yield information about morpho-
logical features of the ST obtained usually from CT 
images or direct visual observations of the ST using 
endoscopes or operative microscopes. Thus, Cheiţă 
et al. [16] performed endoscopic examinations and 
classified the ST as oval, rectangular, round, trape-
zoidal or rhomboidal. Nitek et al. [37] recognised the 
ST as either vertically oval, horizontally oval, round 
or polygonal. Wang et al. [49] used a CT analysis of 
the ST in patients with congenital aural atresia, and 
distinguished three types of the ST shape: cup, pear 
and boot-shaped. The boot-shaped ST was an unusual 
variant characterized by a large cavity, and appeared 
only in patients affected by congenital aural atresia. 
As part of an endoscopic study of the retrotympa-
num, Nogueira et al. [38] identified the ST to have 
the following shapes: classical, confluent, partitioned 
or restricted.

Our classification of the ST was simplified to two 
basic morphological types defined as: saccular or 
bowl. We assume that both saccular and bowl form of 
the ST results from individual developmental pattern 

of the retrotympanum, which might be slightly differ-
entiated in females and males regarding the overall 
size of the temporal bone. The proposed division of 
the STs into two basic forms: saccular or bowl corre-
sponds with the data presented by Niemczyk et al. 
[36] who recognized two main developmental forms 
of the ST — deep and shallow. In our classification, 
the saccular form of the ST has always been deep, due 
to its inferior elongation, whereas the bowl shaped ST 
were shallow and wide, in contrast to the saccular one. 

Bilińska et al. [12] compared the ST shape to  
a trough. This seems to be a very general approxima-
tion of the variety of shapes the STs present, especially 
if magnified in the 3D space. Nevertheless, from the 
practical point of view classifications of the ST should 
be based on the morphological features which can im-
pact surgical access to its interior (peculiar shape and 
size) or may promote progression of the pathological 
processes (configuration of the internal surface).

Therefore, explored here internal morphology of 
the ST by means of micro-CT expands knowledge 
about variation of bony structures that may exist 
inside the ST. Furthermore some of them may ren-
der clinical implications if they are extensively de-
veloped. Besides the bony trabeculae, the ST may 
contain spikes, crests, small depressions and recess-
es. The presence of the abovementioned structures 
was predominant in male STs (84.0%), significantly 
higher than their occurrence in females (52.6%), as 
confirmed by Fisher’s exact test (p = 0.044). Acces-
sory bony structures within the ST, such as second-
ary recesses emerging from its wall, complicate the 
anatomy of the ST — particularly in the case of the 
saccular shape. The possible implications of such 
a configuration include increased bacterial biofilm 
adherence to the irregular surface which may lead 
to middle ear inflammation [46]. 

It has been estimated that over 20 million people 
worldwide are afflicted with middle ear infection 
(otitis media), whereas approximately one-fourth of 
them have cholesteatoma [4].

According to Saunders et al. [45], bacterial bio-
films are common in suppurative otitis media and in-
fected cholesteatomas. The biofilm is most often pro-
duced by Staphylococcus aureus and Pseudomonas 
aeruginosa. Such biofilms have been found in 75–85% 
samples taken from patients with chronic middle ear 
infection associated with cholesteatoma [23, 45].  

The rough surface of the ST may also favour the 
formation of cholesteatoma (abnormal skin growth), 
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and may prove to be an obstacle in irrigating it from 
the small cavities and recesses. 

Effectively, complete removal may not be possi-
ble, due to the difficulties of reaching this region for 
endoscopic observation or surgery [7, 42, 48]. The 
literature suggests that the prevalence of cholesteato-
ma is 1.4 times greater in males than in females [31, 
39]. In addition, epidemiological studies performed 
by Aquino et al. [4] showed that the incidence of 
cholesteatoma in males is predominant (64.7%) over 
females (35.3%). Very similar results concerning the 
prevalence of cholesteatoma were reported by Ajal-
loueyan [2] (64.0% male vs. 36.0% female).

In an attempt to find possible correlations, the 
present study included an investigation on the oc-
currence of a complex ST anatomy comprised of  
a saccular shape and heterogeneous surface. This 
combination of morphological features may consti-
tute complications during surgical treatments, as they 
are the difficult to access. Furthermore, the irregu-
larities of the ST wall favour pathological processes 
ongoing inside the ST. It was demonstrated that such 
type of the ST is more common in males (52.0%) than  
in females (15.8%), being statistically significant  
(p = 0.025). This morphological feature of the ST may 
explain the reason for the higher prevalence of chole-
steatoma in males in juxtaposition to females. Thereby,  
a detailed anatomical demonstration of the ST may 
be beneficial for better understanding the interactions 
between ear structures and diseases, as well helpful 
for simulating the route for surgical access to the ST 
by presenting its potential anatomical variants and 
local variation of the inner surface configuration.

Limitations of the study

Nevertheless, we perceive some limitations of the 
performed study. Firstly, micro-CT imaging of the 
ST is only applicable for the specimens which have 
been removed from the human body; therefore, the 
proposed classification of the STs may be rather of 
cognitive meaning than serve directly in the clinical 
practice supported by the CT imaging of lower spatial 
resolution. Secondly, the assessed configuration of 
the ST interior reflects details of bony wall morphol-
ogy without the inclusion of the mucosae, which is 
routinely observed during endoscopic examination. 
Lastly, the sample size used in the current study is too 
small in number in order to conclude objectively that 
only such types of the ST as have been recognized 
may exist in the general population.

Thereby, it would be valuable to perform similar 
studies on cadaveric temporal bones which preserve 
structures composed of soft tissues, and are numer-
ous enough to be representative for each gender 
subset taken from the general population.

CONCLUSIONS
Micro-CT of the petrous bones yielded image data 

that allowed to build accurate 3D models of the ST 
and compare their shapes in 3D space.

Upon visual assessment, the STs typically revealed 
two distinct morphological forms classified as saccu-
lar and bowl, regarding their shapes. Hence, internal 
inspection of the ST allowed to recognise variable 
configuration of their walls, and define them as ho-
mogeneous or heterogeneous, depending on the 
presence or lack of tiny extensions or depressions 
localised on the walls of the ST.

A statistically significant difference was found 
between males and females for internal surface con-
figuration, but not for the shape of ST. A complex 
combination of ST features composed of a saccular 
shape and heterogeneous surface seems to be clinical-
ly important. This may rise negative impact on health 
outcomes after surgery in the case of cholesteatoma, 
and may favour chronic pathological processes.
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Background: The main objective of the present study was to analyse the morpho-
logical variations of the air spaces of the temporal bone, that is, the pneumatized 
and air-filled spaces of the temporal bone cavities. 
Materials and methods: A total of 99 sides were analysed. Temporal bone 
pneumatic spaces (TBPS) were defined as the free spaces inside the cavities of the 
temporal bone filled with air, excluding the volume of the structures present in 
the investigated region. Total volumes of TBPS were calculated as the sum of total 
volumes of mastoid air cells (MAC), tympanic cavity (TC), and external auditory 
canal (EAC). Analyses were performed considering the general population and 
the female and male subgroups. 
Results: The overall results obtained on Polish population were set as follows: the 
median total volume of TBPS was demonstrated at 7882.58 mm3 (lower quartile 
[LQ]: 6200.56 mm3; higher quartile [HQ]: 10393.16 mm3). The median volume 
of MAC was set at 5813.05 mm3 (LQ: 4224.94 mm3; HQ: 8181.81 mm3). The 
median of the total volume of the EAC was demonstrated at 1294.36 mm3 (LQ: 
1099.68 mm3; HQ: 1627.84 mm3). 
Conclusions: In the present study, the morphometric properties of the temporal 
bone cavities were analysed. The results showed that the total volume of the MAC 
was, on average, lower in women than in men. This should be taken into account 
when performing procedures on the mastoid, such as mastoidectomies. It is hoped 
that the results of this study can help reduce potential surgical complications 
associated with otological procedures. (Folia Morphol 2023; 82, 4: 909–920)

Key words: temporal bone, temporal bone trauma, laryngeal anatomy 
and physiology, external ear

INTRODUCTION
The temporal bone is a complex structure that 

contains a network of pneumatic spaces and typi-
cally consists of four parts: squamous, petromastoid, 
tympanic, and styloid processes [40]. Pneumatization 

refers to the development of air-filled cavities in the 
bone, where the epithelium infiltrates the developing 
bone, resulting in the formation of air cell cavities 
[18]. The air cells are typically lined by a single layer 
of epithelium divided from bone by subepithelial 
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connective tissue [33]. In 1969, Allam [2] was the 
first to; propose the classification of temporal bone 
pneumatization (TBP). He divided this system into:  
1) mastoid pneumatization, 2) petrous pneumatiza-
tion, and 3) accessory pneumatization (extending be-
yond the limits of the mastoid and petrous regions). 
Another classification of TBP was presented by Han et 
al. [17], which consisted of four groups according to 
the degree of pneumatization in relation to the sig-
moid sinus: group 1 (hypopneumatization), group 2  
(moderate pneumatization); group 3 (good pneu-
matization), and group 4 (hyperpneumatization). 
TBP begins prenatally, typically around 24 weeks of 
gestation [4, 33]. The process consists of three stages, 
which are the infantile, transitional, and adult stages. 
The development is usually completed at the age of 
10 years in women and 15 years in men [13, 19].

The aeration of the temporal bone has many func-
tions, such as reception of sound, preventing negative 
pressures, and avoiding changes in the middle ear 
mucosa, among others [23, 38, 44]. The extent to 
which pneumatization occurs in the temporal bone 
varies considerably, and numerous studies on TBP 
have been presented in the literature [10]. Gibelli et 
al. [16] conducted a study in which the degree of TBP 
was analysed. They emphasized that there are signif-
icant variations in the degree of pneumatization in 
some areas of the temporal bone, such as the petrous 
apex or the infralabyrinthine portion. In general, the 
squamous, petromastoid and tympanic parts are the 
most frequently pneumatized parts, but pneumatiza-
tion may also be extended to the articular eminence of 
the zygomatic process [15]. These variations must be 
taken into account clinically, especially when planning 
surgical procedures in this area. 

Air cavities of the temporal bone are areas of 
minimal resistance that allow the spreading of the 
pathologies within the temporal bone, e.g. chole-
steatoma, cholesterol granuloma, and otitis media, 
among others [21, 37, 45]. Air cells can form connec-
tions with the surrounding cavities, such as mastoid 
air cells (MAC) connecting to the tympanic cavity 
(TC). However, this connection can be a pathway for 
infection to spread in cases of otitis media, resulting 
in possible mastoiditis [28]. On the other hand, in-
creased TBP has been associated with fewer and less 
severe complications associated with temporal bone 
fractures [24, 28]. 

Having a good understanding of the variations in 
the morphometric properties of temporal bone cav-

ities can help to choose the right surgical approach 
for various otorhinolaryngological procedures. Sur-
geons can apply this knowledge when performing 
procedures directly on the external acoustic canal 
(EAC) or on the tympanic membrane, such as myrin-
goplasty [7]. There are different surgical approaches 
to choose from when performing this procedure. 
Similarly, knowledge of the morphometric character-
istics of the mastoid cavity is necessary to perform 
mastoidectomies properly. Mastoidectomy is a com-
mon surgical procedure with multiple indications, 
and each mastoidectomy is unique due to variations 
in the TBP patterns [27]. 

Although many studies have investigated the 
degree of TBP, there is still a lack of data regarding 
the total volumes and morphometric properties of 
the different temporal bone cavities. Therefore, the 
main objective of the present retrospective study was 
to analyse the morphological variations of the air 
spaces of the temporal bone, i.e. the pneumatized 
and air-filled spaces of the temporal bone cavities. 
Additionally, the objective was to establish possible 
alliances and correlations between parameters, as 
well as to assess sexual dimorphism. 

MATERIALS AND METHODS
A retrospective observational study was performed 

on 55 randomly selected computed tomography (CT) 
angiographies (CTA) of the head and neck region 
that were analysed in the Department of Radiology 
of Jagiellonian University Medical College, Krakow, 
Poland, in April 2022. In this study, CTAs were eval-
uated instead of CTs due to the greater availability 
of these results. All participants consciously agreed 
to the examination. The research protocol was sub-
mitted for evaluation and approved by the Bioethical 
Committee of Jagiellonian University, Krakow, Poland. 
Further stages of the study were carried out in ac-
cordance with the approved guidelines. The structure 
of the study group consisted of 99 temporal bones, 
of which 42 were from women and 57 from men, 
with a median age of 49.7. All patients were Polish. 
Each study was analysed bilaterally (110 cases). Ex-
clusion criteria were established as follows: (1) head 
trauma affecting the air spaces of the ear and/or the 
surrounding anatomical area, (2) significant artifacts 
that prevented accurate and precise imaging and/or 
measurement (3) low quality and illegible images. 
Defects that met the exclusion criteria but included 
only one side of the CT, without interference with 
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the contralateral side, did not disqualify the entire 
CT, but only the affected side. Finally, a total of 99 
sides were analysed.

Ethical approval

The research protocol was submitted for evalu-
ation and approved by the Bioethical Committee of 
Jagiellonian University, Krakow, Poland.

CTA

The CTAs were performed on a 128-slice scan-
ner CT (Philips Ingenuity CT, Philips Healthcare). The 
main CT imaging parameters were as follows: col-
limation/increment: 0.625/0.3 mm; tube current: 
120 mAs; field of view: 210 mm; matrix size: 512 ×  
× 512. All groups of patients received intravenous 
administration of contrast material at a dose of  
1 mL/kg (standard dose). A non-ionic contrast medium 
(CM) containing 350 mg of iodine per mL was used 
(Jowersol 741 mg/mL, Optiray®, Guerbet, France). 
CT data acquisition was triggered using a real-time 
bolus-tracking technique (Philips Healthcare) with 
the region of interest placed in the ascending aorta. 
The CM was intravenously injected using a power 
injector at a flow rate of 5 mL/s. This was immediately 
followed by the injection of 40 mL of saline solution 
at the same flow rate. Following the injection of CM 
and saline, image acquisition was started automat-
ically with a 2-s delay when the attenuation trigger 
value reached a threshold of 120 Hounsfield units 
(HU). Scanning was performed in the caudocranial 
direction.

Image processing

Biomedical data was processed by two experi-
enced and independent investigators and a qualified 
senior radiologist was also consulted. Anonymised 
source files in DICOM format were imported into 
specialised software (Mimics Innovation Suite 22; 

Materialise, Plymouth, MI, USA). Individual multilayer 
graphic masks in the region of corresponding ana-
tomical structures were created with built-in semiau-
tomatic algorithms using technique of the maximum 
intensity projection based on the corresponding HU 
range. Additionally, in each study, a three-dimensional 
reconstruction was performed to obtain a better vol-
ume match. Any distortions that could have caused 
an error were manually removed.

Measurements

The exact representation of the measurements 
is illustrated in Figures 1 and 2. Each measurement 
was performed twice, with an accuracy to the second 
decimal place, and a mean result was established af-
terwards. In further statistics, the mean values were 
taken into account. In the present study, temporal 
bone pneumatic spaces (TBPS) were defined as the 
free spaces within the temporal bone cavities filled 
with air, excluding the volume of the structures pre-
sented in the investigated region. The total volumes 
of the TBPS were calculated as the sum of the total 
volumes of MAC, TC, and EAC. Then the percentage 
value of each component was calculated. MAC were 
designated as the enclosed spaces within the mastoid 
process of the temporal bone along with the canal 
leading to the entrance to the tympanic antrum, just 
above the epitympanic recess. Porous spaces that 
originated mainly from the MAC and extend beyond 
the mastoid process were also included. The TC was 
bounded by six entities: the medial labyrinthic wall, 
the lateral wall with the tympanic membrane taking 
into account its angle of inclination, the roof bounded 
by the tegmen tympani, the floor demarcating the 
TC from the jugular fossa, the posterior wall with  
a cutoff point just above the epitympanic recess, 
and the anterior wall including the bony portion of 
the Eustachian tube. All EAC parameters were deter-
mined in the normal sagittal plane. A point inside 

Figure 1. Three-dimensional representation of the studied region with computed tomography cross-section; red — external auditory canal; 
violet — tympanic cavity; turquoise — mastoid air cells.
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the canal, just behind the tragus, inside the concha 
cavity, where the section of the canal takes a constant 
elliptical, oval, or round shape, was chosen as the 
lateral border. The tympanic membrane was chosen 
as the medial border, taking into account its angle 
of inclination. Furthermore, the EAC was divided 
into two parts corresponding to cartilage (cEAC) and 
bone (bEAC). The point of transition from cartilage 
to bone was determined as complete closure of the 
perimeter of the visible round contour in the proper 
section. The volume and surface area corresponding 
to the epithelium lining the EAC was determined with 
cEAC and bEAC. Compared to volume, the surfaces 
did not encase the included ends of the EAC. The 
length of the EAC was provided as the centre line 
to the canal wall, taking into account its curvature. 
The EAC also defines five locations where selected 
morphological parameters were assessed. Taking into 
account the measurements in the sagittal plane, the 
X-plane measurements corresponded to a range of 
+45 to –45 degrees with respect to the horizontal 
line, while the Y-plane measurements corresponded 
to the same range in the vertical plane. X1/Y1 corre-
sponds to the site of the lateral border of the EAC, 
X3/Y3 corresponds to the site corresponding to the 
cartilaginous-bone transition, and X5/Y5 corresponds 
to the site just distal to the appearance of the tym-
panic membrane where the bEAC perimeter visible 
in cross section opens. X2/Y2 was determined in the 
cEAC halfway between X1/Y1 and X3/Y3, while X4/Y4 
was determined in the bEAC halfway between X3/Y3 
and X5/Y5. Furthermore, the cross-sectional area and 
perimeter were labelled for each point.

Statistical analysis

Statistical analysis was performed with SATISTICA 
v13.1 (StatSoft Inc., Tulsa, OK, USA). The frequencies 
and percentages presented qualitative features. The 
Shapiro-Wilk test was used to assess the normal dis-
tribution. Quantitative features were presented by 
medians and higher and lower quartiles (HQ, LQ). 
Statistical significance was defined as p < 0.05. The 
Spearman rank correlation coefficient was used to 
determine possible correlations between parameters. 
U Mann-Whitney and Wilcoxon signed-rank tests were 
used to establish potential differences between two 
groups. To detect a simple correlation (r = 0.3) with 
80% power and a 5% significance level (two-tailed; 
α = 0.05; β = 0.2), the minimal sample size was set 
at 85 cases.

RESULTS 
Baseline characteristics

Analysis was carried out from every side in a total 
of 99 TBPS of 49 patients, between 15 and 82 years 
of age (mean age: 50 years old; standard deviation: 
19.3), of which 42 TBPS (42.4%) were from women 
and 57 (57.6%) from men. The left sides were ana-
lysed in 50 (50.5%) cases and the right sides in 49 
(49.5%) cases. All further descriptions, which refer to 
the names of the categories mentioned in the mate-
rials and methods section, are illustrated in Figure 3.

EAC results

Data on EAC were collected in 30 categories. For 
each category, analyses were performed considering 
the general population and the female and male 

Figure 2. Location of measurement points for the external auditory canal (EAC) along with the evaluation method. OX and OY denote the hori-
zontal and vertical axes. Point 1 corresponds to the distal end of the EAC. Point 3 corresponds to the transition from the bone (bEAC) to the 
cartilage (cEAC). Point 5 is at the proximal end of the EAC and indicates the origin of the bEAC itself, not the dimensions of the eardrum itself. 
Points 2 and 4 are placed halfway between points 1–3 and 3–5. The evaluation in the sagittal section on the left side of the figure is shown at 
measurement point 1; pink gradient — bEAC; reddish gradient — cEAC. 
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subgroups. For the general population, the median 
total volume of EAC was determined at 1294.36 mm3 

(LQ: 1099.68; HQ: 1627.84). The median surface of 
the EAC was set at 711.24 mm2 (LQ: 626.40; HQ: 
815.11). The median volume of cEAC was deter-
mined at 911.34 mm3 (LQ: 682.18; HQ: 1206.44). 
The median surface of the cEAC was set at 448.88 
mm2 (LQ: 370.53; HQ: 550.72). The median length 
of the cEAC was demonstrated at 14.88 mm (LQ: 
13.48; HQ: 17.56). The median volume of bEAC was 
set at 389.81 mm3 (LQ: 309.32; HQ: 520.13). The 
median surface of the bEAC was demonstrated at 
264.52 mm2 (LQ: 206.12; HQ: 332.61). The median 
length of the bEAC was set to 10.03 mm (LQ: 8.30; 

HQ: 12.57). The of the EAC of the cartilage part sur-
face was demonstrated at 64.00% of the EAC (LQ: 
56.00%; HQ: 70.00%). The surface of the bone part 
of EAC was set at 36.00% of EAC (LQ: 30.00%; HQ: 
44.00%). All the results mentioned above and more 
detailed values are presented in Table 1. 

The median surface of the EAC was set at 75.75 
mm2 (LQ: 57.07; HQ: 89.94) at the site of its lateral 
border (X1/Y1); 44.82 mm2 (LQ: 37.85; HQ: 53.97) in 
the cartilaginous-bone transition (X3/Y3); and 30.84 
mm2 (LQ: 26.59; HQ: 36.57) at the site just distal 
to the appearance of the tympanic membrane (X5/ 
/Y5). All mentioned above and more detailed results 
regarding all parameters are illustrated in Table 2.

Table 1. Results of the measurements

Category Median LQ HQ Minimum Maximum Mean SD

Total volume of TBPS [mm3] 7882.58 6200.56 10393.16 2111.74 22589.79 8606.67 3595.39

MAC [mm3] 5813.05 4224.94 8181.81 414.17 19528.21 6470.97 3442.69

TC [mm3] 709.15 574.84 915.15 345.95 1342.18 750.12 221.16

Total volume of EAC [mm3] 1294.36 1099.68 1627.84 658.12 2605.12 1385.59 403.76

EAC surface [mm2] 711.24 626.40 815.11 425.88 1247.51 735.60 154.33

cEAC volume  [mm3] 911.34 682.18 1206.44 339.72 1962.02 960.87 342.50

cEAC surface [mm2] 448.88 370.53 550.72 218.82 823.29 464.82 123.32

cEAC-to-EAC volume ratio 0.70 0.62 0.76 0.43 0.88 0.69 0.11

bEAC volume [mm3] 389.81 309.32 520.13 150.14 1078.53 424.72 168.18

bEAC surface [mm2] 264.52 206.12 332.61 112.19 520.10 270.78 86.68

EAC total length [mm] 25.70 23.91 27.71 19.87 34.80 25.98 3.05

cEAC length [mm] 14.88 13.48 17.56 9.22 21.86 15.45 2.80

bEAC length [mm] 10.03 8.30 12.57 4.97 18.18 10.53 2.95

LQ — lower quartile; HQ — higher quartile; SD — standard deviation; TBPS — temporal bone pneumatic spaces; MAC — mastoid air cells; TC — tympanic cavity; EAC — external aco-
ustic canal; cEAC — cartilage part of the external acoustic canal; bEAC — bony part of the external acoustic canal

Figure 3. Results presented as a form of median with lower and higher quartile on a three-dimensional model. Pinna along with colours were 
added to emphasize the view; violet — tympanic cavity; pink gradient — bone external auditory canal; reddish gradient — cartilage external 
auditory canal; CRAN — cranial view; LAO — left anterior oblique view; rest abbreviations — see Table 1.
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Regarding all categories mentioned in Table 1, po-
tential differences in EAC between men and women 
were analysed. The measurement results obtained 
from male cases were significantly higher in 8 of 
10 categories (p < 0.05): (1) total volume of EAC,  
(2) surface of EAC, (3) volume of cEAC, (4) surface 
of cEAC, (5) volume of bEAC, (6) surface of bEAC,  
(7) total length of EAC, (8) length of cEAC. All results 
mentioned above and detailed values regarding sex 
differences are presented in Table 3.

Furthermore, potential correlations were estab-
lished with respect to the EAC results between each 
of the categories. None of the EAC results correlated 
with age. However, some categories corresponded to 
each other. The correlations between the categories 
are summarized in Table 4.

Air spaces results

Data on the air spaces were collected in three cat-
egories. For each category, analyses were performed 
considering the general population and the female 
and male subgroups. For the general population, the 
median total volume of the TBPS was demonstrat-

ed at 7882.52 mm3 (LQ: 6200.56; HQ: 10393.16). 
The median MAC volume was set to 5813 mm3 (LQ: 
4224.94; HQ: 8181.81). The medial TC volume was 
set at 709.15 mm3 (LQ: 574.84; HQ: 915.15). All the 
results mentioned above and more detailed values 
are collected in Table 1.

Regarding the results of the measurements of the 
air spaces of the ear, potential differences between 
men and women were analysed. The measurement 
results obtained from male cases were significantly 
higher in 2 of 3 categories (p < 0.05): (1) total volume 
of TBPS and (2) volume of TC. All the aforementioned 
results and detailed values regarding sex differences 
are presented in Table 3.

Furthermore, potential correlations with the re-
sults of measurements of the airspaces of the ear 
were established between each of the categories. 
The total volume of TBPS was significantly inversely 
correlated with age (R = –0.26; p < 0.05). Fur-
thermore, MAC volume was significantly inversely 
correlated with age (R = –0.31; p < 0.05). The cor-
relations between the categories are summarized 
in Table 4.

Table 2. Results of the measurements

Category Median LQ HQ Minimum Maximum Mean SD

EAC X1 [mm] 8.35 7.38 9.52 4.33 13.84 8.45 1.74

EAC Y1 [mm] 10.88 9.48 12.57 3.96 15.66 10.88 2.22

EAC P1 [mm2] 31.13 27.94 34.16 15.78 39.44 30.63 4.61

EAC Area1 [mm2] 75.75 57.07 86.94 19.28 119.77 72.46 20.44

EAC X2 [mm] 7.27 6.26 8.24 3.90 64.00 7.95 5.96

EAC Y2 [mm] 9.69 8.61 11.17 6.30 13.22 9.79 1.56

EAC P2 [mm2] 26.51 24.40 29.68 2.03 37.41 27.02 4.63

EAC Area2 [mm2] 53.27 43.79 65.47 25.84 109.30 56.91 17.45

EAC X3 [mm] 6.17 5.46 7.05 4.41 14.93 6.37 1.50

EAC Y3 [mm] 9.60 8.19 10.57 5.27 14.49 9.42 1.75

EAC P3 [mm2] 25.08 22.53 27.18 16.07 37.36 25.16 3.84

EAC Area3 [mm2] 44.82 37.85 53.97 20.00 98.43 47.31 14.44

EAC X4 [mm] 5.29 4.76 5.97 3.76 10.75 5.53 1.30

EAC Y4 [mm] 7.90 7.07 8.68 4.04 11.09 7.95 1.37

EAC P4 [mm2] 20.88 19.52 23.08 14.87 32.31 21.44 2.82

EAC Area4 [mm2] 32.43 27.68 39.88 16.86 82.25 34.33 9.84

EAC X5 [mm] 5.15 4.48 6.64 3.29 9.67 5.61 1.44

EAC Y5 [mm] 7.63 7.05 7.98 2.64 10.93 7.34 1.31

EAC P5 [mm2] 20.40 19.17 21.90 14.91 29.03 20.58 2.56

EAC Area5 [mm2] 30.84 26.59 36.57 14.51 66.79 31.97 9.46

LQ — lower quartile; HQ — higher quartile; SD — standard deviation; EAC — external auditory canal; Point 1 corresponds to the distal end of the EAC; Point 3 corresponds to the tran-
sition from the bEAC to cEAC part; Point 5 is located at the proximal end of the EAC; Points 2 and 4 were placed halfway between points 1-3 and 3-5; For detailed description of the points 
1-5, please see the Materials and Methods section
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DISCUSSION
Numerous studies have reported on the degree of 

pneumatization patterns of the temporal bone using 
CT. Dexian Tan et al. [12] conducted a study in which 
a classification of TBP was made on high-resolution 
CT. In the study, they concluded that the degree of 
TBP varies among the different compartments. They 
also indicated the existing significant association 
between age and sex with the degree of pneumati-
zation of the petrous apex and the infralabyrinthine 
compartment. Another type of classification of TBP 
using CT was carried out by Han et al. [17]. However, 
the aforementioned study contained a classification 
that was based on the sigmoid sinus. In the study, 
they explained that when the sigmoid sinus at the 
level of the malleoincudal complex was used in the 
classification, there were statistically significant var-

iations between the groups that correlated with the 
entire volume of the temporal bone. These results 
match what was found in the present study, that is, 
that variations in the morphology of the air spaces of 
the temporal bone are associated with sex and age.

Many imaging techniques for the evaluation of 
temporal bone cavities have been presented in the 
literature [35]. CT is the most common modality for 
assessing the bony anatomy of the temporal bone. In 
our study, CTAs were used to analyse the air spaces 
of the temporal bone. Although CT is a good option 
for conducting analyses of air-filled spaces of the 
temporal bone, comparable evaluation of the osseous 
components of the skull base and sinonasal anat-
omy is possible at a lower cost and radiation dose 
with cone-beam computed tomography (CBCT) [22]. 
Therefore, numerous studies have been conducted on 

Table 3. Results of measurements according to the sex of the patients. Highlighted in red are those parameters which were statisti-
cally significant (p ≤ 0.05)

Category Sex Median LQ HQ Minimum Maximum Mean SD P

Total volume of TBPS [mm3] Female 7262.26 6200.56 8869.95 3649.67 14291.01 7644.75 2307.27 0.04

Male 8628.54 6340.25 11767.53 2111.74 22589.79 9315.45 4185.58

MAC [mm3] Female 5646.36 4281.17 7007.97 1606.27 11752.44 5810.50 2174.48 0.22

Male 6015.76 4224.94 9100.49 414.17 19528.21 6957.62 4087.92

TC [mm3] Female 648.89 543.62 851.14 345.95 1342.18 705.17 231.57 0.05

Male 745.42 619.30 915.15 439.09 1254.85 783.24 209.05

Total volume of EAC [mm3] Female 1102.73 999.85 1253.41 658.12 1627.84 1129.08 220.13 0.00

Male 1515.85 1290.45 1791.14 917.20 2605.12 1574.59 405.09

EAC surface [mm2] Female 632.07 583.63 708.10 425.88 833.96 641.09 90.82 0.00

Male 790.83 697.06 896.44 508.57 1247.51 805.24 154.95

cEAC volume  [mm3] Female 731.04 616.82 911.34 339.72 1401.31 767.36 238.29 0.00

Male 1105.43 843.52 1356.76 499.86 1962.02 1103.46 339.01

cEAC surface [mm2] Female 402.24 330.94 460.44 218.82 605.52 400.09 93.95 0.00

Male 497.04 430.66 615.55 274.97 823.29 512.52 121.22

cEAC-to-EAC surface ratio Female 0.61 0.56 0.70 0.42 0.80 0.62 0.10 0.16

Male 0.64 0.58 0.71 0.41 0.82 0.64 0.09

bEAC volume [mm3] Female 367.57 276.82 425.72 150.14 636.59 361.73 111.45 0.00

Male 430.10 318.20 584.28 198.75 1078.53 471.13 187.71

bEAC surface [mm2] Female 258.55 196.04 282.63 112.19 382.16 241.00 64.99 0.01

Male 272.88 216.06 360.77 139.76 520.10 292.72 94.34

EAC total length [mm] Female 24.05 22.50 26.10 19.87 30.00 24.36 2.51 0.00

Male 26.98 25.18 28.79 20.72 34.80 27.17 2.87

cEAC length [mm] Female 14.25 12.44 16.01 9.22 18.70 14.06 2.32 0.00

Male 16.38 14.45 18.74 9.86 21.86 16.47 2.69

bEAC length [mm] Female 9.64 8.38 11.93 4.97 16.65 10.30 2.87 0.50

Male 10.21 8.21 12.77 5.91 18.18 10.70 3.02

LQ — lower quartile; HQ — higher quartile; SD — standard deviation; TBPS — temporal bone pneumatic spaces; MAC — mastoid air cells; TC — tympanic cavity; EAC — external aco-
ustic canal; cEAC — cartilage part of the external acoustic canal; bEAC — bony part of the external acoustic canal
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the TBP patterns with the use of CBCT [11, 14]. The 
image quality of the CBCT has also been described 
as superior to that of multiple-slice CT scans [36].

Knowledge about the morphology of the EAC is 
of great importance when performing procedures 
in that area, e.g. when performing myringoplasty. 
Myringoplasty is the term used for surgical repairs 
of minor perforations of the tympanic membrane. 
These perforations are most often caused by trauma, 
infections, or iatrogenic causes. Up to 80% of them 
are said to close spontaneously [1]. However, in some 
cases, myringoplasty is required. To access the tym-
panic membrane for myringoplasty, there are three 
recognised surgical approaches: permeatal, endaural, 
and postaural. Sharma et al. [39] conducted a pro-
spective study on the different surgical approaches 
used when performing myringoplasty. In the study, 
they presented different results of myringoplasty 
when using these approaches. The highest success 
rate was found to be associated with the postaural 
approach (86.66%) and the lowest with the permeatal 
approach (73.33%). It was also stated that an issue 
with the permeatal approach was that it was only 
suitable in cases where the EAC was wide enough to 
allow complete visualisation of the tympanic mem-
brane. Other studies have also stated the same [31]. 
The current study showed that there is sexual dimor-
phism in the morphometric properties of the EAC. 
Women, on average, had lower volumes, smaller 
total surface area, and shorter length of EAC. These 
results show that the permeatal approach might 
be less favourable in women than in men and that  
a different approach should be considered. Extensive 
knowledge of the morphology of the EAC is also im-
portant when treating squamous cell carcinoma (SCC) 
in that area. SCC is the most common primary type of 
cancer that affects the temporal bone, including the 
EAC [3]. The main form of therapy for cancers of the 
EAC and temporal bone is surgery. Nakagawa et al. 
[32] presented a study on the treatment of a SCC in 
the EAC. In the study, they performed a lateral bone 
resection of the tumour, not beyond the tympan-
ic membrane. They concluded that radical surgery 
with preoperative chemoradiotherapy was effective 
in improving the estimated survival of patients with 
an advanced stage of SCC of the temporal bone. EAC 
cholesteatoma is an inflammatory process associated 
with ectopic proliferation of squamous tissue that 
results in osteolysis. It is a rare form of cholesteatoma 
first described by Toynbee in 1850 [42]. The typical 
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location of this disease is the middle ear cavity, and 
the treatment modalities for EAC cholesteatomas 
vary and depend on the extent of the involvement. 
For smaller lesions localized to the EAC, debridement 
is suggested and for greater lesions, surgery is rec-
ommended [6].

Tympanosclerosis (TS) represents the deposition 
of hyalinised collagen in the TC and has been report-
ed to be associated with chronic otitis media [30]. 
Deposition can occur in the tympanic membrane, 
the mucosa lining of the TC, the ossicular chain, 
and occasionally the mastoid [5]. However, in most 
cases, TS affects mainly the tympanic membrane. 
Intratympanic TS most commonly involves silent ar-
eas in the middle ear, with ossicular involvement 
seen in 30–40% of cases of intratympanic TS [29]. 
The severity of the impact of TS on hearing is de-
termined primarily by the location and extent of TS 
plaques [5]. When TS plaques affect the mobility of 
the tympanic membrane, they have to be surgically 
removed. Larem et al. [29] presented a high success 
rate of tympanoplasty in the myringosclerosis ears 
with a postoperative air-bone gap ≤ 20 dB in 96.5% 
of cases. As mentioned above, the ossicle chain can 
also be affected by TS. This can lead to fixation of 
the incudo-malleal complex or fixation of stapes. 
Tympanoplasty has been generally accepted as the 
choice of procedure for hearing restoration in cases 
where TS involves the ossicular chain. This involves 
the removal of TS mass, followed by a reconstruction 
of the middle ear sound conductive mechanism [43]. 
In cases of fixation of the incudo-malleal complex, 
possible treatment may be the removal of the in-
cus and the head of the malleus and the insertion 
of a partial ossicular replacement prosthesis [29]. 
Surgical interventions when the stapes is fixed are 
a manner of great controversy. Some authors state 
that stapedectomy is the more reliable treatment 
for stapes fixation [9, 46]. However, others report 
that this procedure carries an unacceptable risk of 
postoperative sensorineural hearing loss and that 
mobilisation of stapes could be a better option [41]. 
Knowledge of the morphology of the TC is crucial 
when performing procedures in this area. The results 
of the present study show that there is a sexual di-
morphism in the morphometric properties of the TC. 
TC was shown to have, on average, a smaller total 
volume in women than in men. Kavakli et al. [26] 
investigated the differences in the volume of the TC 
between men and women. In the results study, the 

presented were similar to those in the present anal-
ysis. Therefore, surgeons should consider this when 
performing operations in this area.

The morphometric properties of the MAC are of 
great importance in order to understand their physi-
ology and pathogenesis. These properties are mainly 
studied from a volumetric point of view because the 
mastoid cavity has been regarded as an air reservoir 
[34]. Colhoun et al. [10] conducted a CT-based study 
in which the area and volume measurements of the 
mastoid air spaces of 26 normal temporal bones of 
cadavers were analysed. In the study, the mean value 
of mastoid volume was measured at 8.4 ± 3.6 cm3. 
Similarly, Park et al. [34] studied these properties 
in 24 normal ears, where the mean value of mas-
toid volume was 10.43 ± 6.66 cm3. In the present 
study, the mean volume of MAC was measured to 
be 6.47 ± 3.44 cm3, which is relatively lower than 
the two values mentioned above. Both of the cited 
studies were performed on cadavers, compared to 
the subjects used in this paper, which consisted of 
living patients. An explanation for this discrepancy 
may be that the extent of the contrast window was 
defined differently. This suggests that the boundary 
layers corresponding to the epithelium, for example, 
were chosen too restrictively, resulting in an under-
estimation of the measurement. Studies about the 
morphometric properties of the MAC based on CT 
have also been published in the literature. Karakas 
et al. [25] presented a morphometric examination 
of the MAC using CT. In the study, the mean value of 
the mastoid volume was 14.05 ± 7.24 cm3, which is 
more than double the volume recorded in the present 
analysis. However, the results of the current study are 
very similar to those presented by Isono et al. [20], 
which were measured to be 6.3 cm3 (no standard 
deviation was reported). The differences between the 
values might be due to many different factors, such as 
measuring techniques, the number of subjects used, 
or racially based differences.  

Understanding the anatomy of the temporal bone 
is crucial when performing mastoid surgery. Mas-
toidectomy is a surgical procedure of the temporal 
bone in which postauricular air cells are opened by 
removing the bone that separates them. There are 
many indications for mastoidectomy to be performed, 
which can include cholesteatoma, acute mastoiditis, 
and chronic mastoiditis [8]. Mastoidectomy is also 
performed as a surgical approach for numerous oto-
logical procedures, such as facial nerve surgery, coch-
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lear implantation, and labyrinthectomy [27]. In the 
present study, measurements and statistical analysis 
of MAC volume were performed. The sexual dimor-
phism was shown to occur in the total volume of 
the mastoid cavity. Women had, on average, smaller 
volumes of MAC than men. Additionally, a statistically 
significant correlation was found between mastoid 
cavity volume and age, where the volume of the 
mastoid cavity was shown to become lower with age. 
Therefore, these results should be taken into consid-
eration when performing mastoidectomies or other 
procedures concerning the mastoid. The patients’ 
age should be taken into account when performing 
these procedures, especially in older patients, since 
their mastoid cavity volumes might be lower.

Limitations of the study

However, this study is not without limitations. 
The authors of the current study did not have access 
to clinical data about the patients from whom the 
CTs were analysed. Despite statistically significant 
results, a study in a larger study group is still war-
ranted to minimise potential bias and establish the 
most accurate parameters. Furthermore, this study 
is also burdened with a possible measurement error, 
as the results are only as good as the quality of the 
images analysed and the numerical accuracy of the 
software used. 

CONCLUSIONS 
The present study is the first to analyse the degree 

of pneumatization and the morphology of temporal 
bone cavities, with respect to different compartments, 
sides, sex, and age. The results showed that the total 
volume of the mastoid air cells was, on average, 
lower in women than in men. This should be taken 
into consideration when performing procedures on 
the mastoid, such as mastoidectomies. Furthermore, 
sexual dimorphism in the morphometric properties 
of the external auditory canal was found. Women, 
on average, had lower volumes, smaller total surface 
areas, and shorter external auditory canals. This study 
provides surgeons with crucial data that can surely 
be useful when performing otological procedures 
— which should be taken into consideration to avoid 
any unexpected complications.

Conflict of interest: None declared

REFERENCES
1. Aggarwal R, Saeed SR, Green KJM. Myringoplasty.  

J Laryngol Otol. 2006; 120(6): 429–432, doi: 10.1017/
S0022215106000697, indexed in Pubmed: 16772050.

2. Allam AF. Pneumatization of the temporal bone. 
Ann Otol Rhinol Laryngol. 1969; 78(1): 49–64, doi: 
10.1177/000348946907800105, indexed in Pubmed: 
5763190.

3. Allanson BM, Low TH, Clark JR, et al. Squamous cell carcino-
ma of the external auditory canal and temporal bone: an up-
date. Head Neck Pathol. 2018; 12(3): 407–418, doi: 10.1007/
s12105-018-0908-4, indexed in Pubmed: 30069837.

4. Anson B, Donaldson J. Surgical anatomy of the temporal 
bone. 3d ed. Saunders, Philadelphia 1981.

5. Asiri S, Hasham A, al Anazy F, et al. Tympanosclerosis: 
review of literature and incidence among patients with 
middle-ear infection. J Laryngol Otol. 1999; 113(12): 
1076–1080, doi: 10.1017/s0022215100157937, indexed 
in Pubmed: 10767919.

6. Aswani Y, Varma R, Achuthan G. Spontaneous external au-
ditory canal cholesteatoma in a young male: Imaging find-
ings and differential diagnoses. Indian J Radiol Imaging. 
2016; 26(2): 237–240, doi: 10.4103/0971-3026.184419, 
indexed in Pubmed: 27413272.

7. Ayache S, Beltran M, Guevara N. Endoscopic transcanal 
myringoplasty for anterior tympanic membrane perfo-
ration. Eur Ann Otorhinolaryngol Head Neck Dis. 2019; 
136(5): 413–415, doi: 10.1016/j.anorl.2019.05.001, 
indexed in Pubmed: 31126894.

8. Bennett M, Warren F, Haynes D. Indications and technique 
in mastoidectomy. Otolaryngol Clin North Am. 2006; 
39(6): 1095–1113, doi: 10.1016/j.otc.2006.08.012, in-
dexed in Pubmed: 17097435.

9. Celik H, Aslan Felek S, Islam A, et al. Analysis of long-term 
hearing after tympanosclerosis with total/partial stape-
dectomy and prosthesis used. Acta Otolaryngol. 2008; 
128(12): 1308–1313, doi: 10.1080/00016480801953056, 
indexed in Pubmed: 18607937.

10. Colhoun EN, O’Neill G, Francis KR, et al. A comparison be-
tween area and volume measurements of the mastoid air 
spaces in normal temporal bones. Clin Otolaryngol Allied 
Sci. 1988; 13(1): 59–63, doi: 10.1111/j.1365-2273.1988.
tb00282.x, indexed in Pubmed: 3370855.

11. Delilbasi C, Orhan K, Icen M, et al. Evaluation of articular 
eminence pneumatization using cone beam computed 
tomography. Minerva Stomatol. 2013; 62(10): 349–354, 
indexed in Pubmed: 24217683.

12. Dexian Tan A, Ng JH, Lim SuA, et al. Classification of 
temporal bone pneumatization on high-resolution com-
puted tomography: prevalence patterns and implications. 
Otolaryngol Head Neck Surg. 2018; 159(4): 743–749, 
doi: 10.1177/0194599818778268, indexed in Pubmed: 
29807479.

13. Diamant M. Otitis and pneumatization of the mastoid 
bone. Acta Otolaryngol. 1940; 41: 1–149.

14. Erovic BM, Chan HHL, Daly MJ, et al. Intraoperative cone-
beam computed tomography and multi-slice computed 
tomography in temporal bone imaging for surgical 

http://dx.doi.org/10.1017/S0022215106000697
http://dx.doi.org/10.1017/S0022215106000697
https://www.ncbi.nlm.nih.gov/pubmed/16772050
http://dx.doi.org/10.1177/000348946907800105
https://www.ncbi.nlm.nih.gov/pubmed/5763190
http://dx.doi.org/10.1007/s12105-018-0908-4
http://dx.doi.org/10.1007/s12105-018-0908-4
https://www.ncbi.nlm.nih.gov/pubmed/30069837
http://dx.doi.org/10.1017/s0022215100157937
https://www.ncbi.nlm.nih.gov/pubmed/10767919
http://dx.doi.org/10.4103/0971-3026.184419
https://www.ncbi.nlm.nih.gov/pubmed/27413272
http://dx.doi.org/10.1016/j.anorl.2019.05.001
https://www.ncbi.nlm.nih.gov/pubmed/31126894
http://dx.doi.org/10.1016/j.otc.2006.08.012
https://www.ncbi.nlm.nih.gov/pubmed/17097435
http://dx.doi.org/10.1080/00016480801953056
https://www.ncbi.nlm.nih.gov/pubmed/18607937
http://dx.doi.org/10.1111/j.1365-2273.1988.tb00282.x
http://dx.doi.org/10.1111/j.1365-2273.1988.tb00282.x
https://www.ncbi.nlm.nih.gov/pubmed/3370855
https://www.ncbi.nlm.nih.gov/pubmed/24217683
http://dx.doi.org/10.1177/0194599818778268
https://www.ncbi.nlm.nih.gov/pubmed/29807479


919

E. Szczepanek et al., Air spaces of the temporal bone

treatment. Otolaryngol Head Neck Surg. 2014; 150(1): 
107–114, doi: 10.1177/0194599813510862, indexed in 
Pubmed: 24170658.

15. Friedrich RE, Viezens L, Grzyska U. Pneumatization of 
the zygomatic process of temporal bone on computed 
tomograms. GMS Interdiscip Plast Reconstr Surg DGPW. 
2016; 5: Doc16, doi: 10.3205/iprs000095, indexed in 
Pubmed: 27347473.

16. Gibelli D, Cellina M, Gibelli S, et al. Temporal bone pneu-
matization: relationship with sex and variants of the 
ethmoid and sphenoid bone. J Craniofac Surg. 2021; 
32(8): 2888–2891, doi: 10.1097/SCS.0000000000007809, 
indexed in Pubmed: 34231515.

17. Han SJ, Song MH, Kim J, et al. Classification of temporal 
bone pneumatization based on sigmoid sinus using com-
puted tomography. Clin Radiol. 2007; 62(11): 1110–1118, 
doi: 10.1016/j.crad.2007.04.019, indexed in Pubmed: 
17920872.

18. Hill CA. Ontogenetic change in temporal bone pneuma-
tization in humans. Anat Rec (Hoboken). 2011; 294(7): 
1103–1115, doi: 10.1002/ar.21404, indexed in Pubmed: 
21618436.

19. Hindi K, Alazzawi S, Raman R, et al. Pneumatization of 
mastoid air cells, temporal bone, ethmoid and sphenoid 
sinuses. Any correlation? Indian J Otolaryngol Head Neck 
Surg. 2014; 66(4): 429–436, doi: 10.1007/s12070-014-
0745-z, indexed in Pubmed: 26396957.

20. Isono M, Murata K, Azuma H, et al. Computerized as-
sessment of the mastoid air cell system. Auris Nasus 
Larynx. 1999; 26(2): 139–145, doi: 10.1016/s0385-
8146(98)00055-8, indexed in Pubmed: 10214891.

21. Jackler RK, Cho M. A new theory to explain the genesis 
of petrous apex cholesterol granuloma. Otol Neurotol. 
2003; 24(1): 96–106, doi: 10.1097/00129492-200301000-
00020, indexed in Pubmed: 12544037.

22. Jadhav AB, Fellows D, Hand AR, et al. Classification and 
volumetric analysis of temporal bone pneumatization 
using cone beam computed tomography. Oral Surg Oral 
Med Oral Pathol Oral Radiol. 2014; 117(3): 376–384, 
doi: 10.1016/j.oooo.2013.12.398, indexed in Pubmed: 
24528795.

23. Jen A, Sanelli PC, Banthia V, et al. Relationship of petrous 
temporal bone pneumatization to the eustachian tube 
lumen. Laryngoscope. 2004; 114(4): 656–660, doi: 
10.1097/00005537-200404000-00011, indexed in Pu-
bmed: 15064619.

24. Kang TK, Ha R, Oh JH, et al. The potential protective effects 
of temporal bone pneumatization: A shock absorber in 
temporal bone fracture. PLoS One. 2019; 14(5): e0217682, 
doi: 10.1371/journal.pone.0217682, indexed in Pubmed: 
31150482.

25. Karakas S, Kavakli A. Morphometric examination of the 
paranasal sinuses and mastoid air cells using comput-
ed tomography. Ann Saudi Med. 2005; 25(1): 41–45, 
doi: 10.5144/0256-4947.2005.41, indexed in Pubmed: 
15822493.

26. Kavakli A, Ogeturk M, Yildirim H, et al. Volume assessment 
of age-related conversion of the tympanic cavity by helical 
computerized tomography scanning. Saudi Med J. 2004; 
25(10): 1378–1381, indexed in Pubmed: 15494806.

27. Kenneth LK, Jerry WL. Mastoidectomy. StatPearls Publish-
ing, Treasure Island 2021.

28. Klein J. Otitis externa, otitis media, and mastoiditis. 
Mandell, Douglas, and Bennett’s Principles and Practice 
of Infectious Diseases. 2015: 767–773.e1, doi: 10.1016/
b978-1-4557-4801-3.00062-x.

29. Larem A, Abu Rajab Altamimi Z, Aljariri AA, et al. Relia-
bility of high-resolution CT scan in diagnosis of ossicular 
tympanosclerosis. Laryngoscope Investig Otolaryngol. 
2021; 6(3): 540–548, doi: 10.1002/lio2.594, indexed in 
Pubmed: 34195376.

30. Mahajan SB, Kochhar L. Surgical management of tympano-
sclerosis-our experience. Med J Armed Forces India. 2000; 
56(3): 198–200, doi: 10.1016/S0377-1237(17)30165-X, 
indexed in Pubmed: 28790706.

31. Man SC, Nunez DA. Tympanoplasty — conchal cavum 
approach. J Otolaryngol Head Neck Surg. 2016; 45: 1, 
doi: 10.1186/s40463-015-0113-3, indexed in Pubmed: 
26739478.

32. Nakagawa T, Kumamoto Y, Natori Y, et al. Squamous 
cell carcinoma of the external auditory canal and 
middle ear: an operation combined with preoperative 
chemoradiotherapy and a free surgical margin. Otol 
Neurotol. 2006; 27(2): 242–249, doi: 10.1097/01.mao
.0000190463.88873.3d, indexed in Pubmed: 16436996.

33. Palva T, Palva A. Size of the human mastoid air cell 
system. Acta Otolaryngol. 1966; 62(3): 237–251, doi: 
10.3109/00016486609119570, indexed in Pubmed: 
5970742.

34. Park MS, Yoo SH, Lee DH. Measurement of surface area 
in human mastoid air cell system. J Laryngol Otol. 2000; 
114(2): 93–96, doi: 10.1258/0022215001904969, indexed 
in Pubmed: 10748822.

35. Pyykkö I, Zou J, Gürkov R, et al. Imaging of temporal 
bone. Adv Otorhinolaryngol. 2019; 82: 12–31, doi: 
10.1159/000490268, indexed in Pubmed: 30947168.

36. Saati S, Kaveh F, Yarmohammadi S. Comparison of cone 
beam computed tomography and multi slice computed 
tomography image quality of human dried mandible using 
10 anatomical landmarks. J Clin Diagn Res. 2017; 11(2): 
ZC13–ZC16, doi: 10.7860/JCDR/2017/20637.9253, indexed 
in Pubmed: 28384972.

37. Sadé J. Treatment of cholesteatoma and retraction 
pockets. Eur Arch Otorhinolaryngol. 1993; 250(4): 
193–199, doi: 10.1007/BF00171523, indexed in Pubmed: 
8369113.

38. Seibert JW, Danner CJ. Eustachian tube function and 
the middle ear. Otolaryngol Clin North Am. 2006; 39(6): 
1221–1235, doi: 10.1016/j.otc.2006.08.011, indexed in 
Pubmed: 17097443.

39. Sharma DK, Singh S, Sohal BS, et al. Prospective study 
of myringoplasty using different approaches. Indian  
J Otolaryngol Head Neck Surg. 2009; 61(4): 297–300, 
doi: 10.1007/s12070-009-0086-5, indexed in Pubmed: 
23120654.

40. Standring S, Borley NR, Gray H. Gray’s anatomy: the an-
atomical basis of clinical practice. 40th ed., anniversary 
ed. Elsevier, Churchill Livingstone 2008.

41. Tos M, Lau T, Arndal H, et al. Tympanosclerosis of 
the middle ear: late results of surgical treatment.  

http://dx.doi.org/10.1177/0194599813510862
https://www.ncbi.nlm.nih.gov/pubmed/24170658
http://dx.doi.org/10.3205/iprs000095
https://www.ncbi.nlm.nih.gov/pubmed/27347473
http://dx.doi.org/10.1097/SCS.0000000000007809
https://www.ncbi.nlm.nih.gov/pubmed/34231515
http://dx.doi.org/10.1016/j.crad.2007.04.019
https://www.ncbi.nlm.nih.gov/pubmed/17920872
http://dx.doi.org/10.1002/ar.21404
https://www.ncbi.nlm.nih.gov/pubmed/21618436
http://dx.doi.org/10.1007/s12070-014-0745-z
http://dx.doi.org/10.1007/s12070-014-0745-z
https://www.ncbi.nlm.nih.gov/pubmed/26396957
http://dx.doi.org/10.1016/s0385-8146(98)00055-8
http://dx.doi.org/10.1016/s0385-8146(98)00055-8
https://www.ncbi.nlm.nih.gov/pubmed/10214891
http://dx.doi.org/10.1097/00129492-200301000-00020
http://dx.doi.org/10.1097/00129492-200301000-00020
https://www.ncbi.nlm.nih.gov/pubmed/12544037
http://dx.doi.org/10.1016/j.oooo.2013.12.398
https://www.ncbi.nlm.nih.gov/pubmed/24528795
http://dx.doi.org/10.1097/00005537-200404000-00011
https://www.ncbi.nlm.nih.gov/pubmed/15064619
http://dx.doi.org/10.1371/journal.pone.0217682
https://www.ncbi.nlm.nih.gov/pubmed/31150482
http://dx.doi.org/10.5144/0256-4947.2005.41
https://www.ncbi.nlm.nih.gov/pubmed/15822493
https://www.ncbi.nlm.nih.gov/pubmed/15494806
http://dx.doi.org/10.1016/b978-1-4557-4801-3.00062-x
http://dx.doi.org/10.1016/b978-1-4557-4801-3.00062-x
http://dx.doi.org/10.1002/lio2.594
https://www.ncbi.nlm.nih.gov/pubmed/34195376
http://dx.doi.org/10.1016/S0377-1237(17)30165-X
https://www.ncbi.nlm.nih.gov/pubmed/28790706
http://dx.doi.org/10.1186/s40463-015-0113-3
https://www.ncbi.nlm.nih.gov/pubmed/26739478
http://dx.doi.org/10.1097/01.mao.0000190463.88873.3d
http://dx.doi.org/10.1097/01.mao.0000190463.88873.3d
https://www.ncbi.nlm.nih.gov/pubmed/16436996
http://dx.doi.org/10.3109/00016486609119570
https://www.ncbi.nlm.nih.gov/pubmed/5970742
http://dx.doi.org/10.1258/0022215001904969
https://www.ncbi.nlm.nih.gov/pubmed/10748822
http://dx.doi.org/10.1159/000490268
https://www.ncbi.nlm.nih.gov/pubmed/30947168
http://dx.doi.org/10.7860/JCDR/2017/20637.9253
https://www.ncbi.nlm.nih.gov/pubmed/28384972
http://dx.doi.org/10.1007/BF00171523
https://www.ncbi.nlm.nih.gov/pubmed/8369113
http://dx.doi.org/10.1016/j.otc.2006.08.011
https://www.ncbi.nlm.nih.gov/pubmed/17097443
http://dx.doi.org/10.1007/s12070-009-0086-5
https://www.ncbi.nlm.nih.gov/pubmed/23120654


920

Folia Morphol., 2023, Vol. 82, No. 4

J Laryngol Otol. 1990; 104(9): 685–689, doi: 10.1017/
s0022215100113623, indexed in Pubmed: 2230573.

42. Toynbee J. A specimen of molluscum contagiosum devel-
oped in the external auditory meatus. London Medical 
Gazette. 1850; 46: 809–811.

43. Tsuzuki K, Yanagihara N, Hinohira Y, et al. Tympanosclerosis 
involving the ossicular chain: mobility of the stapes in 
association with hearing results. Acta Otolaryngol. 2006; 
126(10): 1046–1052, doi: 10.1080/00016480600672634, 
indexed in Pubmed: 16923708.

44. Tumarkin A. On the nature and vicissitudes of the accessory 
air spaces of the middle ear. J Laryngol Otol. 1957; 71(2): 

65–99, doi: 10.1017/s0022215100051598, indexed in 
Pubmed: 13406420.

45. Turgut S, Tos M. Correlation between temporal bone 
pneumatization, location of lateral sinus and length 
of the mastoid process. J Laryngol Otol. 1992; 106(6): 
485–489, doi: 10.1017/s0022215100119942, indexed in 
Pubmed: 1624879.

46. Vincent R, Oates J, Sperling NM. Stapedotomy for tym-
panosclerotic stapes fixation: is it safe and efficient?  
A review of 68 cases. Otol Neurotol. 2002; 23(6): 866–872, 
doi: 10.1097/00129492-200211000-00010, indexed in 
Pubmed: 12438848.

http://dx.doi.org/10.1017/s0022215100113623
http://dx.doi.org/10.1017/s0022215100113623
https://www.ncbi.nlm.nih.gov/pubmed/2230573
http://dx.doi.org/10.1080/00016480600672634
https://www.ncbi.nlm.nih.gov/pubmed/16923708
http://dx.doi.org/10.1017/s0022215100051598
https://www.ncbi.nlm.nih.gov/pubmed/13406420
http://dx.doi.org/10.1017/s0022215100119942
https://www.ncbi.nlm.nih.gov/pubmed/1624879
http://dx.doi.org/10.1097/00129492-200211000-00010
https://www.ncbi.nlm.nih.gov/pubmed/12438848


Folia Morphol. 
Vol. 82, No. 4, pp. 921–931

DOI: 10.5603/FM.a2023.0025
Copyright © 2023 Via Medica

ISSN 0015–5659
eISSN 1644–3284

journals.viamedica.pl

O R I G I N A L    A R T I C L E

921

Address for correspondence: Dr hab. n. med. Wirginia Likus, prof. SUM, Department of Anatomy, Faculty of Health Sciences in Katowice, Medical 
University of Silesia in Katowice, ul. Medyków 18, 40–752 Katowice, Poland, e-mail: wirginia.likus@gmail.com

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download 
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

Would you donate your body?  
Attitudes of students of nursing and 
physiotherapy towards body donation  
for educational and scientific purposes
W. Likus1 , P. Janiszewska2

1Department of Anatomy, Faculty of Health Sciences in Katowice, Medical University of Silesia, Katowice, Poland
2Department of Reproductive Health and Sexology, Department of Women’s Health,  
Faculty of Health Sciences in Katowice, Medical University of Silesia, Katowice, Poland

[Received: 4 March 2023; Accepted: 12 March 2023; Early publication date: 3 April 2023]

Background: Human body is the most perfect atlas of human anatomy. Body donation 
after death is, next to donation of organs for the purpose of transplantation, another 
most altruistic act, which significantly influences the future of medicine, as regards 
teaching of anatomy and clinical disciplines. Because students are mainly the beneficiaries 
of corpse donations, it appears important to learn about their attitudes to this altruistic 
act. The purpose was to assess the awareness and attitudes of students of nursing and 
physiotherapy towards body donation for educational and scientific purposes. 
Materials and methods: A total of 128 Polish students (110 women and 18 men) 
from the faculties of nursing and physiotherapy of the Medical University of Silesia in 
Katowice, Poland took part in the questionnaire study. The average age in respective 
groups was 19.94 ± 0.34 years of age in case of nursing and 19.93 ± 0.25 years of 
age in case of physiotherapy. The first part of the proprietary questionnaire concerned 
classes in body dissection conducted in prosectorium and their significance for teaching 
anatomy. The second part applied to the programme of Conscious Body Donation, 
attitudes towards the body in prosectorium and the approach to body donation for 
educational and scientific purposes.
Results: The results of the study indicate that students from both faculties are in favour 
of body donation after death for educational and scientific purposes. Unfortunately, 
only a small percentage of them expressed the willingness to become body donators. 
The main reasons for the reluctance to do so included psychological barrier and concern 
for the family. 
Conclusions: Most of students who responded to the questionnaire support the idea of 
body donation for educational and scientific purposes after death, yet they appear to be 
more willing to donate their organs for transplantation than their bodies for educational 
or scientific purposes after death. There are numerous factors which influence students’ 
attitude to body donation. More emphasis should be put on educating students, which 
could contribute to changing their attitude toward that altruistic act, and in consequence 
may increase the number of donors in the future. (Folia Morphol 2023; 82, 4: 921–931)

Key words: whole body donation, students, physiotherapy, nursing, cadaver, 
anatomy
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INTRODUCTION
Anatomy is a specific course in the curriculum, 

as it allows to gain thorough knowledge of human 
body structures. It provides the basis without which 
it is not possible to fathom many fields of clinical 
medicine, in particular those related to conducting 
medical procedures [9, 14, 17, 46]. Human body is 
the most perfect atlas of human anatomy. Donation 
of organs and of the entire body constitute two most 
significant altruistic acts, which significantly influence 
the future of medicine [12]. Cadaver dissection classes 
in prosectorium constitute the first part of encounters 
of students with medical sciences. In many countries, 
voluntary body donation is the primary act, without 
which it is not possible to teach anatomy in lawful 
manner [26]. The authors who conducted studies 
on body donation emphasize that encounters with 
the donor’s body are of utmost importance for the 
student. Body donors are even referred to as first pa-
tients or silent teachers [18, 28]. An important role in 
the entire process of education and in the attitude to 
donors’ bodies is attributed to the ceremonial burials, 
in the course of which students have the possibility to 
personally meet the families of donors [20, 23, 27]. 

Analysing the literature that focused on body 
donation, one can note that a substantial portion of 
such studies is devoted to the attitude of students, 
from both medical and non-medical faculties, to the 
act of donating organs for transplantation [10, 12, 
15, 25, 29, 32, 33, 35, 36, 39, 43, 44, 48], to the 
cadaver dissection for teaching anatomy [2, 6, 24] 
as well as to the attitude towards body donation 
among university staff [4, 5, 13, 38, 47], or among 
the elderly [31]. There are but a few studies that deal 
with the attitude to whole body donation after death, 
particularly among the students who do not plan to 
become medical doctors. 

In Poland, cadavers for student and post-graduate 
training in medical universities are obtained from 
donors registered in cadaver donation programmes. 
Those donors, when still alive, decided to make body 
donation for educational and scientific purposes to 
a specific medical university [9]. Taking a decision 
about body donation after death for educational 
and scientific purposes is extremely difficult and is 
influenced by numerous factors.

Among the main beneficiaries of conscious body 
donation are students of medical universities, not only 
those from medical departments but also students 
of disciplines that belong under faculties of health 

sciences, such as nursing, obstetrics, physiotherapy, 
or electrocardiology. Anatomy classes in prosectorium 
are important as, unlike a living body, cadavers “do 
not punish for mistakes made” [30]. Experience and 
knowledge gained through necropsy and body dis-
section are more thorough than what can be gained 
by means of three-dimensional atlases, models, or 
virtual reality. As bodies of the “first patients” are so 
important, it is also relevant to find out about the 
attitude of those who are beneficiaries of the altruistic 
act of body donation for educational and scientific 
purposes. While the students of medical departments 
of Polish universities have classes in anatomy only in 
prosectorium environment, students of other medical 
sciences either do not have classes in prosectorium at 
all, or have such classes in a limited scope. Thus, for 
our questionnaire study we selected students who do 
not plan to become medical doctors, and who, when 
studying medical sciences, have a limited contact with 
the prosectorium environment, in order to learn their 
opinions concerning body donation.

As has been underlined above, because students 
are the main beneficiaries of body donation acts, it 
appears substantial to learn about their attitudes to 
body donation. Our study is the first one of such type 
in Poland, and the results obtained may contribute 
to extending the knowledge and attitude of young 
people towards dead human body. Students, as fu-
ture employees of the medical sector, may have an 
important role to play in raising social awareness as 
concerns body donation. 

MATERIALS AND METHODS
The study comprised students of medical sciences 

who do not plan to become medical doctors and 
who are students of the Faculty of Health Sciences in 
Katowice, Medical University of Silesia in Katowice, 
Poland. For the purposes of the study reported here, 
two fields of study have been selected, which differ 
as to the amount of hours to be spent in dissecting 
room during classes: nursing with the total of 35 
hours of anatomy classes, including 4 classes in the 
dissecting room, and physiotherapy, with 60 hours of 
such classes, including 50 hours of anatomy lessons 
in the prosectorium with cadavers.

A proprietary questionnaire was used for the 
purpose of the study, it was voluntary to fill the 
questionnaire which was anonymous. The question-
naire contained questions in two parts: the first one 
referred to classes in the dissecting room and their 
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importance in learning anatomy, the second one 
referred to the programme of Conscious Body Dona-
tion, attitudes towards the body in prosectorium and 
the approach to body donation for educational and 
scientific purposes. The link to the questionnaire was 
sent to the total of 365 students of the first year, in 
the abovementioned fields of study, who completed 
the entire course in anatomy and who were about 
to take the exam in this subject. 

The study received approval of the bioethics com-
mittee of the Medical University of Silesia in Katowice 
(No. KNW/0022/KB/53/18). 

Statistical analysis

The results obtained with the use of questionnaire 
were statistically analysed with the application of 
TIBCO Statistica® 13.3 software. Descriptive statistics’ 
calculations were made. The statistical difference 
among groups was accessed using chi-square tests. 
The threshold assumed for statistical significance 
was p < 0.05. 

RESULTS
The study group comprised 128 students, 67 of 

them studied nursing (67 females) whereas 61 stud-
ied physiotherapy (43 females and 18 males), which 
equals to 52.34% and 47.66% in percentage terms, 
respectively. Women constituted the majority of re-
spondents, due to the female gender predominance 
in those fields of studies. The average age in respec-
tive groups was 19.94 ± 0.34 years of age in case 
of nursing and 19.93 ± 0.25 years of age in case of 
physiotherapy. 

In both groups, the most often declared  religion 
was the Roman Catholicism, in case of 80.6% students 
of nursing and 68.5% students of physiotherapy, 

respectively. As regards religion, the second most 
popular response was “not religious” (nonbeliever/
atheist/agnostic), with 17.91% and 18.03% declaring 
it, respectively. In answering the question “What or 
who do you consider human body to be after death?” 
students from both fields of study frequently selected 
the answer “A being that lived once” — 53.73% and 
49.18%. Physiotherapy students statistically signifi-
cantly more often indicated “inanimate object” — 
6.56% or “container for soul” — 11.48% (p = 0.01, 
p = 0.05). Sadly, it has to be stated that as many as 
5 ladies studying nursing selected the response in 
which the cadaver was labelled as “organic waste”. 
Students agree that classes in the prosectorium are re-
ally needed in the course of anatomy. Such a response 
was provided by as many as 88.06% of the students 
of nursing and 95.08% of students of physiotherapy. 
The remaining students expressed no opinion in that 
matter. It needs to be stressed that none of the stu-
dents in both fields of study responded as “definitely 
not needed”. As in case of anatomical preparations, 
as many as 73.13% of the students of nursing and 
73.38% of the students of physiotherapy considered 
them very useful in learning. 

Students, when asked “where do the cadavers 
used in body dissection classes come from?” in the 
majority of cases (80.6% of nursing students and 
93.44% of physiotherapy students) selected the 
response “they come from those who consciously 
donated their bodies to the university, when still 
alive”. Unfortunately, students of nursing provided 
incorrect answers above the threshold of statistical 
significance, indicating that the cadavers are those 
of prisoners who died in prisons (p < 0.001; Table 1). 
Among the respondents, 83.58% of nursing students 
and 73.77% of physiotherapy students replied that 

Table 1. Do you know where the cadavers used in body dissection classes come from? — opinions of students of nursing (n = 67) 
and physiotherapy (n = 61)#

Origin of cadavers used in body dissection classes  
in prosectorium

Number of respondents selecting a given response P*

Nursing Physiotherapy

They come from those who consciously donated their bodies  
to the university, when still alive

54 (80.6%) 57 (93.44%) 0.0164

They are provided by family members after a person’s death 19 (28.36%) 9 (14.75%) 0.0314

They are bodies of unidentified persons (NN) 10 (14.92%) 9 (14.75%) NS

They are bodies of homeless people who do not have families 8 (11.94%) 9 (14.75%) NS

The cadavers are bodies of prisoners who died in prisons 6 (8.96%) 3 (4.91%) < 0.001

The bodies come from social care homes 4 (5.97%) 1 (1.64%) < 0.001

#A multiple choice question; *Chi square test; NS — no statistical significance
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they were aware of the body donation programme. 
The most frequently indicated sources of information 
about body donation in both cases were university 
staff members (69.64% and 62.22%, respectively). 
The students of nursing more often indicated, with 
statistical significance, that also the Internet was their 
source of information in that respect (48.21%) while 
in case of students of physiotherapy such sources 
of information included “other students” (44.4%), 
friends (17.7%) or television (11.11%). In case of 
physiotherapy students, the least frequently selected 
option in responding to this question was “other”, 
e.g. a “radio documentary”. Students agree that the 
most efficient way to convince people about making 
body donation for educational and scientific purposes 
is the testimony of a person who has already made the 
decision about body donation (68.66% and 55.74%, 
respectively). Future physiotherapists more frequently, 
with statistical significance, indicated medical person-
nel (64.18%) as the influencers here, while students 
of nursing pointed out to clergymen (44.26%) and 
celebrities (21.31%) as those who could convince 
them about making a whole body donation. When 
asked about the remuneration for donors or their 
families for making body donation for educational 
and scientific purposes, a majority of respondents 
selected the option “they do not get remuneration” 
with 28% selecting the response “I do not know”. In 
the question concerning ethical assessment of the 
Conscious Body Donation Programme, students from 

both fields of studies provided a positive response, 
in the majority of cases. With statistical significance, 
students of nursing (80.36%) more often selected  
a positive response (p = 0.0143), whereas students of 
physiotherapy indicated the unethical nature of that 
program (31.11%, p = 0.05). Yet another question 
concerned the opinion of students regarding the 
way donors’ bodies are treated in departments of 
anatomy and the way those cadavers are treated by 
students themselves. The respondents were requested 
to assess, using a five point Likert scale, the veracity 
of the following statements: 1. “Donors’ bodies are 
treated properly in departments of anatomy”; 2. “In 
the course of dissection the cadavers are treated with 
due respect”; 3. “The dissected parts and remains of 
corpses are not properly protected after dissection”; 
4. “Donors’ bodies are treated with due respect by the 
students”; 5. “Donors’ bodies may be destroyed by 
students in the course of anatomy classes”. The results 
are presented in the Figure 1. The statistical analysis 
performed for most of the statements revealed no 
significant differences in responses between the rep-
resented fields of study. Only in case of statement 1, 
which concerns proper treatment of cadavers, and 
in statement 3, referring to protection of corpses, 
students of physiotherapy selected the response “it 
is hard to say” more often, with statistical signifi-
cance (p = 0.035; p = 0.025, respectively). In case 
of statements 4 and 5, about treating cadavers with 
due respect and about destroying donors’ bodies by 
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Figure 1. Opinions (%) of students of nursing (Nu; n = 67) and physiotherapy (Phy; n = 61) concerning treatment of donors’ bodies in depart-
ments of anatomy. Explanatory notes: 1. “Donors’ bodies are treated properly in departments of anatomy”; 2. “In the course of dissection  
the cadavers are treated with due respect”; 3. “The dissected parts and remains of corpses are not properly protected after dissection”;  
4. “Donors’ bodies are treated with due respect by the students”; 5. “Donors’ bodies may be destroyed by students in the course of anatomy 
classes”.
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students, physiotherapy students selected the “no” 
and “definitely not” responses statistically significant-
ly more often (p = 0.007, p = 0.035), in comparison 
with nursing students, which — in case of the state-
ment concerning due respect for the body — poses 
a substantial problem that needs to be thought over. 

A clear majority of students from both fields of 
study (58.21% of those studying nursing and 54.1% of 
those studying physiotherapy) believe in life after death; 
however, a statistically significantly higher percentage 
of nursing students, 28.36%, deny the existence of life 
after death (p = 0.006), while 27.7% of physiothera-
py students admit they have not given that question  
a thought (p = 0.021). Students, although young, have 
been wondering about the fate of their bodies after 
death (73.13% of future nurses and 68.85% of future 
physiotherapists pondered upon that). 

The question: “Do you support body donation for 
educational/scientific purposes after death?” received 
a positive answer from nursing students (79.11%) sta-
tistically significantly more often (p = 0.006), where-
as physiotherapy students statistically significantly 
more frequently selected the response indicating they  
had no opinion regarding this issue (24.59%)  
(p = 0.0043) or have not given it a thought yet (16.39%)  
(p = 0.0028). The respondents were also inquired 
about their awareness concerning whether their creed 
approves the body donation act. 56.72% of future 
nurses and 42.62% of future physiotherapists respond-
ed selecting the “I don’t know” answer (p = 0.055).  
A very small percentage of responses from nursing stu-
dents (4.48%) as well as physiotherapy students (8.2%) 
selected the negative response (“no”). When inquired 
about body donation and organ donation after death, 
the respondents provided divergent answers. Students 
of both fields were more willing to donate their organs 
for transplantation (65.67% and 52.46%, respective-
ly) than to donate the entire body for educational/ 
/scientific purposes after death (11.94% and 24.59%, 
respectively). In general, most of the nursing students 
(44.78%) have not pondered upon donating their 
bodies so far. Physiotherapy students, who have more 
hours at the dissecting table, selected a similar answer 
less frequently (19.67%, p = 0.013). The students who 
indicated they were not willing to make a body do-
nation for educational/scientific purposes after death 
were requested to provide their reasons. In the specific 
question asked in the questionnaire, they could select 
more than one response. Students of nursing (n = 27) 
most frequently selected the response: “So that the 

family would not suffer again” (37.04%), or indicated 
fear of necropsy (37.04%) and fear that the cadaver 
may be destroyed by students (33.33%). In case of stu-
dents of physiotherapy (n = 33) the most frequently 
selected response was “psychological barrier” (36.36% 
of respondents). Students of nursing more often indi-
cated, with statistical significance, the “fear of losing 
the chance for eternal life” (p = 0.004), whereas stu-
dents of physiotherapy selected the response option 
of “wasting the body” risk and absence of detailed 
knowledge concerning donation (p < 0.001) (Table 2). 
Also, those persons who declared their willingness to 
become body donors after death were inquired about 
the reasons for making such choice. Students of both 
fields most often selected the response which stated 
the “Awareness of the need for developing medical 
sciences” (Table 3). That response was the option 
most often selected in case of the question asked to 
all respondents, namely “Why, in your opinion, people 
decide to donate the body for educational/scientific 
purposes after death?” (Table 4). Students of nurs-
ing selected twice as often the response indicating 
willingness to help in scientific research, and in en-
hancing education of doctors and medical personnel  
(p = 0.028), whereas in case of physiotherapy stu-
dents, 13% of them selected the response “to avoid 
costs connected with the funeral” and ”to avoid 
the funeral ceremony”. When inquired about who 
can be most efficient in convincing people to make  
a body donation for educational/scientific purposes 
after death, the most frequently selected response 
option was: “People who have already consented to 
make body donation” (68.66% of nursing students 
and 55.74% of physiotherapy students). In response 
to the question: “Does, in your opinion, the attitude 
of the student towards the cadaver during classes 
in prosectorium reflect the future approach of such 
student to the patient?” most of the students from 
both fields provided an affirmative answer (73.11% 
and 62.3%, respectively). No statistically significant 
differences were observed between the fields of study. 
Students asked the question: “Have body dissection 
classes made you change your opinion concerning 
making a body donation for educational/scientific 
purposes after death?” provided a negative answer 
in case of a majority of nursing students (73.13%)  
(p = 0.046), whereas most of physiotherapy students 
(48.19%) selected a response stating that classes in 
prosectorium influenced the way they perceive the 
body donation act (p = 0.006).
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Table 2. Why you do not want to donate the body for scientific purposes after death? — opinions of students of nursing (n = 27) and 
physiotherapy (n = 33)#

Reasons why you do not want to donate the body for  
educational/scientific purposes after death

Number of respondents selecting a given response P*

Nursing Physiotherapy

Concern for the family, so that they would not suffer again 10 (37.04%) 10 (30.30%) NS

I do not want to be dissected (I do not want my body to be cut) 10 (37.04%) 6 (18.18%) 0.0491

Fear that my body will be destroyed by students 9 (33.33%) 7 (21.21%) NS

Psychological barrier 8 (29.63%) 12 (36.36%) NS

Fear that my body will not be treated with due respect 8 (29.63%) 10 (30.30%) NS

Fear that my body will not be property used after death 7 (25.93%) 10 (30.30%) NS

I am not able to state the reason 5 (18.52%) 5 (15.15%) NS

Because I love my body 4 (14.82%) 6 (18.18%) NS

Reluctance of family members 3 (11.11%) 5 (15.15%) NS

I am afraid 3 (11.11%) 7 (21.21%) 0.0148

I believe in life after death 3 (11.11%) 3 (9.09%) NS

Fear of losing the chance for eternal life 2 (7.41%) 1 (3.03%) 0.004

My body can be wasted 2 (7.41%) 4 (12.12%) < 0.001

Lack of thorough knowledge concerning body donation 2 (7.41%) 4 (12.12%) < 0.001

Others:

“I don’t want people to look at my body and put their fingers in me” 1 (3.71%)

“I want my body to be buried shortly after I die” 1 (3.71%)

“I am not dying yet, so I do not think about it” 1 (3.71%)

“The cadavers are destroyed sometimes, so structures are not visible, 
perhaps it also depends on the topics which are discussed during class”

1 (3.71%)

“I just do not want to” 1 (3.03%)

“It’s my body and I want it to stay that way forever” 1 (3.03%)

#A multiple choice question; *Chi square test; NS — no statistical significance

Table 3. Why do you want to donate the body for educational/scientific purposes after death? — opinions of students of nursing  
(n = 8) and physiotherapy (n = 15)#

Reasons why you want to donate the body for  
educational/scientific purposes after death

Number of respondents selecting a given response P*

Nursing Physiotherapy

Awareness of the need for developing medical sciences 7 (87.5%) 12 (80%) NS

I want to feel useful, even after death 7 (87.5%) 9 (60%) 0.0286

To help in developing education of future doctors and medical personnel 7 (87.5%) 9 (60%) 0.0286

To prevent the shortage of body donors for scientific purposes 3 (37.5%) 7 (46.67%) NS

To help in medical research, knowledge improvement, science 7 (87.5%) 6 (40%) NS

To express gratitude towards doctors for life and health 1 (12.5%) 4 (26.67%) NS

Not to burden others with the costs of funeral 1 (12.5%) 4 (26.67%) NS

Body donation is the only rational decision for me, and a moral choice 1 (12.5%) 4 (26.67%) NS

To avoid costs connected with the funeral 0 (0%) 2 (13.13%)

To avoid the funeral ceremony 0 (0%) 2 (13.13%)

Because they do not have relatives 0 (0%) 1 (6.67%)

Others 1 (87.5%) 1 (6.67%)

#A multiple choice question; *Chi square test; NS — no statistical significance
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DISCUSSION
The results of our questionnaire study involving 

first year undergraduate students of nursing and 
physiotherapy at the Medical University of Silesia in 
Katowice, Poland make it possible to extend the knowl-
edge concerning awareness and attitudes of students 
towards body donation for educational/scientific  
purposes. No other studies of that kind have been 
conducted in Poland so far. The latest research study 
related to the topic of body donation conducted in 
Poland had the aim of examining donors’ profile [8].

In our study, as in other similar studies, women 
constituted the dominating group [1, 11, 19, 41]. It 
is due to the fact that the fields of study we dealt 
with women dominate. Other authors conducted 
research on groups of students composed mainly of 
men [40, 45]. The age of respondents in our research 
did not exceed 21 years of age, as in case of research 
performed by other authors [7, 19]. Perry and Ettarh 
[40], in their paper reported a much higher percent-
age of respondents 21 years of age. 

The analysis of questionnaires reveals that Cathol-
icism was the dominating religion among students 
in Poland, which reflects the cross-section of Polish 
society in terms of religious beliefs. According to the 
research of other authors, the majority of respondents 
were also Christians, with Catholics prevailing [19, 

41]. There are also studies conducted on students of 
other creeds [1, 3, 21, 37, 42].

Analysing the responses of students, which re-
ferred to the importance of classes in prosectorium, 
it has been found that a clear majority of them con-
sidered such classes to be undoubtedly needed in the 
course of studies at medical universities. It has been 
also found in other studies, in which most students 
considered cadaveric dissections, and thus classes at 
dissection table, to be a significant element of studies 
in normal anatomy [11, 19, 34]. 

Students of both nursing and physiotherapy pos-
itively assessed the usefulness of various sources of 
knowledge concerning human anatomy. In their opin-
ion, anatomical preparations were the most useful 
ones. The study of Vertemati et al. [49] resulted in 
somewhat different responses, which entailed that 
artificial anatomical models are the most useful aids 
for learning anatomy. Azer and Eizenberg [7] inquired 
first year students of medical faculties about the 
same. The answers no doubts, the future medical 
doctors were of the opinion that cadavers prepared 
for learning human anatomy were the most useful 
teaching aids [7].

The knowledge concerning body donation for 
educational and scientific purposes was sufficient 
among Medical University of Silesia students of both 

Table 4. Why, in your opinion, people decide to donate the body for educational/scientific purposes after death? — opinions of stu-
dents of nursing (n = 67) and physiotherapy (n = 61)#

Reasons why people decide to donate the body for  
educational/scientific purposes after death

Number of respondents selecting a given response P*

Nursing Physiotherapy

Awareness of the need for developing medical sciences 57 (85.07%) 44 (72.13%) < 0.001

Willingness to help in medical research, knowledge improvement, science 52 (77.61%) 20 (32.79%) 0.018

They want to feel useful, even after death 47 (70.15%) 37 (60.66%) 0.004

To help in developing education of future doctors and medical personnel 46 (68.66%) 25 (40.98%) 0.016

Body donation is the only rational decision for them, and a moral choice 17 (25.37%) 8 (13.12%) 0.040

To prevent the shortage of body donors for scientific purposes 16 (23.88%) 13 (21.31%) NS

Because they do not have relatives 12 (17.91%) 9 (14.75%) NS

To express gratitude towards doctors for life and health 8 (11.94%) 7 (11.48%) NS

To avoid the funeral ceremony 7 (10.45%) 3 (4.91%) NS

Not to burden others with the costs of funeral 4 (5.97%) 7 (11.48%) NS

To avoid costs connected with the funeral 1 (1.49%) 5 (8.20%) 0.036

Others:

“I did not think about it” < 0.001

“Everyone can have different reasons” 1 (1.64%)

“They want money for it” 1 (1.64%)

#A multiple choice question; *Chi square test; NS — no statistical significance
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nursing and physiotherapy. Most respondents were 
aware of the Conscious Body Donation Programme, 
their main source of information was the Univer-
sity staff. Abbasi Asl et al. [1] obtained similar re-
sults in their study. Mwachaka et al. [37] conducted  
a study involving first year medical students from the 
University of Nairobi, Kenya, which revealed that the 
majority of study subjects have not heard about any 
local programme of body donation after death. In 
another study, conducted in Nigeria, the research-
ers asked medical students about their knowledge 
concerning body donation after death. The research 
conclusion was the most of them had no knowledge 
about it [22].

Body donation for educational and scientific pur-
poses after death plays a significant role in educating 
the future representatives of the health care sector. 
The analysis of results obtained via questionnaire 
studies demonstrated that quite a low percentage of 
students declared willingness to become body donors 
after death. It can also be concluded from the respons-
es of both groups that almost twice as many students 
of physiotherapy (24.59%) in comparison with the 
students of nursing (11.94%) declared readiness to 
become body donors. Similar results were obtained 
by researchers from other countries. This may have 
resulted from more hours devoted to teaching anat-
omy at the dissecting table. Two studies have been 
conducted in Nigeria. In the first, 13% of subjects 
supported body donation after death, with only 4.1% 
declaring the same in the other [3]. In the study in-
volving students of medical university in Kenya, those 
who opted for making a body donation amounted to 
22.2% of subjects [37]. Research by De Gamma et al.  
[21] among South African students indicated that  
a mere 14.7% of students there would agree to make  
a body donation after death. Biljana et al. [11] published  
a paper which reports that only 20% of students from 
the Serbian University of Novi Sad would be willing 
to be body donors. In the study performed in Iran, 
only 25.4% of students would agree to make a body 
donation after death [1]. There were also studies re-
porting quite different results. In India, a study was 
published which reported that a majority of students 
would agree to become body donors [45], a likewise 
declaration was made by 78% of Spanish students 
of nursing [32]. Quiroga-Garza et al. [41] conducted 
their research using students of a Mexican medical 
university as subjects, they also received similar re-
sults, with as many as 63.5% of students declaring 

to make body donation for educational and scientific 
purposes after death. In the study performed by Jen-
kin et al. [29], 82.5% of Australian students declared 
support for organ donation, with only 26.5% being 
positive about body donation. Similar results have 
been obtained by Parsa et al. [39]. 

We compared students’ attitudes towards body 
donation after death with the attitude towards dona-
tion of organs for transplantation. The results demon-
strated that the majority of students, both from the 
field of nursing (65.67%) and physiotherapy (52.46%) 
have the preference for being donors of organs for 
transplantation, rather than making body donation 
for educational and scientific purposes. Those result 
appear to confirm that in Polish society body dona-
tion for the purpose of organ transplantation is more 
publicized and popularized. Researchers from other 
countries obtained similar results [3, 41, 45].

The main reason in case of reluctance to make 
body donation for educational and scientific purposes 
that was provided by physiotherapy students was the 
psychological barrier, whereas the most often cause 
of reluctance among physiotherapy students was 
the concern regarding family; students do not want 
family members to suffer anew. Students’ responses 
given in other studies differed from those provided 
in the study reported here. Saha et al. [45] reported 
the condition of cadaveric dissections as the main 
course of reluctance. De Gama et al. [21] published 
a study which points out to religious beliefs as the 
main reason for reluctance in making body donation 
for educational use after death among South Afri-
can students. Serbs, in the results of their studies, 
noted that most students would not decide to make 
a body donation due to possible lack of respect for 
the cadaver [11].

Students of nursing who were ready to make 
body donation after death would be willing to do so 
mainly because of their awareness of the need for 
development of medical sciences, their willingness 
to help in advancing medical research, knowledge, 
science, as well as fostering the education of future 
doctors and medical personnel. What motivated the 
students of physiotherapy was the awareness that 
medical sciences need to develop. In other studies 
published on that topic, responses were pretty sim-
ilar. De Gama et al. [21] noted that in case of most 
students the decision of becoming a body donor 
is motivated by the eagerness to help in teaching 
anatomy and conducting research. Biljana et al. [11] 
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published quite comparable results, where most peo-
ple provided being of assistance in medical research 
as the main reason, along with being of use after 
death, and helping others.

In our study, the majority (73.13%) of nursing stu-
dents expressed the opinion that classes held in pro-
sectorium have not influenced their attitude towards 
making body donation for educational or scientific 
purposes after death. The responses of physiother-
apy students were different, with more than half of 
them (50.82%) stating that those classes influenced 
their attitude towards body donation. The reason for 
differences in the attitude between students from 
those two fields may be connected with the amount 
of classes at dissecting table, planned in their cur-
ricula. Future physiotherapists definitely have more 
numerous opportunities to use cadaveric dissections 
than future nurses. 

Research that has been published worldwide also 
suggests that classes at dissecting table may influ-
ence the attitude of students towards making body 
donation for educational or scientific purposes after 
death. Perry and Ettarh [40] as well as Cahill and 
Ettarh [16] conducted studies involving students of 
medical universities using three questionnaires: the 
first one was distributed before students began their 
classes in prosectorium, the second one after the first 
class, and the third one after the second class. The 
results of both studies occurred to be similar. Cahill 
and Ettarh [15, 16] noted that before the class was 
held in prosectorium environment, 23.4% of subjects 
were reluctant to become donors, 7.1% definitely 
did not want to be donors, while 31.5% opted for 
becoming body donors after death. Ultimately, in the 
third questionnaire, the results changed significantly: 
reluctance towards making the donation increased 
from 23.4% to 40.2%, definite refusal percentage 
went up from 7.1% to 18.6%. The percentage of 
respondents who would agree to make the donation 
dropped from 31.5% to 19.6% [16]. Perry and Ettarh 
[40] also reported a similar decrease. The willingness 
of persons who before classes at dissection table 
wanted to become cadaver donors (35.1%) ultimately 
dropped to 24.3%, whereas the reluctance to make 
body donation after death increased, from initial 
16.25% to 27% [40]. Martinez-Alarcon et al. [32] 
analysed the attitude of Spanish students of nursing 
towards cremation, burial, and autopsy. They have 
analysed a total of 750 students as regards responses 
given. 71% accept cremations, mainly those who are 

not afraid of body mutilation, 86% of them accept 
autopsies [32]. Singh et al. [48] assessed the attitude 
to body donation among students of nursing coming 
from Nepal. Forty-three per cent of those students 
are prepared to donate their bodies. In the opinion 
of those students, the motivators for donating the 
corpse after death include celebrities, family mem-
bers, as well as lecturers [48].

CONCLUSIONS
In summary, it can be stated that numerous factors 

influence the attitude of students to body donation 
for scientific purposes. More stress on educating stu-
dents is required, which could contribute to changing 
their attitude towards that altruistic act, thus increas-
ing the number of donors in the future.
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Observing anomalies in the origin of the coronary arteries is a rare but recognised 
scenario during coronarography. All the major coronary arteries originating from 
the right sinus of Valsalva is an extremely rare anomaly, its reported incidence 
being 0.008% in angiographic studies. Most coronary artery variations are benign 
and are therefore found accidentally or postmortem. However, some anomalies 
in the origin of the coronary arteries are associated with myocardial ischaemia 
and a higher risk of sudden cardiac death.
Herein, we report a sporadic case of anomalous origin of the coronary arteries, in 
which the right coronary artery, anterior interventricular artery and left circumflex 
artery arise separately from the right sinus of Valsalva, each originating from  
a separate ostium.
Regardless of their low incidence rate, coronary artery anomalies can cause serious 
technical challenges during coronary angiography and percutaneous interventions 
because of the unusual location and course of the artery. Echocardiography, 
computed tomography, and magnetic resonance imaging can be useful in such 
cases. (Folia Morphol 2023; 82, 4: 932–935)

Key words: coronary arteries, ostia, variation, coronarography, 
angiogram

INTRODUCTION
The heart’s blood supply is usually carried via the 

coronary arteries (CAs). Normally, there are two of 
these, the right (RCA) and left (LCA) coronary arter-
ies. The LCA further separates into the left anterior 

descending (LAD) (anterior interventricular artery) 
and left circumflex coronary (LCx) artery. The RCA 
normally originates from the right sinus of Valsalva 
(RSV), and the LCA from the left sinus of Valsalva (LSV) 
[10]. Coronary artery anomalies (CAAs) arise from  
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a wide diversity of congenital variations in the origin, 
course and branches of the CA [2]. Such variations are 
rare, their incidence rate ranging between 0.3% [1] 
and 3.06% [9]. The vast majority of CAAs are benign 
and pose no increase in cardiovascular risk, but some 
rarer CAAs are associated with myocardial ischaemia, 
congestive heart failure, and sudden cardiac death. 
Angina can occur because of obstructive coronary 
artery disease, abnormal origin angulation of the CA, 
or compression between the aorta and the pulmonary 
artery. Detailed knowledge of any possible variation 
of the CA is paramount for all invasive cardiologists 
and cardiac surgeons to ensure the correct diagnosis 
and treatment of CA pathology [11].

The aim of the present report is to describe a rare 
CAA discovered during selective coronary angiogra-
phy and to highlight the immense importance of rec-
ognising such possibilities to preclude complications 
and unfavourable diagnostic and therapeutic results.

CASE REPORT
A rare anomaly was registered when a 57-year- 

-old male presented with stable angina pectoris for  
2 years and no history of syncope. His risk factors were 
arterial hypertension, dyslipidaemia and smoking. The 
resting electrocardiography revealed sinus rhythm, 
left anterior hemiblock and negative T-waves in leads 
V5–V6. Echocardiography revealed mild symmetric 
left ventricular hypertrophy, ejection fraction –60%, 
and no valvular heart disease. The laboratory tests 
were normal. We considered that the patient had  
a high clinical likelihood for obstructive coronary ar-
tery disease because of typical angina at a low level 
of exercise that did not affect from optimal medical 
therapy, and coronary angiography was performed. 

Initially, the RCA was relatively easily engaged with 
a 5F JR3.5 diagnostic catheter, and no significant 
stenosis was visible. Catheterisation of the LCA was 
then attempted with a 5F JL3.5 diagnostic catheter. 
After several unsuccessful attempts, and no vessels 
originating from the left sinus of Valsalva visible, 
the contrast medium was ejected non-selectively 
into the RSV, leading to the visualisation of three 
separate vessels. No left main coronary artery (LCA) 
was demonstrated. Multiple attempts were made to 
cannulate the LAD (anterior interventricular artery) 
and LCX selectively, and we succeeded by using a JR 
catheter for the LAD (anterior interventricular artery) 
and an AR1 for the LCx. After thorough and careful 
catheterisation of each of the three vessels, one of 
them was found to course to the right margin of 
the heart and to supply blood to the right atrium 
and right ventricle; thus, this vessel was named the 
RCA (Fig. 1A, B). The second vessel descended into 
the middle of the heart toward the apex, supplying 
blood to the anterior portion of the interventricular 
septum; therefore, this vessel was labelled the LAD 
(anterior interventricular artery) (Fig. 1A–C). The third 
vessel curved left and posteriorly, surrounding the 
heart, and was deemed the LCx (Fig. 1A, B). The RCA 
was dominant and had no stenosis, the LAD (anteri-
or interventricular artery) had moderate stenosis on 
the distal segment, and the LCx had non-significant 
stenosis proximally. The patient was discharged with 
medical therapy and planned for further investiga-
tions after 3 months.

DISCUSSION
Anomalies in the origin of the CA are rarely report-

ed. Alexander and Griffith [1], in an autopsy study, 

Figure 1. A–C. Coronary angiographic views showing three variant arteries: right coronary artery (RCA), left interventricular (LAD) (anterior 
interventricular artery) and left circumflex artery (LCx) as separate arteries arising from the right sinus of Valsalva.

A B C
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reported a 0.3% mean incidence of CAAs. Lipsett et 
al. [8], in another multicentred autopsy study, found 
a 0.5% incidence rate. In an angiographic study of 
126,595 patients, Yamanaka and Hobbs [12] reported 
a 1.3% rate. Yildiz et al. [13] reported a 1% incidence 
rate in an angiographic study of 12,457 patients. 
According to the angiographic study by Sidhu et al. 
[9], the incidence rate of CAAs is 3.06%. Among the 
various CAAs described, the most common are anom-
alies in the origin of the LCx and LCA [8, 12, 13]. In 
contrast, CAAs involving multiple vessels arising from 
the RSV via separate ostia have been described in 
only a few case reports [4]. Yildiz et al. [13] reported 
all the major CAs arising from the RSV in 0.008% of 
the population. Origins of all three coronaries from 
the RSV, as in our case, were reported by Asciutto et 
al. [3] and Chan et al. [5]. Suspicion for this during 
angiography is based on the detection of an “avas-
cular area” in the anatomical zone of the LCA and 
the absence of collaterals [3]. In some cases, this 
extraordinary origin of all three main arteries cannot 
be detected by angiography, and multidetector com-
puted tomography can be used for correct evaluation 
of the coronary anatomy [3, 5].

Coronary artery anomalies are most commonly 
asymptomatic and are discovered by chance or during 
an autopsy postmortem [1, 6]. Nevertheless, they 
are clinically important owing to their association 
with higher cardiovascular risk and the threat of 
sudden cardiac death [11]. According to Yamanaka 
and Hobbs [12], CAAs can be separated into two 
groups according to their origin and course: benign, 
and potentially serious. An LCx originating from the 
RSV is classed as a benign variation. However, a LAD 
(anterior interventricular artery) originating from the 
RSV is deemed potentially serious [12], especially if it 
courses between the aorta and the pulmonary trunk, 
when it is associated with exercise-induced sudden 
cardiac death [11]. Serious complications could be 
provoked in such cases if angiography is conducted 
by an inexperienced interventional cardiologist; it is 
a technically and logistically demanding procedure. 
Moreover, the management of patients with such an 
anomaly is not clear because guidelines are lacking 
and cases are extremely rare.

Through the literature, several different types of 
classification have been proposed to provide a de-
tailed and precise depiction of CAAs. Angelini et al. [2]  
proposed a thorough and sophisticated approach 
that categorised CAAs on the basis of their origin, 

course, intrinsic anatomy, termination site and anas-
tomoses. According to this classification, our anomaly 
should be classified as A4b2c1 [2]. Another classifica-
tion, more limited and nowhere near as complex, was 
proposed by Dollar and Roberts [7]. This classification 
considers only the number of ostia in the coronary 
sinuses. It has three categories, for one to three ostia 
in the coronary sinus [7].

CONCLUSIONS
Despite their rarity, anomalies in the origin of the 

coronary arteries can pose severe diagnostic, techni-
cal and therapeutic problems during coronary angi-
ographies. Therefore, detailed knowledge of these 
variations is essential for the correct diagnosis and 
treatment of any pathology regarding the coronary 
arteries.
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The individual arterial pattern of the upper limb is considerably variable (11–24%) 
and relevant for intraarterial interventions performed by cardiologists, plastic 
and vascular surgeons, radiologists, anaesthesiologists, transplant specialists, 
orthopaedists and neurosurgeons. Arterial variants in the upper limb result from 
modifications in the maintenance and regression of the initial capillary plexus, 
which forms dominant arterial channels and gradually expands into the growing 
upper limb bud between stages 12 and 21. In this case report we present the 
superficial brachioulnar artery with its external diameter of 3 mm and length 
of 525 mm, and of relevant course in the left upper limb of a 78-year-old male 
Caucasian formalin-fixed cadaver. The superficial brachioulnar artery unusually 
started with the superior part of axillary artery, presented the following five parts: 
axillary, brachial, cubital, antebrachial and palmar, and was finally continuous with 
the superficial palmar arch. The typical ulnar artery was somewhat hypoplastic 
and limited to the forearm. To the best of our knowledge, this is the first report 
in the professional literature to describe the start of the superficial brachioulnar 
artery with the superior part of axillary artery. We conclude the individual arterial 
pattern of the upper limb to be indispensably recognised preoperatively, so as 
to circumvent any unwanted injuries to the superficial brachioulnar artery that 
is considerably large, overlies the antebrachial fascia and supplies the superficial 
palmar arch. (Folia Morphol 2023; 82, 4: 936–942)

Key words: superficial brachioulnar artery, superficial ulnar artery, 
axial artery, arterial variants, variant origin of ulnar artery, upper limb, 
Rodriguez-Niedenführ classification

INTRODUCTION
The arterial supply to the upper limb is derived 

from the subclavian artery and consecutively comprises 
the following arteries: the axillary artery in the axillary 
cavity, the brachial artery in the arm that bifurcates 
in the cubital fossa into the ulnar and radial arteries. 
Both the ulnar and radial arteries traverse the forearm 
and enter the hand to end in the superficial and deep 
palmar arches, respectively. The boundaries between 

the subclavian and axillary arteries, the axillary and bra-
chial arteries, and the brachial and both antebrachial 
arteries refer to the following levels: the outer border 
of rib I, the inferior border of teres major muscle and 
the neck of radius, respectively [1–4, 6, 22–25, 29]. 

Rodriguez-Niedenführ et al. [22–25] proposed the 
comprehensive terminology for arterial variants in the 
upper limb. An atypical origin of the radial artery from 
either the axillary artery in the axillary cavity or the 
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brachial artery in the arm used to be called a “high 
origin of the radial artery” or “high bifurcation of the 
brachial artery”, and now is referred to as the brachio-
radial artery, with the reported incidence of 4.67% to 
15.6% [4, 22–25]. On the other hand, an ulnar artery 
with a high origin that courses over the superficial 
forearm flexor muscles and displays a kind of relevant 
aberrant artery in the arm and forearm is defined as 
the superficial brachioulnar artery (SBUA) [22–25]. The 
incidence of the SBUA ranges from 0.67% to 9.38%, 
with only 0.17% to 2% starting with the axillary artery 
[19]. It may originate from either the axillary artery  
[6, 10, 11, 14, 16, 18, 19, 22–25, 30, 31] or the bra-
chial artery [3, 17, 28, 30, 31], passes deeply in the 
arm, mostly traverses subcutaneously in the forearm 
or rarely underlies the antebrachial fascia, and finally 
ends in the superficial palmar arch. 

The arterial arrangement of the upper limb is 
undoubtedly relevant for intraarterial interventions 
performed by cardiologists, plastic and vascular sur-
geons, radiologists, anaesthesiologists, transplant 
specialists, orthopaedists and neurosurgeons [1–8, 
11, 12, 17, 18, 21, 26, 27]. The incidence of anatomic 
variations of the major arteries of the upper limb 
ranges from 11% to 24% [19]. Failure to recognize 
or appropriately manage the SBUA may result in  
a compromised surgical outcome [8]. Since the SBUA 
usually arches and overlies the antebrachial fascia it 
may inadvertently be mistaken for either a superfi-
cial antebrachial vein or superficial phlebitis, and so 
be injured by presumptive venipuncture [9, 11, 15, 
25, 26, 30]. Such a large subcutaneous artery in the 
forearm is prone to unwanted injury and brings an 
elevated risk of bleeding complications in unexpected 
situations [3, 5, 6, 9, 11, 13, 14]. 

In the present case report we have described the 
unique SBUA — with its external diameter of 3 mm 
and length of 525 mm — which unusually originated 
from the superior part of axillary artery, in the arm 
passed superficially to the median nerve, overlay the 
antebrachial fascia, reached the distal one-fourth of 
the ulnar antebrachial groove, and finally ended in the 
superficial palmar arch. To the best of our knowledge, 
this is the first report in the professional literature to 
describe the origin of the SBUA from the superior 
part of axillary artery.

CASE REPORT
We report on the SBUA, arising from the superior 

part of axillary artery, which was encountered in the 

left upper limb of a 78-year-old male Caucasian em-
balmed cadaver during a routine didactic dissection 
at Department of Normal Anatomy of Ludwik Rydy-
gier Collegium Medicum in Bydgoszcz of Nicolaus 
Copernicus University in Torun in the academic year 
2021/2022. The consecutive course of SBUA was then 
carefully dissected and documented (Fig. 1A–E).

The SBUA passed transitionally throughout its 
course in the arm and forearm, without giving off 
any branches. In the hand it was continuous with 
the superficial palmar arch. In terms of topography, 
the SBUA presented the following five parts: axillary, 
brachial, cubital, antebrachial and palmar. The external 
diameter of the SBUA was 3 mm throughout its course. 

The axillary part of SBUA with its length of 73 mm 
stemmed anteriorly from the superior part of axillary 
artery, some 35 mm proximally to the pectoralis minor 
muscle, just between the medial and lateral roots of 
median nerve. It passed deeply in the axillary cavity, 
as an anterolateral relation of the median nerve. 
On exiting the axilla, the SBUA entered the medial 
bicipital groove.

The brachial part of SBUA with its length of 121 mm  
traversed the medial bicipital groove subjacent to the 
brachial fascia and was positioned both superficial to 
the brachial artery and lateral to the median nerve. 
While descending in the arm, the SBUA gradually 
deviated laterally from the brachial artery. 

The cubital part of SBUA with its length of 79 mm 
assumed the most lateral and superficial position in 
the cubital fossa. It was crossed anteriorly by the 
hypoplastic cephalic vein; the latter together with 
the basilic vein formed the brachial vein. 

The antebrachial part of SBUA with its length 
of 192 mm proceeded superficially since it overlay 
the antebrachial fascia, and followed from radial to 
ulnar, without any concomitant structures. Before 
approaching the ulnar nerve in the distal one-fourth 
of the ulnar antebrachial groove, the SBUA through 
the antebrachial fascia crossed anteriorly the three 
antebrachial flexors: pronator teres muscle, flexor 
carpi radialis muscle and palmaris longus muscle. 
After reaching the end of ulnar antebrachial groove 
the SBUA adopted the course of a typical ulnar artery. 

The palmar part of SBUA with its length of 73 mm  
overlay the carpal tunnel, by passing through the  
ulnar canal of Guyon, along the radial side of  
the pisiform bone. After crossing the ulnar side of the 
hook of hamate bone it directed radially, so as to be 
continuous with the superficial palmar arch.
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It is noteworthy that in the present case both the 
ulnar and radial arteries started typically at the brachial 
artery bifurcation, but the former was somewhat hypo-
plastic. The course of the hypoplastic ulnar artery was 
limited to the forearm alone. Consequently, the ulnar 
artery did not reach the hand, being completely exclud-
ed from the formation of the superficial palmar arch.

DISCUSSION
In order to comprehensively discuss the SBUA its 

following three aspects will successfully be empha-
sized: the embryology, variability and clinical aspects. 

Embryology of the SBUA

In terms of embryology, at stage 12 the upper 
limb bud is solely supplied by an initial capillary 
plexus, which is a derivative of the dorsal aorta. 
The maturation, enlargement and remodelling of 
this initial capillary plexus extends in a proximal to 
distal sequence as the bud of upper limb grows, 
finally resulting in formation of a single vessel, called 
the axial artery [2–4, 23, 29]. The axial artery con-
secutively differentiates into its following four seg-
ments: subclavian and axillary arteries by stage 15,  
the brachial artery extending until the elbow by 

Figure 1. A–E. The consecutive course of the superficial brachioulnar artery through the axillary cavity, arm, cubital fossa, forearm and palm: 
1 — superficial brachioulnar artery; 2 — axillary artery; 3 — lateral root of median nerve; 4 — medial root of median nerve; 5 — median 
nerve; 6 — basilic vein; 7 — hypoplastic cephalic vein; 8 — brachial artery; 9 — ulnar artery; 10 — radial artery; 11 — superficial palmar 
arch; 12 — ulnar nerve; 13 — brachial vein; 14 — deep palmar arch.

A

C

B

D

E
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stage 17 and the anterior interosseous artery by 
stage 18 [23, 27]. 

Formation of the subclavian artery indicates bilat-
eral differences: the left subclavian artery is wholly 
derived from the left seventh intersegmental artery, 
while the right subclavian artery is a derivative of 
three arteries: the right fourth aortic arch, a segment 
of the right dorsal aorta and the right seventh in-
tersegmental artery [27, 30]. The axillary, brachial and 
anterior interosseous arteries traverse the shoulder, 
the arm and the forearm, respectively. The anterior 
interosseous artery ends in the palmar plexus, i.e. the 
primitive deep palmar arch. Due to both an angiogen-
ic sprouting mechanism and remodelling of the initial 
capillary plexus by stage 18 develop the proximal part 
of the radial artery arising from the brachial artery, 
and antebrachial arteries: the median and posterior 
interosseous arteries, followed by the ulnar artery. 
The posterior interosseous artery is destined for the 
extensor compartment of forearm, while the median 
artery accompanies the median nerve and ends in 
the primitive superficial palmar arch. It should be 
emphasized that the radial artery is “youngest”, being 
definitively formed as late as stage 21.

Regression of the distal part of the median ar-
tery results in its disconnection from the primitive 
superficial palmar arch, which by stage 18 is joined 
by the ulnar artery, a branch of the primary ante-
rior interosseous artery. Afterwards, regression of 
the distal part of the anterior interosseous artery 
results in its disconnection from the primitive deep 
palmar arch, which is soon joined by the distal part 
of the primitive radial artery, arising in the middle 
of the brachial artery. After the proximal part of the 
primitive radial artery — referring to the inferior half 
of arm — atrophies, the brachial artery somewhat 
above the ulnar artery origin gives off a short stem 
of the radial artery, which joins the primitive radial 
artery in the cubital fossa and together form the 
radial artery by stage 21. The proximal segment of 
the primary anterior interosseous artery between 
origins of the radial and ulnar arteries is finally in-
volved into the ulnar artery. It is noteworthy that the 
ulnar artery was primarily a branch of the anterior 
interosseous artery, but after the proximal segment 
of the anterior interosseous artery was incorporated 
in the ulnar artery, the anterior interosseous artery 
became a branch of the ulnar artery. The definitive 
arterial pattern of the upper limb is organized by 
stage 21. 

Unlike the modified sprouting theory developed 
by Poteat [20], according to Rodriguez-Niedenführ et 
al. [23], certain capillary vessels maintain, enlarge and 
differentiate into arteries, while the others regress, 
resulting in dominant arterial channels, which form 
the final individual arterial pattern, including anom-
alous arteries. The SBUA results from the embryolog-
ical abnormality, called the superficial brachial artery 
[2, 18, 23]. The superficial brachial artery probably 
develops from branches of the sixth and seventh 
cervical intersegmental arteries, finally stems from 
either the axillary artery or the brachial artery, passes 
deeply in the arm — but superficial to the median 
nerve — and superficially in the forearm. Its superficial 
course with relation to the median nerve may result 
in its entrapment neuropathy [2]. In the forearm the 
superficial brachial artery may end in a four-fold man-
ner. Firstly, it may substitute for the hypoplastic ulnar 
artery and adopts its distal course as the SBUA [11, 
14, 16–19, 22–25, 30, 31], described in the present 
case report. Secondly, the superficial brachial artery 
adopts a typical radial artery as the superficial bra-
chioradial artery [13]. Thirdly, the superficial brachial 
artery may bifurcate and contribute to the superficial 
brachioulnoradial artery [23]. Fourthly, the superficial 
brachial artery adopts the superficial brachiomedian 
artery [23].

Variability of the SBUA

The variability of the arterial tree in the upper limb 
was unequivocally unified by the Rodriguez-Nieden-
führ classification [23]. Anomalous arteries are named 
after a combination of their topography and ending, 
and their deep or superficial position as superficial 
brachial, superficial brachioradial, superficial bra-
chioulnar, superficial brachioulnoradial and superficial 
brachiomedian arteries. All these anomalous arteries 
are formed as late as the arrangement of the brachial 
artery is definitively achieved, i.e. stage 17 onwards 
[4, 23]. 

In the professional literature, the SBUA was pre-
cisely described in human cadavers by anatomical 
dissection [3, 5, 6, 16, 17, 22, 24] and in a minority 
in embryos by three-dimensional reconstruction [23, 
25] and in living subjects by angiography [30], Dop-
pler ultrasound [16] and raising of antebrachial flaps  
[5, 21]. Typically, the SBUA originates from either the 
inferior part of axillary artery just below the subscapu-
lar artery [9, 11, 14, 16, 18, 19, 22–25, 30, 31] or from 
the proximal half of brachial artery [3, 10, 17, 31].  
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Sporadically, the SBUA may stem from the middle 
part of axillary artery [7, 10, 19]. After reviewing the 
professional literature, we failed to find the SBUA 
arising from the superior part of axillary artery, as 
presented in this case report. Thus, to the best of our 
knowledge, this is the first report in the professional 
literature to present the SBUA, which originates from 
the superior part of axillary artery.

After originating from the axillary artery, the SBUA 
underlies the brachial fascia, crosses in front the me-
dial and lateral roots of median nerve, and afterwards 
descends superficially to the median nerve, as does 
the SBUA originating from the brachial artery [25]. It 
is usually subjacent to the bicipital aponeurosis, less 
commonly overlies it, and sporadically perforates it 
to assume an epifascial position in the forearm [25]. 
The SBUA crosses superficially the common flexor 
tendon, usually overlies the antebrachial fascia and 
sporadically underlies it to eventually adopt its typi-
cal position in the inferior half of ulnar antebrachial 
groove [25].

Because the SBUA is of great variability, its blood 
supply territory may consequently be highly varia-
ble [3]. The reported overall incidence of the SBUA 
ranges from 1% [30] to 9.38% [5]. As emphasized 
by Rodriguez-Niedenführ et al. [25], the SBUA more 
commonly originated from the brachial artery when 
compared to the axillary artery. The origin of SBUA 
from the axillary artery changed from 0.17% to 2% 
[11, 18, 22–25, 30, 31], while from the brachial ar-
tery was found in 4.2% [25]. The combination of 
bilateral SBUA originating from the axillary arteries 
appears to be extremely rare [6, 10, 11]. Gupta et al. 
[10] found the bilateral SBUA, in both upper limbs 
originating from the middle part of axillary artery. The 
left SBUA unusually underlay the antebrachial fascia 
and sent off a few muscular branches to superficial 
antebrachial flexors, while the right one overlay the 
antebrachial fascia; bilateral arteries were continuous 
with the superficial palmar arch.

Clinical aspects of the SBUA

Vascular anomalies in the arm and forearm tend 
to increase the likelihood of damaging the superficial 
anomalous arteries during surgery [21]. Thus, aware-
ness of numerous arterial variations in the upper limb 
is of great interest to clinicians of different specialties: 
cardiologists, plastic and vascular surgeons, and ra-
diologists for successful interventional and surgical 
procedures — including native arteriovenous fistulae 

for dialysis — anaesthesiologists for monitoring vital 
signs during invasive procedures and in the intensive 
care unit, orthopaedists and neurosurgeons while 
performing surgery in the carpal tunnel or the ul-
nar canal of Guyon. The use of antebrachial arteries 
for coronary artery bypass grafting indispensably 
requires accurate knowledge of the pattern and ex-
tent of anomalous vessels, including the SBUA [10]. As  
a pulsatile vessel, the SBUA may easily be diagnosed 
preoperatively by careful palpation, and its course 
may precisely be confirmed by vascular Doppler ul-
trasound [3, 5]. The SBUA in the forearm gives off 
several adequate fasciocutaneous branches, on which 
a fasciocutaneous flap, similar to a radial forearm flap, 
may be raised with safety [5, 9, 11, 21]. Otherwise, 
when raising forearm flaps in reconstructive surgery 
any accidental damage to the SBUA can seriously 
jeopardize hand circulation [5]. The usefulness of 
the flap with the SBUA lies in it uncomplicated dis-
section, preservation of both antebrachial arteries, 
and thus circumventing any vascular compromise to 
the upper limb [22]. An understanding of anomalous 
antebrachial arteries prerequisites the creation of 
autogenous fistulae in patients undergoing haemo-
dialysis [10, 12]. During the surgical creation of an-
other arteriovenous fistula from a transposed basilic 
vein in a patient with the radial artery occluded due 
to thrombosis of a previously performed radioce-
phalic fistula Frunze et al. [7] found the SBUA to be 
closely related to the course of the basilic vein. Had 
these authors ligated the SBUA during preparation 
of the basilic vein, a blood flow to the palmar arches 
would have been stopped completely, causing hand 
ischaemia. The presence of the SBUA may lead to 
accidental intraarterial injection or misinterpretation 
of angiographic images during surgical procedures 
in the upper limb [10].

CONCLUSIONS 
While surgery in the upper limb is required, the 

individual arterial pattern should indispensably be 
recognised, so as to circumvent any unwanted inju-
ries to the main supplying artery of unusual course 
like the SBUA.

The SBUA is a transitional vessel in the arm and 
forearm that substitutes for the distal part of the 
typical ulnar artery and is continuous with the su-
perficial palmar arch.
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The ability to navigate the complex and often deceptive branching patterns of the 
internal iliac artery can be decisive in planning and performing surgeries within 
the lesser pelvis. The following case report presents a peculiar quadruple division 
of the internal iliac artery, accompanied by a venous anastomotic structure. Apart 
from the posterior and anterior trunks, the superior vesicle and iliolumbar arteries 
arose independently from the internal iliac artery. The division was surrounded by 
a venous oval, compressing certain branches and potentially complicating surgical 
access. Due to the uncommon course of the internal iliac artery and the presence 
of the anastomosis, a possible nerve root compression has been identified. Both 
clinical significance and classification method of the case are discussed. Knowledge 
of this anatomical variation is valuable for both diagnosis and surgery, especially 
within the specialties of urology, gynaecology and general surgery. (Folia Morphol 
2023; 82, 4: 943–947)

Key words: anatomical variations, internal iliac artery, case report

INTRODUCTION
The internal iliac artery (IIA), also known as the 

hypogastric artery, is the main blood vessel supplying 
the walls and organs of the pelvis, the reproductive 
organs, buttocks, muscles of the lumbar region and 
the medial section of the thigh. About 3–4 cm long, it 
is significantly smaller than the external iliac artery [7].  
The IIA arises at the bifurcation of the common iliac 
artery, anterior to the pelvic brim, at the level of the 
L5-S1 intervertebral disc [16]. It descends posteriorly 
to the upper margin of the sciatic foramen, where it 

divides into two branches, the posterior and anterior 
trunks (AT).

The posterior trunk (PT) bends posteriorly and 
passes towards the greater sciatic foramen, exiting the 
pelvis above the piriformis muscle. It most commonly 
gives off three parietal branches, the iliolumbar, lateral 
sacral and superior gluteal arteries, the last-named 
being its termination. The AT passes proximally to the 
piriformis muscle and the sacral plexus until it reaches 
the lower section of the sciatic foramen. It gives rise 
to six visceral branches: the umbilical, superior vesi-
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cal, inferior vesical and middle rectal arteries and, in 
females, the vaginal and uterine arteries. It also gives 
off two parietal branches, the obturator and inferior 
gluteal arteries, the latter being its termination. 

The following case study describes an unusual 
branching pattern of the IIA. Instead of giving rise 
to two main trunks that further divided into its ter-
minations, the IIA divided into four lower calibre 
branches, the iliolumbar and superior vesical arteries 
arised directly from its main trunk. The division was 
encircled by a venous anastomotic structure derived 
from the internal iliac vein. The anastomosis passed 
between the posterior and AT of the IIA, surround-
ing the artery’s division and coming back beneath 
the iliolumbar artery (ILA) before ending its course, 
reaching the external iliac artery. 

Understanding the elusive branching pattern of 
the IIA is invaluable for clinicians, especially gynaecol-
ogists [9]. This knowledge is likely to prove essential 
during surgical procedures in which a certain part 
of the artery needs to be ligated in order to control 
pelvic haemorrhage.

CASE REPORT
A female cadaver 75 years old at death was sub-

jected to routine anatomical dissection for research 

and educational purposes at the Department of Ana-
tomical Dissection and Donation, Medical University 
of Lodz, Poland. During a routine assessment of the 
lumbosacral plexus, an anomaly of IIA branching was 
identified (Fig. 1). 

The lengths and widths of the branches were 
measured using a digital calliper. A detailed analysis 
of the branching pattern revealed an unusual divi-
sion, which has not previously been described to our 
knowledge. Additionally, a venous anastomotic struc-
ture surrounding the division was exposed (Fig. 2). 

The IIA begins its course at the bifurcation of the 
common iliac artery. It is 38.6 mm long and its diameter 
is 7.21 mm. After branching out of the common iliac ar-
tery, it descends medially alongside the posterior pelvic 
wall towards the external iliac vein (EIV). Upon passing 
the EIV it descends towards the pelvic floor for approx-
imately 16 mm before giving rise to its 5 branches: the 
ILA, the superior lateral sacral artery, the PT, the AT, and 
the superior vesical artery (SVA) from which the medial 
umbilical ligament arises. Immediately after branching 
from the IIA, the ILA (7.94 mm) bends upwards and 
runs on top of the anastomosis of the internal iliac 
vein, then passes beneath the EIV and divides into its 
terminations, the iliac and lumbar branches. The uterine 
artery (UtA) begins at the AT 3.12 mm below the origin 

Figure 1. Branching point of a left internal iliac artery seen from the medial perspective. Section of a left internal iliac vein has been resected 
for better exposure; A — point of anastomosis of the EIV (beginning of the venous circle); AT — anterior trunk of internal iliac artery; CIA — 
common iliac artery; CIV — common iliac vein; EIA — external iliac artery; EIV — external iliac vein; IIA — internal iliac artery; IIV — internal 
iliac vein; ILA — iliolumbar artery; ILSA — inferior lateral sacral artery; IPA — interior pudendal artery; MRA — medial rectal artery; MUL —  
median umbilical ligament; OA — obturator artery; ON — obturator nerve; PT — posterior trunk of internal iliac artery; SLSA — superior lat-
eral sacral artery; SVA — superior vesical artery; UtA — uterine artery; UVT — umbilico-vesical trunk.
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of the umbilico-vesical trunk and descends towards the 
uterus. The internal pudendal artery and the middle 
rectal artery share a short (6.09 mm) common trunk, 
which begins at the AT 20 mm below the beginning 
of the UtA and almost immediately bifurcates, creating 
points of origin for the aforementioned vessels. After 
giving off the internal pudendal artery and the middle 
rectal artery, the AT passes anteriorly for 18 mm and 
then bends posteriorly, exiting the lesser pelvic cavity 
between the L5 and S1 spinal nerves and below the 
piriformis muscle to become the inferior gluteal ar-
tery. Further dissection and assessment of the inferior 
gluteal artery ruled out the presence of a sciatic artery. 
The PT arises from the IIA below the AT and descends 
anteriorly. Before exiting the pelvic cavity above the 
piriformis muscle and becoming the superior gluteal 
artery, it gives off the inferior lateral sacral artery 7 mm 
below the superior lateral sacral artery, and the obtu-
rator artery, which arises from the PT directly opposite 
the inferior lateral sacral artery. Further dissection and 
analysis of the obturator artery and the inferior epigas-
tric artery ruled out the presence of a “corona mortis” 
anastomosis [2]. The PT is 4.43 mm in diameter.

The venous anastomotic structure originates from 
the internal iliac vein and is oval. The anastomosis is 
9.48 mm wide and 19.76 mm long and encircles the 
division of the IIA. The PT of the IIA passes through 

the venous circle and descends towards the pelvic 
floor, whereas the AT runs anteriorly, resting on top 
of the anastomosis, pressing it down against the PT. 
Applied pressure forces the PT down, causing it to rest 
on the L5 root of the sciatic nerve (Table 1).

Ethical approval 

The cadavers belonged to the Department of An-
atomical Dissection and Donation, Medical University 
of Lodz, Poland.

Figure 2. Branching of the internal iliac artery surrounded by a venous anastomosis originating from the internal iliac vein. Top-down perspec-
tive; AT — anterior trunk of internal iliac artery; CIA — common iliac artery; CIV — common iliac vein; EIA — external iliac artery; EIV —  
external iliac vein; IIA — internal iliac artery; IIV — internal iliac vein; ILA — iliolumbar artery; ILSA — inferior lateral sacral artery; IPA — 
interior pudendal artery; MRA — medial rectal artery; OA — obturator artery; ON — obturator nerve; SLSA — superior lateral sacral artery; 
UtA — uterine artery; UVT — umbilico-vesical trunk.

Table 1. Measurements of the structures of interest

Structure Length [mm] Width [mm]

Internal iliac artery 38.6 7.21

Anterior trunk 41.97 3.97

Posterior trunk 22 4.43

Iliolumbar artery 7.94 3.12

Uterine artery 84.41 2.22

Umbilico-vesical trunk 27 2

Umbilical ligament 90 1.34

Vesical artery 79.4 1.47

Obturator artery 47.3 1.67

Middle rectal artery 29 1.22

Internal pudendal artery 19.4 1.25

Internal iliac vein anastomosis 19.76 9.48



946

Folia Morphol., 2023, Vol. 82, No. 4

DISCUSSION
Since the pelvic vascularisation is intricate, it is es-

sential for a wide range of specialists such as gynaecol-
ogists, urologists, proctologists and general surgeons 
to understand the possible anatomical variations of 
the IIA to maximise the efficiency of certain procedures  
[3, 5, 11, 14]. Especially in laparoscopic surgery, there is 
a huge demand for precise descriptions of pelvic vascu-
larisation to help preclude iatrogenic injuries [10, 13, 18]. 

The branching pattern described here resembles 
type III in the Balcerzak classification [1] because 
three main branches (AT, PT, ILA) exit the common 
trunk. However, certain nuances such as a SVA aris-
ing directly from the IIA instead of the AT, and two 
sacral lateral arteries, distinguish it significantly since 
none of them are considered in Balcerzak’s system 
[1]. The artery described in the present article has  
a further uncommon anatomical variation: the ob-
turator artery branches out of the posterior division 
of the IIA. Pai et al. [15] estimated the prevalence of  
a similar variant at 8–10%. This has some clinical 
value: during procedures such as embolization or 
ligation of the obturator artery, it is vital for the 
operator to be aware of the possible points of ori-
gins of the vessel. Such knowledge can reduce the 
duration of the procedure and thereby minimise 
potential complications [20].

Since the IIA provides the main blood supply to 
the uterus, it is also crucial in the development of  
a range of uterine pathologies such as adenomyosis 
[17] and uterine fibroids [12]. Both those conditions 
are exacerbated by an excessive blood supply from 
the UtA, which is why UtA embolisation provides ef-
fective treatment. During this procedure, a catheter is 
inserted through the femoral or radial artery into the 
IIA and then into the UtA. It is therefore important 
for the surgeon to have a good understanding of 
the highly variable branching pattern of IIA in order 
to avoid dire complications. For instance, in the case 
presented here, the procedure could prove difficult 
because of the close proximity (3.12 mm) of the UtA 
to the SVA and the difference in vessel diameters: UtA: 
1.72 mm, SVA: 2.2 mm. This could lead to accidental 
insertion of the catheter into the SVA; or puncture 
of the AT, inevitably causing profuse haemorrhage.

Because the IIA follows a sinuous course and is 
close to major nerves, anatomical variations often 
correlate directly with compression syndromes. Con-
ditions such as aneurysms involving a drastic increase 
of the artery’s diameter are the most common causes 

of such pathologies. In a recent case study, de Bruijn 
et al. [6] described a type IA (Balcerzak, 2021) IIA 
containing an aneurysm located between the L5 and 
S1 nerve roots. The location of the aneurysm com-
bined with the artery’s branching pattern elicited 
buttock ischaemia and neurological symptoms such 
as impairment of active knee and plantar foot flexion, 
absent dorsal flexion, and sensitivity disorders below 
the knee, all caused by nerve root compression [6]. 
In the case presented here, owing to the venous 
anastomosis, the PT of the IIA applied considerable 
pressure on the L5 nerve, causing it to deform. It is 
unclear whether this caused any discomfort during 
life, but it certainly aggravated or increased the risk 
of closely-related conditions such as wallet neuritis, 
lotus neuropathy or piriformis syndrome.

Rupture of the IIA and its branches is a rare but 
potentially lethal complication that can occur during 
pregnancy [4, 19]. In a case report describing three 
instances of utero-ovarian ruptures, Ginsburg et al. [8]  
estimate the initial overall mortality at up to 49%. 
However, owing to the rapid development of inten-
sive intraoperative and postoperative treatments,  
a decline to 3.6% has been noted (Table 2) [8].

CONCLUSIONS
In conclusion, variations of the IIA are common 

and it is nearly impossible to classify them compre-
hensively. This underlines the importance of supple-
menting existing classifications with case studies like 
the present one. Preoperative knowledge of anatom-

Table 2. The 2021 Balcerzak classification. “Main vessels”  
include the superior gluteal, inferior gluteal, internal pudendal 
and sciatic arteries (in group V)

Type Description

Group I Main vessels have two points of origin: the first is a single 
branch, the second a common trunk

Subgroup A: Common trunk divides inside the pelvic cavity
Subgroup B: Common trunk divides outside the pelvic cavity

Group II Main vessels have two points of origin: the first is a com-
mon trunk, the second a single branch

Subgroup A: Common trunk divides inside the pelvic cavity
Subgroup B: Common trunk divides outside the pelvic cavity

Group III Main vessels have three points of origin; order of origin is 
irrelevant

Group IV Main vessels have one point of origin; order of origin is 
irrelevant 

Group V Main vessels have four points of origin; additionally  
includes the sciatic artery
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ical variants and their relationships to neighbouring 
structures is crucial in planning and performing sur-
gical procedures on the IIA and in its vicinity.
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The aim of the following study was to present and comprehensively describe  
a case of a bilateral absence of the deep brachial artery (DBA). Furthermore, its 
embryology and clinical significance will also be discussed. 
During routine dissection, a 71-year-old male cadaver with a bilateral abnormality 
in the DBA and its branches was found. The first branch of the brachial artery (BA) 
was found to be the radial collateral artery, which passed behind the radial nerve. 
Furthermore, the middle collateral artery originated distal to the radial collateral 
artery and gave off first a singular, minor muscular branch and then the superior 
ulnar collateral artery. Later, the preceding nutrient arteries of the humerus and 
the deltoid branch consecutively branched off from the middle collateral artery. 
Subsequently, the middle ulnar collateral artery, the inferior ulnar collateral artery, 
the deltoid artery, the radial artery, and the ulnar artery branched off from the 
BA, as adapted in the current knowledge regarding the anatomy of the upper 
extremity. Furthermore, detailed measurements of the distances between the 
mentioned arteries were carried out.
In the present study, a bilateral absence of the DBA was demonstrated. Meta-analy-
sis focusing on the anatomy of this artery has shown how variable its characteristics 
are. However, our case report is the first in the literature to present this extremely 
rare variation. Having adequate knowledge regarding the anatomy of the arteries 
of the proximal arm is of immense importance when performing orthopaedic 
and reconstructive surgeries in this area. (Folia Morphol 2023; 82, 4: 948–952)

Key words: deep brachial artery, arm, upper limb, anatomy, embryology

INTRODUCTION
The deep brachial artery (DBA), according to the 

literature, is considered the largest branch of the 
brachial artery (BA) in the arm. The DBA arises in the 
upper part of the arm on the posteromedial side of 
the BA and then runs in a downward direction, spi-
ralling around the posterior surface of the humerus. 
During its course, the DBA accompanies the radial 

nerve and runs parallel to it along the radial groove. 
It assists in supplying the deltoid, triceps brachii, and 
anconeus muscles. The DBA divides into two branches 
as it reaches either the lateral interosseous septum 
or anterior to this septum. One of these branches is 
the radial collateral artery which, together with the 
radial nerve, passes through the lateral intermuscular 
septum and terminates by anastomosing with the 
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radial recurrent artery. The second branch arising from 
the DBA is the middle collateral artery which anas-
tomoses with the recurrent interosseous artery [11, 
12, 14]. The DBA is involved in periarticular arterial 
anastomosis, which is located around the elbow joint. 

As previously mentioned, the DBA is a branch of 
the BA, which is a continuation of the axillary artery 
(AA). During embryological development, the devel-
oping limb buds are supplied by the intersegmental 
arteries. The primary axial artery develops from the 
lateral branch of the seventh intersegmental artery 
and becomes the BA, which the DBA originates 
from [1]. 

Numerous anatomical variations of the DBA have 
been presented in the literature. As early as 1931, 
Charles et al. [2] created a classification based on 
the origin of the DBA. It consisted of origins such as 
a common origin with the superior ulnar collateral 
artery or the subscapular artery, amongst others. 
Furthermore, reports of double and triple DBAs and 
the complete absence of this artery have also been 
reported [2–5, 13, 17]. 

Variations of the arterial system are frequently 
observed by medical professionals of many distinct 
specialties worldwide and oftentimes influence the 
daily clinical practice in the form of treatment op-
tions [18]. Having appropriate knowledge concern-
ing the variable anatomy of the DBA is of immense 
importance when performing procedures such as the 
lateral forearm flap, cerclage wiring of the humeral 
diaphysis, and open subpectoral biceps tenodesis, 
amongst others [12, 14, 15]. Therefore, the aim of the 
following study was to present and comprehensively 
describe a case of a bilateral absence of the DBA. 
Furthermore, its embryology and clinical significance 
will also be discussed. 

CASE REPORT
During routine dissection, a 71-year-old male ca-

daver with a bilateral abnormality in the DBA and its 
branches was found. Despite the currently adapted 
normal anatomy of the DBA [12, 14], the said vessel 
was absent. 

On the left upper extremity

The first branch of the BA was found to be the 
radial collateral artery, which passed behind the ra-
dial nerve. Furthermore, the middle collateral artery 
originated distal to the radial collateral artery and 
gave off first a singular, minor muscular branch and 

then the superior ulnar collateral artery. Later, the 
preceding nutrient arteries of the humerus and the 
deltoid branch consecutively branched off from the 
middle collateral artery. Subsequently, the middle 
ulnar collateral artery, the inferior ulnar collateral 
artery, the deltoid artery, the radial artery, and the 
ulnar artery branched off from the BA, as adapted in 
the current knowledge regarding the anatomy of the 
upper extremity. Furthermore, detailed measurements 
of the distances between the mentioned arteries were 
carried out. All measurements were taken three times 
by three independent researchers (W.P., P.O., and 
M.B.), and a mean value was established, taking all 
measurements into account.

The distance between the origin of the radial col-
lateral artery and the origin of the middle collateral 
artery was found to be 9.22 mm. The said distance 
was measured over the surface of the BA.

The distance, measured over the surface of the 
radial collateral artery, between the origin of the said 
artery and the origin of the first minor muscular artery 
was found to be 10.28 mm.

The distance, measured over the surface of the 
middle collateral artery, between the origin of the said 
artery and the origin of the minor muscular branch 
was found to be 8.10 mm.

The distance, measured over the surface of the 
middle collateral artery, between the origin of the 
minor muscular branch to the origin of the superior 
ulnar collateral artery was found to be 5.38 mm.

The distance between the origin of the middle 
collateral artery and the origin of the middle ulnar 
collateral artery, measured over the surface of the BA, 
was found to be 15.36 mm.

On the right upper extremity

The branching pattern the aforementioned 
branches was the same as in the left upper limb. 

The distance between the origin of the radial col-
lateral artery and the origin of the middle collateral 
artery was found to be 16.76 mm. The said distance 
was measured over the surface of the BA.

The distance, measured over the surface of the 
radial collateral artery, between the origin of the said 
artery and the origin of the first minor muscular artery 
was found to be 11.11 mm.

The distance, measured over the surface of the 
middle collateral artery, between the origin of the said 
artery and the origin of the minor muscular branch 
was found to be 14.91 mm.
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The distance, measured over the surface of the 
middle collateral artery, between the origin of the 
minor muscular branch to the origin of the superior 
ulnar collateral artery was found to be 13.51 mm.

The distance between the origin of the middle 
collateral artery and the origin of the middle ulnar 
collateral artery, measured over the surface of the BA, 
was found to be 32.64 mm.

The mentioned abnormalities are presented in 
Figures 1 and 2.

DISCUSSION
Multiple studies have discussed the origin of the 

DBA. However, in a meta-analysis conducted by Przy-
bycien et al. [12], it was stated that the said artery 
originated most frequently (92.87%) directly from 
the AA or from the BA. Variations included in this 
cohort were also cases of multiple DBAs (double, tri-
ple, etc.). The pooled prevalence of DBAs originating 
indirectly from the AA or BA was found to be 7.13%, 
where common origins with the subscapular artery, 
the superior ulnar collateral artery, and the posterior 

circumflex humeral artery were included. However,  
a total absence of the DBA is one of the rarest varia-
tions of the said vessel, especially a bilateral absence, 
such as the one demonstrated in the present case re-
port. As mentioned earlier, Charles et al. [2] presented  
a classification system of the various origins of the DBA 
consisting of seven types. Type I is the DBA branching 
out of the BA as a single branch, Type Ia is the DBA 
branching out as a double branch, and type Ib is a tri-
ple branch. The DBA may also share a common origin 
with the superior ulnar collateral artery (type II). The 
DBA originating at the teres major muscle between 
axillary and brachial arteries has been classified as 
type III. Type IV means the DBA branching of the AA. 
The DBA may also branch off as a common trunk with 
the posterior circumflex humeral artery (type V). The 
DBA can originate off the subscapular artery from the 
axillary artery (type VI). The last variation described is 
type VII with the complete absence of the DBA. This 
rare variation was also described by Ciervo in 2001 [3].  
The DBA was absent and replaced by an unnamed tor-
tuous branch running between the coracobrachialis 
and the triceps brachii muscle and then rejoining to 
the classic BA, next divided into the ulnar and radial. 
In this case, the ulnar collateral artery was also absent 
[3, 17]. The present case report demonstrates the 
variation type VII (the DBA is absent). However, to 
the best knowledge of the authors, the present study 
is the first to present a case of a bilateral absence of 
the DBA in the available literature. 

The embryology of the arterial system is incredibly 
complex; however, understanding it is essential in or-
der to explain the variant anatomy of the upper limb. 
During the 12th stage of the embryological period, 
blood vessels course into the developing limb bud. 
The capillary plexus infiltrates the limb primordium 
forming the axial artery and marginal veins. The said 
vessel are responsible for the blood supply of the 
developing limb and terminal plexus of the future 
hand. Subsequently, the brachial, axillary, and anterior 
interosseous arteries develop from the axial artery 
[12, 14, 15]. The axillary and brachial arteries develop 
during the 16th and 17th stage of the embryological 
development [16]. Hence, the variations of the arte-
rial network of the upper limb demonstrated in the 
present case study, occurred in that period. 

Due to the absence of the DBA in the subject de-
scribed in our study, the radial collateral artery and the 
middle collateral artery had an abnormal anatomy. The 
said arteries, both on the left and right upper limb, 

Figure 1. Left upper limb of the said cadaver.
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originated directly off the BA. Furthermore, the supe-
rior ulnar artery originated from the middle collateral 
arteries, rather than from its usual origin, which is 
the BA. This variability of the arterial anatomy of the 
upper limbs might pose problems when performing 
numerous surgical procedures in that area. The lat-
eral forearm flap has increased in popularity and is 
commonly used for covering minor-to-moderate-sized 
defects for which thin and soft skin is needed [10]. The 
main artery supplying this reconstructive flap is the 
radial collateral artery, which is one of the terminating 
branches of the DBA. The present variation demon-
strated in our study can pose problems for surgeons 
performing this flap, especially if they attempt to 
locate the radial collateral artery from its origin, which 
should normally be from the DBA. Furthermore, the 
close proximity of the radial collateral artery to the 
radial nerve, as presented in our case report, may put 
the radial nerve at risk of injury. 

The DBA is also important to take into consideration 
concerning vascular injuries of the BA. The BA has been 
stated to be the most commonly injured artery of the 

upper limb, accounting for 28% of all vascular injuries 
[1, 6]. When evaluating a vascular injury to the BA, it 
is crucial to analyse whether the injury is proximal or 
distal to the DBA as this correlates with ischaemia [9]. It 
is said that if the BA is damaged distal to the origin of 
the DBA at the inferior border of the teres major mus-
cle, the DBA will act as the primary source of collateral 
circulation to the distal extremity. Despite the variable 
arterial anatomy of the proximal upper limbs presented 
in the current case report, the branches of the DBA still 
had a relatively proximal origin, approximately at the 
same level of which a normal DBA would have (being 
the first branch of the brachial artery). 

The cerclage wire technique is generally used as 
a fixation mechanism for a fracture, to stabilise frac-
tures around the prosthetic stem in the presence 
of osteoporosis, to prevent intraoperative propaga-
tion of a fracture, and as an indirect reduction tool, 
amongst others [7]. When inserting cerclage wires 
into the proximal arm, great care must be taken due 
to the risk of damaging the DBA and the accompany-
ing radial nerve [12]. In our case report, the DBA was 

Figure 2. Right upper limb of the said cadaver.
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absent bilaterally, and its terminating branches (radial 
and middle collateral arteries), originated directly 
off the BA at the same level at which a usual DBA 
would have. The radial collateral artery, in both upper 
limbs, coursed beneath the radial nerve, constantly 
being in a very close proximity to it. Therefore, even 
though the DBA is absent in our subject, the risk of 
damaging its terminating arteries would still be as 
high when performing the cerclage wire technique 
in the proximal part of the upper limb. 

CONCLUSIONS
In the present study, a bilateral absence of the 

DBA was demonstrated. Meta-analysis focusing on 
the anatomy of this artery has shown how variable 
its characteristics are [12]. However, our case report 
is the first in the literature to present this extremely 
rare variation. Having adequate knowledge regarding 
the anatomy of the arteries of the proximal arm is of 
immense importance when performing orthopaedic 
and reconstructive surgeries in this area. 
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Persistent hypoglossal artery (PHA) is an embryological vascular variation mostly 
originating from the internal carotid artery. The presence of PHA has been associat-
ed with the incidence of some diseases such as cerebral ischaemia, atherosclerosis, 
and aneurysm. Here, a very rare case of PHA that was discovered incidentally by 
digital subtraction angiography in Turkey is reported. Endovascular stenting was 
not performed for this patient. Also, its clinical importance is discussed. (Folia 
Morphol 2023; 82, 4: 953–956)

Key words: persistent hypoglossal artery, digital subtraction 
angiography, rare variation, vertebrobasilar insufficiency

INTRODUCTION
Presegmental arteries are the carotid-vertebrobasi-

lar anastomoses that supply blood from the internal 
carotid artery (ICA) to the vertebrobasilar system in the 
embryonic period. Four pairs of presegmental arteries, 
which are named for neighbouring structures, arise 
from the primitive ICA: the trigeminal, otic, hypoglos-
sal, and proatlantal intersegmental arteries (Fig. 1). 
After the posterior communicating arteries develop 
and the vertebral and basilar arteries join, these tem-
porary collateral vessels disappear at approximately  
5 weeks of gestation [8]. The first to regress is the otic 
artery, followed by the hypoglossal artery, the trigem-
inal artery, and then the proatlantal intersegmental 
arteries [7]. Rarely, primitive carotid-vertebrobasilar 
anastomoses do not disappear and they persist into 
adult life. Persistent hypoglossal artery (PHA) is the 
second most common anastomosis with an incidence 
of 0.03–0.09% [9]. It has been reported that PHA is 
more common in females and on the left side [3]. PHA 
usually originates from the ICA at the C1–C3 level and 
rarely from the external carotid artery.

CASE REPORT
A 57-year-old male patient presented to our clinic 

with complaints of numbness of the left arm and left leg, 
impaired balance, and severe dizziness. On neurological 

Figure 1. Persistent carotid vertebro-basilar anastomoses. Black 
and green arrows show trigeminal artery, blue arrow otic artery, 
yellow arrow hypoglossal artery and purple arrow indicates proat-
lantal artery. Srinivas et al. (2016) [9] adapted from his work.
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examination, the patient showed no motor function loss 
and his cerebellar tests were normal. The patient reported 
that dizziness increased when standing up and partially 
improved after lying down. Doppler ultrasonography of 
the carotid vertebral artery showed the presence of PHA 
on the right side. Upon detecting 70–99% stenosis of 
the proximal right ICA and 70% stenosis of the proximal 
left ICA along with PHA, imaging with digital subtraction 
angiography (DSA) was planned. DSA revealed PHA on 
the right side and 95% stenosis of the PHA, proximal to 
the right ICA and distal to the bulb (Fig. 2). The patient 

also had atherosclerotic stenosis causing 75% stenosis 
in the proximal left ICA (Fig. 3, Suppl. Video 1). The left 
vertebral artery appeared hypoplastic compared to the 
right-sided PHA (Fig. 4). In addition, widespread ischae-
mic gliotic foci were observed in the supratentorial white 
matter on magnetic resonance images of the patient 
(Fig. 5). Endarterectomy was planned for 95% stenosis 
on the right side of the patient because of anatomical 
incompatibility. Elective endovascular stenting for 70% 
stenosis proximal to the left ICA was scheduled following 
endarterectomy at our centre.

Figure 2. Red arrow shows severe stenosis of the persistent hy-
poglossal artery (PHA), proximal to the right internal carotid artery, 
and distal to the bulb on the right side of the patient on digital sub-
traction angiography imaging; yellow arrow indicates PHA. Green 
arrow shows common carotid artery, blue arrow external carotid 
artery and purple arrow proximal right internal carotid artery.

Figure 3. Red arrow shows stenosis of the left internal carotid 
artery on digital subtraction angiography imaging. Green arrow 
shows common carotid artery and blue arrow external carotid 
artery.

Figure 4. Left vertebral artery appears hypoplastic compared to 
right side persistent hypoglossal artery (PHA). Yellow arrow indi-
cates left vertebral artery, green arrow PHA, blue arrow right inter-
nal carotid artery and white arrow left subclavian artery.

Figure 5. Yellow arrows show diffuse hyperintense millimetric 
ischaemic gliotic foci in the supratentorial white matter on brain 
magnetic resonance imaging T2-FLAIR sequence.
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DISCUSSION
Four criteria have been determined for the diag-

nosis of PHA: 1) the hypoglossal artery originates 
from the ICA as a robust branch at the C1–C3 level, 
2) enters the posterior cranial fossa through the hy-
poglossal canal, 3) joins the basilar artery just be-
yond its origin near the pontomedullary junction,  
4) the posterior communicating artery is either absent 
or not visible on angiography [1]. Vertebral arteries 
may be hypoplastic or aplastic [7]. It was reported 
that the diameter of the anterior condylar foramen 
is normally 6–7 mm, which can increase up to 8 mm 
in the presence of PHA [4]. 

Begg (1961) [see 4] first demonstrated the pres-
ence of PHA on angiographic imaging. PHA is usually 
detected incidentally on imaging studies and is often 
asymptomatic. However, considering the fact that 
anterior and posterior cerebral circulation depends on 
the blood supplied by the ICA, it is crucial to identify 
such a variation before deciding how to perform 
surgical or endovascular interventions [6].

Although PHA is considered an anatomical vari-
ation of embryological origin, cerebral pathologies 
should also be considered because any aneurysm 
may be accompanied by vascular diseases or ath-
erosclerosis [7]. Presence of PHA may be associated 
with abnormal vessel wall structure. Accordingly, as 
reported by former studies, exposure of the basilar 
artery to excessive haemodynamic stress may cause 
the development of aneurysms and arteriovenous 
malformations. Cases associated with ruptured an-
eurysms and arteriovenous malformations have been 
reported in the literature [6].

Persistent hypoglossal artery has also been asso-
ciated with atherosclerotic cerebrovascular disease. 
Atherosclerotic plaque may develop because PHA 
originates from the ICA, causing haemodynamics 
similar to that of the carotid bulb. The presence of 
a plaque in this region is extremely important in 
patients with carotid and vertebrobasilar ischaemia 
because PHA generally supplies most of the posterior 
circulation [6]. Additionally, there are studies in the 
literature showing the presence of posterior cerebral 
artery fenestrations and cerebral infarction with PHA 
[7, 10, 11]. As a matter of fact, areas of atherosclerosis 
and cerebral infarction were observed in the present 
study, which is consistent with the literature data.

Angiography is required before performing ca-
rotid endarterectomy and surgical procedures to the 
skull base region. This is even more important in the 

absence of the vertebral artery, since in that case the 
ICA will be the sole source of cerebral blood supply 
and it will be difficult to maintain cerebral perfusion 
during surgery to this region.

Although the incidence of PHA varies in different 
parts of the world, only 7 cases were reported in Tur-
key based on our literature search [2, 4, 5, 7, 8, 11, 12].  
The fact that so few cases were reported in Turkey 
makes the present case report even more noteworthy.

CONCLUSIONS
While dizziness has many possible causes, it 

should be borne in mind that a rare variation such 
as PHA and vertebrobasilar insufficiency as well as 
carotid artery stenosis, as emerges in this case, may 
also cause dizziness. DSA may be considered for the 
diagnosis of PHA in patients with unexplained dizzi-
ness and impaired balance. We believe that this case 
is representative of a very rare variation and will make 
a valuable contribution to the literature since there 
are few cases reported from Turkey.
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Accessory thoracic muscles in humans are relatively common and it is important 
to draw awareness to their variable presentations and potential clinical implica-
tions owing to their close association with the axilla. Here we report four cases 
of accessory thoracic muscle variations identified in the ethnically diverse whole- 
-body donation population in Northern California (4 out of 48 donors, 8.3%). Of 
these, combined presentations of thoracic accessory muscles were observed in 
two of the donors, one involving bilateral axillary arches and a pectoralis quartus 
on the left and the other a unilateral axillary arch on the left and bilateral pairs 
of pectoral fascicles. In the former, the proximal ends of the left axillary arch and 
pectoralis quartus joined to form a common aponeurosis which inserted onto the 
deep tendon of the pectoralis major; in the latter, the pectoral fascicles originated 
from the surface of the ribs and inserted into the deep surface of the pectoralis 
major muscle. In the other two donors, unilateral axillary arches were observed. 
Our observations illustrate that accessory thoracic muscles, in isolated as well as 
combined forms, are commonplace in the general population. We also describe 
the proposed embryonic origins of these accessory muscles, which may reflect 
their frequent occurrence, and potential clinical implications of these muscles, as 
discussed in literature. (Folia Morphol 2023; 82, 4: 957–962)

Key words: accessory thoracic muscle, axillary arch, pectoralis quartus, 
latissimus dorsi, pectoralis major, cadaver, gross anatomy laboratory

INTRODUCTION
Muscles demarcating the axilla are used as crit-

ical landmarks of the region. An understanding of 
accessory muscles located in this region allows more 
accurate decision making during surgical procedures 
involving lymph nodes in the breast [10, 17, 21]. One 
of the well-known accessory thoracic muscles of this 
class is the axillary arch (AA). The AA, also referred 
to as Langer’s AA [24] or Achselbogen muscle [3], is  
a musculotendinous slip that crosses the axilla anteri-

orly [9]. Typically, the AA originates from the anterior 
boarder of the latissimus dorsi near the base of the 
axilla and inserts onto the deep tendon of the pecto-
ralis major. In some cases it inserts onto the coracoid 
process of the scapula, or onto musculotendinous 
structures near the proximal humerus [9]. The AA 
is one of the more common variations of accessory 
thoracic muscles. In a recent meta-analysis report, 
the prevalence of the AA has been reported as 5.3% 
[23], though it varies among populations [4, 14]. An-
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other frequently reported accessory thoracic muscle 
associated with the axilla is the pectoralis quartus. 
The pectoralis quartus is defined as a muscular slip 
typically originating in the thorax lateral to, or at the 
lateral border of, the pectoralis major, and inserting 
onto the deep pectoralis major tendon, or onto the 
aforementioned insertion sites of the AA [3, 4, 8]. 

Because of their common occurrence and implied 
clinical relevance, accessory thoracic muscles associat-
ed with the axilla warrant close attention. Although 
the AA itself is common, occurrence of bilateral AAs as 
well as additional thoracic accessory muscle variations 
accompanying the AA are less common [4, 23]. In the 
current study we report 4 cases of AA variations iden-
tified among 48 donors (4/48 = 8.3%) of an ethnically 
diverse whole-body donation population. In one case, 
bilateral AAs were accompanied with a left pectoralis 
quartus, and in another a left AA was accompanied 
with bilateral pairs of pectoral fascicles, originating 
from the surface of the ribs and inserting onto the 
deep surface of the pectoralis major. We summarise 
these cases and briefly discuss their proposed origins 
based on the theories described in literature. 

CASE REPORT
All 4 cases of AA variations described below were 

identified in the gross anatomy laboratory for first-
year medical students at the University of California, 
Davis, School of Medicine over a 2-year period (2020 
and 2021). 

Case 1

Bilateral AAs and a left pectoralis quartus were 
identified in an 80-year-old male donor diagnosed 
with cerebral atherosclerosis and vascular dementia. 
The left pectoralis quartus was first noted during the 
dissection of the thoracic region as a slender muscle 
slip embedded within the sub-cutaneous fat. This 
muscle slip attached distally to the superior border of 
the 6th rib superficial to the external oblique, and then 
ran along the inferolateral boarder of the pectoralis 
major, which covered the proximal half of the pecto-
ralis quartus slip (Fig. 1A). In its entirety, the pectoralis 
quartus travelled laterally to the pectoralis minor and 
inserted onto the deep fascia of the pectoralis major 
and measured 12 cm long and 1.2 cm wide near 
its distal attachment. Based on the relative location 
to the pectoralis major and its distal and proximal 
attachments, we classified this accessory thoracic 
muscle as a pectoralis quartus [22]. Its insertion site 

at the pectoralis major was encased in a thick fascia 
to which the proximal end of another muscle slip, 
a left AA, joined (Fig. 1B). Further dissection of this 
fascia revealed that the pectoralis quartus and AA 
were linked via an aponeurosis (Fig. 1C). The source 
of innervation to the pectoralis quartus was found to 
be the medial pectoral nerve, which branched where 
it penetrated the pectoralis minor and extended to the 
pectoralis quartus (Fig. 1C). We did not find clear in-
nervation to the AA as seen for the pectoralis quartus. 

The origin of the left AA was found at the antero-
inferior margin of the tendinous part of the latissimus 
dorsi. The striation of the AA was perpendicular to 
that of the latissimus dorsi, with a defining tendinous 
ridge located between the two (Fig. 1D). The left AA 
measured 8 cm long and 0.6 cm wide at its midpoint. 
In addition, this donor had a right AA. Like the left 
AA, the right AA originated from the anteroinferior 
margin of the tendinous part of the latissimus dorsi 
and inserted onto the fascia deep to the pectoralis 
major (Fig. 1E). Its dimension was 7 cm long and  
0.6 cm wide at its midpoint. Both AAs traversed across 
the axilla anterior to the brachial plexus (Fig. 1B, E).    

Case 2

A left AA and bilateral pairs of thoracic fascicles 
deep to the pectoralis major were identified in an 
83-year-old male donor diagnosed with vascular de-
mentia. The AA was 8 cm long and 0.5 cm wide at its 
midpoint. Like the AAs described in Case 1, this AA 
originated from the anterior margin of the tendinous 
part of the latissimus dorsi, and it inserted onto the 
deep fascia of the pectoralis major (Fig. 2A). In addition 
to the AA, pairs of pectoral fascicles were observed, on 
both the left and right sides, anterior to the pectoralis 
minor (Fig. 2B). These fascicles originated from the 
anterior surface of the ribs and eventually merged into 
the deep fascia of the pectoralis major. The fascicle pair 
on the right originated at the level of the 4th rib and 
ran closely parallel to each other, between which the 
medial pectoral nerve traversed from the pectoralis 
minor to the pectoralis major (Fig. 2C). Both fascicles 
measured 11.5 cm in length. The superior fascicle was 
0.8 cm wide and the inferior fascicle was 0.6 cm wide. 
The fascicles on the left were more distant from each 
other, with the superior fascicle originating at the level 
of the 1st rib and the inferior fascicle at the level of the 
3rd rib (Fig. 2D). The superior fascicle measured 6.5 cm 
in length and 1.0 cm in width, and the inferior fascicle 
was 11 cm in length and 0.7 cm in width.  
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Case 3

A right AA was identified in an 82-year-old female 
donor diagnosed with Alzheimer’s disease (Fig. 3A). 
The arch originated from the anteroinferior margin 
of the tendinous part of the latissimus dorsi. Unlike 
the left AA in Case 1, the muscle fibres of this AA ran 
in parallel and were continuous with those of the 
latissimus dorsi. The arch traversed across the axilla 
anterior to the brachial plexus and inserted onto the 
deep fascia of the pectoralis major. 

Case 4

A right AA crossing anterior to the intercosto-
brachial nerve in addition to the proximal terminal 
branches of the brachial plexus was identified in 
a 71-year-old male donor diagnosed with gastroe-
sophageal adenocarcinoma (Fig. 3B). The AA arose 
from the anteroinferior border of the latissimus dorsi 

tendon, perpendicular to its striation, and inserted 
onto the deep fascia of the pectoralis major near its 
lateral border.

DISCUSSION
Accessory thoracic muscles in humans have been 

reported in the literature for over 200 years [20]. The 
embryonic origins of the AA and pectoralis quartus 
have been discussed by multiple authors based on 
their source of innervation as well as their phyloge-
netic relationships with thoracic muscles found in 
non-human mammalian species [3, 8, 11, 14, 26, 28]. 
One of the frequently cited views is that these acces-
sory thoracic muscles are remnants of the panniculus 
carnosus [2, 8, 11, 16], the cutaneous skeletal muscle 
sheets found in mammals such as cats, dogs, rodents, 
horses and to a certain extent in some primate species 
[11, 12]. Rostrally, the panniculus carnosus attaches 

Figure 1. Case 1: 80-year-old male donor presenting bilateral axillary arches and a left pectoral quartus muscle; A. The left pectoralis quartus 
at the inferolateral boarder of the left pectoralis major; B. A thick fascia encasing the insertion sites of the pectoralis quartus and the axillary 
arch that insert onto the deep fascia of the pectoralis major; C. A closer look of box C demarcated in panel B. An aponeurosis (*) linking the 
pectoralis quartus and the left axillary arch. A branch of the medial pectoral nerve innervates the pectoralis quartus; D. A closer look of box D 
demarcated in panel B. A tendinous ridge (*) is formed where the striation of the axillary arch perpendicularly meets that of the latissimus dorsi;  
E. The right axillary arch; BB — biceps brachii; BP — brachial plexus; LAA — left axillary arch; LD — latissimus dorsi; MPN — medial pectoral 
nerve; PMa — pectoralis major; PMi — pectoralis minor; PQ — pectoralis quartus; RAA — right axillary arch; TDN — thoracodorsal nerve.

A B C

D E
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to the humerus via the fascia deep to the pectoralis 
muscles, and caudally inserts beneath the dermis of 

the back and flank regions [11, 12, 25]. The obser-
vations that accessory thoracic muscles such as the 

Figure 2. Case 2: 83-year-old male donor presenting a left axillary arch and bilateral pairs of thoracic fascicles deep to the pectoralis major;  
A. The left axillary arch; B. Bilateral thoracic fascicles; C. A closer look of the right pectoral fascicles. The medial pectoral nerve travels  
between the fascicles to traverse from the pectoralis minor to the pectoralis major; D. A closer look of the left pectoral fascicles; white  
arrowheads indicate pectoral fascicles; BP — brachial plexus; LD — latissimus dorsi; LAA — left axillary arch; MPN — medial pectoral 
nerve; PMa — pectoralis major; PMi — pectoralis minor.

A B

C D

Figure 3. Case 3 and Case 4: 82-year-old female and 71-year-old male donor presenting a right axillary arch; A. The right axillary arch travers-
ing the axilla; B. The right axillary arch traversing anterior to the intercostobrachial nerve; AArt — axillary artery; BB — biceps brachii; BP — 
brachial plexus; CB — coracobrachialis; ICBN — intercostobrachial nerve; LD — latissimus dorsi; MN — median nerve; PMa — pectoralis 
major; RAA — right axillary arch.

A B
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sternalis, pectoralis quartus, and AA, are often found 
physically connected to each other [1, 4, 7, 8] may 
reflect the close phylogenetic relationship proposed 
between the panniculus carnosus and pectoral mus-
cles [8, 11, 16].

An alternative origin of the pectoralis quartus has 
been also proposed in literature. Based on compar-
ative anatomical studies that show concurrent pres-
ence of the pectoralis quartus and the panniculus car-
nosus in several mammalian species, the view that the 
pectoralis quartus is a segmented portion of the lower 
part of the pectoralis major, not a vestigial rudiment 
of the panniculus carnosus, has been described [3].  
In this view, the pectoralis quartus is considered as  
a variation of the pectoralis major, to a certain extent 
similar to the pectoral fascicles found deep to the pec-
toralis major, which were identified in Case 2 of the 
current report. Deep accessory pectoral fascicles have 
been reported in primates such as chimpanzees and 
bonobos as a common occurrence [18]. In the same 
report, the authors also identified similar accessory 
pectoral fascicles in two human cadavers [18]. Inde-
pendently, an accessory head of the pectoralis major 
muscle has been reported [13]. The bilateral paired 
accessory pectoral fascicles reported in Case 2 of the 
current report appears to be a rarer presentation of 
these muscles since the reports cited above described 
only unilateral accessory pectoral fascicles.

The source of the relatively common occurrence 
of accessory muscles of the pectoralis major and the 
latissimus dorsi may lie in the complex migration pat-
tern taken by their myogenic precursor cells. Recent 
investigation on embryonic origins of the pectoral and 
latissimus dorsi muscles revealed that these superficial 
shoulder girdle muscles arise through the two-step 
process, referred to as the “in-out” mechanism, in 
which the myogenic precursors first migrate into 
the forelimb bud from the thoracic somites and then 
return to the trunk region to complete the muscle 
development [19, 27]. This complex developmen-
tal process may possibly lead to varied migration 
paths among the precursors, giving rise to accessory 
pectoral muscles associated with the pectoral and 
latissimus dorsi muscles.    

Because the accessory thoracic muscles discussed 
above are common in the general population and 
closely associated with clinically important structures 
such as the neurovascular bundles and lymph nodes 
in the axillary region, awareness of their implications 
to medical procedures such as surgery and potential 

chronic conditions is warranted [6, 23]. For instance, 
potential interference of the AA and the pectoralis 
quartus with sentinel lymph node biopsy and axillary 
lymphadenectomy have been discussed [10, 17, 21]. 
Also, compression on the neurovasculature in the 
axilla by the AA may be involved in conditions such 
as a thoracic outlet syndrome [5] and can cause deep 
vein thrombosis [15]. The accessory pectoral muscles 
closely associated with axilla, therefore, have signif-
icant implications for regularly performed surgical 
procedures in the axillary region and chronic condi-
tions affecting the axillary neurovasculature.

CONCLUSIONS
In this report, we examined 48 donors and found 

4 cases of AA (8.3%) in an ethnically diverse donor 
population. Additional thoracic accessory muscles 
were identified, a pectoralis quartus associated with 
bilateral AAs and bilateral paired pectoral fascicles 
associated with a unilateral AA. Since these thoracic 
accessory muscles are in close proximity to the ax-
illary lymph nodes and neurovasculature, the rela-
tively common occurrence of these variations merits 
awareness.
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A 28-year-old male musical student has been presented with visible inability of 
active abduction and extension of the thumbs in both hands beyond the neutral 
position. The student has not been previously diagnosed and claimed no history of 
trauma or surgical procedures in the area of hands and no family history of such 
disabilities. The student remained capable of playing on keyboard instruments on 
high level due to compensation by hyperextension of the interphalangeal joint of 
both thumbs and showed no increased frequency of the injuries or playing-related 
disorders. The ultrasound and magnetic resonance imaging showed complete 
bilateral agenesis of extensor pollicis brevis muscles and was classified as isolat-
ed congenital clasped thumb syndrome. Due to the age of the student and the 
agenesis of the muscles the conservative treatment was deemed inadequate and 
due to high functionality of the student as a musician and unforeseeable results it 
might have on a musician’s career, surgical treatment has been disadvised. (Folia 
Morphol 2023; 82, 4: 963–968)

Key words: extensor pollicis brevis, hand, musician, agenesis, clasped 
thumb

INTRODUCTION
Extensor pollicis brevis muscle (EPB) is one of the 

newest — from an evolutionary point of view — 
structures in the upper extremity. As a separate, inde-
pendent muscle it seems to only exist in humans and 
gorillas [9], which might be one of the reasons behind 
its substantial morphological variability, so much so 
it can have significant differences even between the 
two hands of the same individual [5]. In its standard 
description EPB has its origin on the posterior surface 
of the radius and the adjacent part of the interosse-

ous membrane of forearm, dorsally to the origin of 
abductor pollicis longus muscle (APL). The tendon 
of the EPB passes through the first compartment of 
the extensor retinaculum and has its insertion at the 
posterior surface of the base of the proximal phalanx 
of the thumb [5, 7, 9].

Among most common variations of EPB there are 
differences in size of the belly of the muscle, including 
significant reduction, size and shape of the tendon 
including splitting into multiple collagenous bands, 
separation of the tendon of EPB from the tendon of 

mailto:krzysztof.dabrowski@wum.edu.pl
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APL within the compartment of the Extensor Reti-
naculum, varying degree of fusion with the APL and 
changes in exact location of the insertions [4, 6, 7, 9]. 
Singular authors include also complete duplication of 
the muscle [4], or complete agenesis of the muscle [9];  
however, those statements do not seem to be reflect-
ed in other authors’ work, or sometimes even in those 
same authors studies. 

The matter of function of the EPB proves to be 
a little more complicated than it could be assumed. 
Although it is described to be an extensor of the 
first metacarpophalangeal joint, as the name would 
suggest, the EPB seems to play an important part in 
the abduction of the thumb, function and structure 
of the extensor hood of the thumb and extension of 
the interphalangeal joint of the thumb [5, 10]. And 
yet, at the same time there are authors arguing that 
EPB’s contribution to the mobility of the thumb is so 
limited that its reduction or even full absence should 
not cause significant limitation in function of the 
hand [6] It depends, however, on what can be con-
sidered a „significant” limitation, especially when it 
comes to a profession depending on quick, repetitive 
and precise movements of the hand, thumb included.

CASE REPORT
During data gathering for a different study a 28- 

-year-old male student of musical university has been 
brought to authors’ attention. The student has been 
complaining about straining of the thumbs, espe-
cially during exercises and repertoire requiring wide 
spreading of the hand and the teacher of the instru-
ment have noticed unusual shape and function of 
the student’s hands (Fig. 1). 

A general examination, a face to face semi-struc-
tured interview and an observation of the work with 
the instrument were arranged. Upon general exam-
ination thumbs of both hands showed symmetrical 
limitation of the extension and abduction in active 
movement with inability to surpass the neutral posi-
tion in which the long axis of the proximal phalanx 
of the thumb is more or less parallel to the forearm, 
which the student compensated with near 90 degrees 
overextension in the interphalangeal joints and a very 
strong ulnar adduction of the hand and abduction 
of the fifth finger. Examination of passive movement 
shown a full range of motion without resistance of 
the tissues. Patient denied any history of substantial 
trauma or surgical procedures in the area of the hands 

and wrists and claimed that aforementioned limita-
tion was present for as long as he could remember. 
Family history showed absence of similar limitations 
in close family members, although due to personal 
reasons gathering information on the extended family 
was impossible. 

Interestingly, according to the student, despite 
going through full musical education from the early 
years of the childhood, the teacher at the University 
level was the first one to notice and question the 
described limitation of the hands’ function. 

According to the teacher, the examined student 
does not show any decrease in ability to play com-
pared to his peers and does not show increased fre-
quency of strain or misuse related trauma.

Following general examination and history the 
student has been examined via ultrasound (LOGIQF8 
GE with L6-12, 6–13 MHz probe). The examination 
showed bilaterally a single tendon in the first com-
partment of the Extensor Retinaculum which was 
recognized as belonging to APL. Neither a tendon 
nor a belly of the EPB were found.

For the sake of confirmation a magnetic resonance 
imaging (MRI) was performed with a 1.5T scanner 
(Ingenia, Philips, Eindhoven, the Netherlands) using 
a body coil and a dedicated 8-channel phased-array 
wrist coil (ds Wrist). Three-millimetre thick T1-weight-
ed FSE images without fat suppression of both fore-
arms and wrists were acquired in coronal and axial 
planes (Table 1).

Magnetic resonance imaging showed bilaterally 
sole tendons of APL in the first compartments of 
extensor retinaculum. The muscle bellies of the EPBs 
were absent, their anatomic locations were filled by 
the APL bellies. The remaining forearm muscles were 
unremarkable (Figs. 2, 3). 

DISCUSSION
The matter of morphological variability is one of 

the key aspects of anatomical studies, and not with-
out a reason. Throughout the world medical prac-
titioners learn human anatomy based of textbooks 
and atlases showing standardised, idealised versions 
of each structure and each organ and only some of 
them describe a few most common variations, which 
is often considered an extracurricular material. At the 
same time research shows that substantial proportion, 
in not majority, of clinical malpractice claims within 
surgical specialties is a direct result of operator’s 
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Table 1. Magnetic resonance imaging protocol

TE [ms] TR [ms] NA ST [mm] IG [mm] AT [min]

Forearm coronal 15 280 2 3.5 0.4 1:16

Forearm axial 15 609 2 3 0.3 3:50

Wrist coronal 22 500 3 3 0.3 3:21

Wrist axial 24 540 2 3 0.3 3:41

TE — echo time; TR — repetition time; NA — number of averages; ST — slice thickness; IG — interslice gap; AT — acquisition time

Figure 1. Hands of the student on the keyboard. Despite a position close to neutral a substantial abduction of the first metacarpal bones and 
limited extension of the first metacarpophalangeal joints can be observed. 

Figure 3. Magnetic resonance imaging sections through distal forearms. Absent bellies of extensor pollicis brevis muscles; APL — abductor 
pollicis longus; EPL — extensor pollicis longus.

Figure 2. Magnetic resonance imaging sections at the level of radiocarpal articulation of the right limb (A) and the left limb (B) show bilater-
ally a sole tendon of abductor pollicis longus (APL) in the first extensor compartments. A corresponding section through a normal left wrist of 
another patient is shown for the reference (C); EPB — extensor pollicis brevis; CV — cephalic vein; SRN — superficial branch of the radial 
nerve; RA — radial artery.

A B C
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ignorance regarding morphological variability [6].  
It is safe to assume that situation is similar when it 
comes to conservative treatment as well.

The clinical image observed in the examined stu-
dent seems to fall within a category of a “congenital 
clasped thumb syndrome” (CCTS) which is defined as 
a congenital flexed and adducted thumb caused by 
deformity or agenesis of the muscles of the thumb, 
usually the extensors. In most cases it is diagnosed 
after third month of life, due to natural for infants 
to this age position of thumb within the hand but 
it can also be diagnosed via radiological imaging 
or the autopsy [8, 11, 13]. It is usually observed 
as an accompanying syndrome in serious genetic 
dysfunctions. Subasioglu Uzak et al. [11] observed 
that in 88% of cases CCTS is associated with serious 
deformities related to genetic disorders and mentions 
27 genetic disorders that consistently feature CCTS, 
for example Taee et al. [12] describes a case of CCTS 
in a newborn with sirenomelia. 

Weckesser et al. [14] theorizes that to maintain 
such frequent symmetry CCTS would have to be asso-
ciated with a genetic defect within the zygote before 
first division and suggests its origin in a recessive, 
sex-linked gene since, according to his observation 
supported later by Ghani et al. [2], majority of cases 
are observed in males. 

In cases when CCTS is an isolated deformity, or 
patient’s condition is good enough for CCTS to be 
considered a priority there are treatment options to 
be considered. Most common and most effective 
treatment is a surgical tendon transfer of either EPB 
if possible, or extensor indicis muscle. It is considered 
to have satisfactory results allowing for regaining full 
range of motion and ability to perform everyday tasks, 
and small chance of post-surgery complications. There 
is also an option of conservative treatment of splint-
ing followed by manual therapy. Unfortunately, it 
is considered applicable only in very mild cases and 
with the youngest of patients — Al Smail et al. [1] in 
his case report described a 5 year old girl as too old 
for conservative treatment — it is also considered 
ineffective in cases of complete agenesis of EPB [1, 8]. 

Regarding the case described in this paper, it 
needs to be said that it is a very unique occurrence, 
beginning with full bilateral agenesis of EPB without 
any confirmed family history. Ghani et al. [2] and 
Soubhagya Nayak et al. [9] in their writing acknowl-
edge possibility of complete agenesis of EPB, but also 
state that they have not observed such occurrence in 

their studies. Rousset et al. [7] describes only one case 
when EPB was replaced by a ligamentous band from 
the radial styloid process to the proximal phalanx of 
the thumb [2, 7, 9]. Most described cases of CCTS 
have confirmed family tendency [8, 14], yet that is not 
the case. Another matter is lack of any other visible 
anomalies. As it was stated before, CCTS is usually 
considered a symptom accompanying other genetic 
dysfunctions. According to Ghani et al. [2], in 78% of 
cases of CCTS other dysfunctions are clearly noticea-
ble during general examination and considering exist-
ing research it would not be unreasonable to expect 
the isolated CCTS cases to be related to reduction or 
weakening of EPB rather than full agenesis. That being 
said, Al Smail et al. [1] describes a case of a 5-year-old 
girl with full agenesis of both extensors of the right 
thumb with full stability of the carpometacarpal joint 
of the thumb and lack of any other malformations 
or anomalies. Hong et al. [4] on the other hand de-
scribes a case of a 10-year-old girl with full agenesis 
of abductor pollicis longus, abductor pollicis brevis, 
opponens pollicis and extensor pollicis brevis in her 
right hand and a surprisingly efficient compensation 
by extensor pollicis longus thanks to unusual place-
ment of the insertion on the distal phalanx, which 
allowed the abduction and extension movements to 
reach the neutral position. Hong et al. [4] describes 
function the thumb as “satisfactory”. In this report, 
however, there is a 28-year-old keyboard musician 
that despite visible limitations in movement is capa-
ble of performing at consistently high level and up 
to that point remained undiagnosed due to efficient 
compensation mechanisms which, arguably, qualifies 
for a much better mark than “satisfactory”.

Another surprising factor was the student being 
undiagnosed throughout the primary and secondary 
musical education despite being tutored by multiple 
teachers of multiple instrument, including piano, 
trumpet and church organs which might suggest that 
many teachers on the primary and secondary level do 
not have the basic anatomical knowledge that could 
be helpful in taking care for their students health, 
nor do they give enough attention to their technique 
and biomechanics of their hands as long as the score 
is being played adequately. It was only at the level 
of higher musical education that a teacher has no-
ticed irregularities. It could be due to a very effective 
compensation mechanism of the student, including 
near 90 degrees overextension in the interphalangeal 
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joints and a very strong ulnar adduction of the hand 
and abduction of the fifth finger resulting in a hand-
span of 21 cm in the left hand and 19.5 cm in the 
right between the tips of the first and fifth finger in 
maximal active stretch. Although it is a modest span 
compared to the size of the student’s hands, it does 
not stand out much among his peers. Thanks to that 
the student has been able to consistently perform on 
a high level.

A question can be posed “what can modern 
medicine do in that case”. Considering that the 
examined student’s thumbs were capable of a full 
range of movement when moved passively, it would 
fall under type 1 both in Weckesser’s [14] and Tsuyu-
guchi’s [13] classification, which can be considered 
a mild case of CCTS. Yet both the age of the student 
and the fact of complete agenesis of EPB disqualify 
the idea of treatment through splinting and ther-
apy, especially since such proceedings would ban 
the student from playing for a prolonged period 
of time with little to no reward in sight [1, 8]. It is 
not possible to strengthen an absent muscle. An 
intervention via orthesis or therapy on the present 
muscles were discussed and the authors decided 
against it, seeing as it would carry a risk of disrupt-
ing the compensation mechanism. The authors of 
this paper would also like to make an argument 
against surgical treatment due to foreseeable risks. 
Although in most cases the surgery is safe and brings 
good results, it is important to consider that most 
patients undergoing such procedure are children and 
the criteria for a successful operation fall within the 
spectrum of ability to write and perform everyday 
tasks, not performing piano recitals. The authors 
find no reasons to believe that an invasive procedure 
requiring long convalescence and therapy by design 
could improve a quality of life and career longevity 
of the discussed musician.  

Nevertheless, there are certain risks that need to 
be taken under consideration regarding the student’s 
further career. The full scope of occupational risks 
and diseases of musicians is not yet known and in-
crease of these risks in case of such an unusual case 
is hard to estimate. Henry describes a tendency for 
osteoarthritis to affect the carpometacarpal joint of 
thumb, causing adduction contracture of the thumb 
and — when forced against in everyday use — re-
sulting in hyperextension instability and significant 
deficits in function [3]. It is something to be wary of 

in future management of the examined student since 
described mechanism shares many similarities with 
the student’s compensation mechanism. 

CONCLUSIONS
Considering the brought up arguments, it seems 

reasonable to suggest a close observation and care of 
a trusted medical professional to facilitate early treat-
ment and management of any disorder that might 
occur in the future career and continuous work with 
an instrument teacher in order to choose a repertoire 
that causes the least possible amount of strain. 
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The piriformis muscle (PM) is found in the gluteal region, exiting the pelvis 
through the greater sciatic foramen and dividing it into the suprapiriform and 
infrapiriform foramina. The piriformis works as part of the hip external rotator 
muscle group, and is responsible for rotation of the femur upon hip extension 
and abduction of the femur during flexion of the hip joint. The aim of the present 
report is to describe a very rare case of the primary three-headed PM. To the 
best knowledge of the authors, the said variant has not yet been described in 
the existing literature.
The 71-year-old male formalin-fixed cadaver was subjected to routine dissection. 
After careful removal of the connecting tissue, three separate, primary heads of 
the PM were identified. The lower head of the PM arose from the middle part 
of the sacral bone; 87.56 mm long and 9.73 mm wide. The medial head was 
attached to the internal part of the posterior inferior iliac spine; 121.6 mm long 
and 20.97 mm wide. The upper head was attached to the external part of the 
posterior inferior iliac spine; 78.89 mm long and 23.94 mm wide. All heads 
converged into a common tendon which inserted onto the greater trochanter.
The clinical importance of this work comes down to the fact that the aberrant PM 
may be the reason behind the piriformis syndrome and its associated symptoms. 
Moreover, knowledge regarding the variant anatomy of the PM is of immense 
importance to, e.g. anaesthesiologists performing computed tomography- or 
ultrasound-guided sciatic nerve injection for local anaesthesia, radiologists inter-
preting imaging studies, and surgeons, especially during posterior approaches to 
the hip and pelvis. (Folia Morphol 2023; 82, 4: 969–974)

Key words: piriformis muscle, piriformis syndrome, sciatic nerve, 
anatomy

INTRODUCTION
The piriformis muscle (PM) is located in the gluteal 

region of the pelvis, posteriorly from the hip joint, 

passes through the greater sciatic foramen thus divid-
ing it into two topographic areas: the suprapiriform 
and infrapiriform foramina [5, 7]. The muscle is a part 

https://orcid.org/0000-0002-0501-5645
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of the hip external rotator muscle group, consisting 
namely of: the piriformis, quadratus femoris, obtu-
rator internus, obturator externus, gemellus inferior 
and superior. The piriformis is responsible for rotation 
of the femur upon hip extension and abduction of 
the femur during flexion of the hip joint. 

The possible proximal attachment points for the 
PM are: the anterior surface of the lateral process of 
the sacral bone, the spinal region of the gluteal mus-
cles, the gluteal surface of the iliac bone, the capsule 
of the sacroiliac joint or sacrotuberous ligament [5]. 
The distal attachment of the piriformis is the supero-
medial surface of the greater trochanter of the femur 
[23]. The piriformis muscle is innervated by the nerve 
to piriformis which can originate from the L5-S2 ven-
tral rami, S1-S2 ventral rami or S1-S3 ventral rami [9].

The term “piriformis syndrome” was first intro-
duced by Robinson in 1947 [18]. The condition was 
defined as a type of sciatica caused by an abnormal 
state of PM and probably resulted from a trauma to 
this region. According to Hopayian and Danielyan [8], 
the leading symptoms of the said condition involve: 
pain radiating to the ipsilateral leg (70%), external 
tenderness found close to the greater sciatic notch 
(61%), pain located in the gluteal region (56%), and 
aggravation of pain while sitting (40%). Noteworthy, 
the piriformis syndrome may be confused with sciati-
ca, what in turn may lead to inappropriate treatment 
[6]. Moreover, the female-to-male ratio regarding the 
piriformis syndrome was 75:61 and the mean age of 
patients was 43 years [8].

The piriformis syndrome may exist in correlation 
with the abnormal structure of the PM or its spatial 
relation with the sciatic nerve (SN), whereby the SN is 
compressed by the PM [12]. The variants of this mus-
cle need to be taken into account while performing 
procedures such as computed tomography- or ultra-
sound-guided SN injection for local anaesthesia, inter-
preting medical imaging studies by radiologists, and 
in surgical posterior approaches to the hip and pelvis.

The aim of the present report is to describe  
a very rare case of the previously unreported primary 
(i.e. undivided by a nerve or a vessel) three-headed 
piriformis muscle. Measurements of the width and 
length of each head were taken and included in the 
following article.

CASE REPORT
The 71-year-old male formalin-fixed cadaver was 

subjected to routine dissection at the Department 

of Anatomy, Jagiellonian University Medical College. 
The donor’s height was 180 cm, and weight 107 kg. 
The process was performed by 3 authors (T.K., W.C., 
P.J.), under close supervision of more senior prosectors 
(M.P.Z., J.A.W.). The skin, adipose tissue and fascia 
were removed from the gluteal region on the right 
lower extremity. As the next step, the gluteus maxi-
mus was gently sectioned and after careful removal 
of the connecting tissue, three separate, primary 
heads of the PM were identified. Every measurement 
of the described muscle was made 3 times, using an 
electronic calliper and then the average was calcu-
lated (Fig. 1).

The lower head of the PM arised from the middle 
part of the sacral bone. It was 87.56 mm long and 
9.73 mm wide. The medial head, which was the 
longest, was attached to the internal part of the 
posterior inferior iliac spine. It was 121.6 mm long 
and 20.97 mm wide. The upper head, which was 
the widest head, was attached to the external part 
of the posterior inferior iliac spine. It was 78.89 mm 
long and 23.94 mm wide. All heads converged into 
a common tendon which inserted onto the greater 
trochanter as classically depicted in anatomical text-
books. Unfortunately, the authors were not able to 
identify neither the nerve branches nor blood vessels 
supplying the heads. To the best of our understand-
ing, they arose from the inferior gluteal vessels and 
nerves, though they were inadvertently not preserved 
with the transposition of the gluteus maximus to 
uncover the subgluteal space.

Undivided SN, posterior femoral cutaneous nerve, 
inferior gluteal nerve with inferior gluteal artery and 
vein were visible leaving the lesser pelvis underneath 
the lower head of the PM. The superior gluteal nerve, 
artery and vein exited through the suprapiriform fora-
men over the upper head of the PM. The authors have 
observed neither signs of potential nerve entrapment 
nor nerve or vascular compression in the dissected 
area. The contralateral subgluteal space did not ex-
hibit any anatomical variants. No visible pathology 
was observed on either lower extremity. Regrettably, 
the donor’s medical records indicating any possible 
clinical involvement were not available to the authors.

Ethical concern

All procedures performed in studies involving hu-
man participants were in accordance with the ethical 
standards of the institutional and/or national research 
committee and with the 1964 Helsinki declaration and 
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its later amendments or comparable ethical stand-
ards. The material used for this research was obtained 
from a body donation programme.

DISCUSSION
Anatomical aberrances in the gluteal region are  

a frequent finding. The present study aimed to in-
troduce the primary three-headed PM and discuss its 
embryological basis, as well as, emphasize the clinical 
significance of this finding. To the best knowledge 
of the authors, the said variant has not yet been de-
scribed in the literature. Overall, the PM and the SN 
tend to be aberrant in 16.9% of cases [20].

Embryological considerations

When it comes to the prenatal development, the 
PM is situated close to the coccygeus muscle, glu-
teus maximus and pudendal nerve at approximately  
9 weeks of gestation. The SN runs between the PM 
and the obturator internus. Moreover, an aponeurosis 
is visible between the coccygeus muscle and the PM 
or gluteus maximus at the 20th gestational week [16]. 
The PM tendon resembles a condensation of fibres 
between the 6th and 15th week of gestation. About the 
15th week, the PM tendon merges with the gluteus 
medius tendon. Additionally, the PM tendon forms 
its final insertion in the later development (after the 
15th week) [14].

Sulak et al. [21] characterised the relationship 
between the PM and the SN in fetuses. Two hundred 
SNs of 200 human fetuses (between 9th and 40th ges-
tational weeks) were included in the study. Based on 
gestational ages, the fetuses were categorised into 
four groups: 9–12 weeks, 13–25 weeks, 26–37 weeks, 
and 38–40 weeks. Then, some measurements were 
made, three of them regarded the distance between 
the SN and intergluteal sulcus, greater trochanter 
and ischial tuberosity. All of the distances rose with 
gestational age. There was a statistically significant 
difference between the age groups (p < 0.05) [21]. 

Another measurement involved the connection 
between the bifurcation levels of the SN and the 
popliteal fossa (PF) [21]. The SN was separated: into 
the tibial nerve (TN) and common peroneal nerve 
(CPN) in the PF, into the terminal branch of SN above 
the PF, or at the level of PM in 88.5%, 9.5% and 2%, 
respectively. Furthermore, the SN exited the lesser 
pelvis underneath the PM in 98% of the cases, while 
the remaining variants included the CPN piercing the 
PM and the CPN exiting above the PM [21]. The data 
suggests that the bifurcation levels of SN in fetuses 
are lower than in adults. In the latter group, that 
division happens most often when the SN is located 
in the posterior compartment of the thigh [1]. 

Similarly to the aforementioned case, Kurtoglu 
et al. [11] reported that the level of the SN splitting 

Figure 1. Posterior view of the gluteal region, following removal of the gluteus maximus muscle; 1 — lower head of the piriformis muscle;  
2 — medial head of the piriformis muscle; 3 — upper head of the piriformis muscle; 4 — gluteus maximus muscle; 5 — sciatic nerve.



972

Folia Morphol., 2023, Vol. 82, No. 4

in fetuses is found in 97.5% of cases in the PF. The 
bifurcation was located above the upper border of 
the PF only in one leg from 40 dissected. The fetuses 
incorporated in the said study were between 20th and 
36th gestational weeks [11].

PM variations described in the literature

Żytkowski et al. [26] highlighted that the con-
cept of norm regarding the human body has evolved 
throughout history. The anatomical norm and ab-
normality do not have strict boundaries and thus 
determining whether a certain feature is a variant or 
not can pose a challenge. With almost every estab-
lished anatomical structure comes its variation, which 
does not necessarily impair body functions [26]. The 
most frequent variants of the PM and its surrounding 
structures are described hereafter.

The PM is inherently associated with the SN. To-
maszewski et al. [23] presented a modified system of 
classification of the PM and SN, which regarded the 
relationship between the SN and PM and the way 
the SN exited the pelvis. According to that system, 
the PM described in the present study appears to be 
type A, which is also the most common type, with  
a pooled prevalence estimate of 85.2% [23].  

Nevertheless, PM comprising primarily three heads 
has never been reported in the literature before. 
Natsis et al. [15] described a case with three muscle 
bellies of the PM that were formed due to the passage 
of the CPN and the TN through between the bellies. 
However, the case described herein points towards  
a three-headed PM that was not divided by the neu-
rovascular entities passing right through it. Arifoglu et 
al. [2] reported a case of double PM existing alongside 
double superior gemellus muscle. The SN divided 
within the pelvis and the CPN was present between 
the lower and upper PM, while the tibial nerve was 
located under the lower PM.

What is more, a fusion between the PM and gluteus 
maximus muscle is also a possibility. Arora et al. [3]  
encountered a muscle merging proximally with the 
gluteus maximus muscle and distally with the PM. 
That particular anomaly may impinge on the SN and 
present clinically in the form of pain in the gluteal 
region.

Bifid PM is another variation, classified as type 
B, D, or E, depending on the SN bifurcation [23]. 
Thompson and Visagie [22] described a case where 
a 12-year-old girl had a bifid PM identified 4 months 
after surgery. The surgical procedure was performed 

due to osteoid osteoma located in the acetabular 
roof of the right leg. In this instance, two heads of 
PM were pierced by the CPN and the TN passed below 
the PM, which corresponds to type B of PM [22]. Such 
an anomaly resulted in the iatrogenic injury of the 
CPN, therefore, taking those variations into account 
while operating on a patient is undoubtedly of utmost 
importance. 

Similar to the above-mentioned case, Wun-Schen 
[25] depicted a bipartite PM. Notwithstanding, it was 
the SN that came between the two heads of the PM. 
Moreover, the entrapment of the SN gave symptoms 
such as sciatica, and numbness in the area innervated 
by the CPN. Having corrected the position of the PM, 
the pain was relieved [25].

Last but not least, the PM may also be absent 
altogether in the gluteal region. Brenner et al. [4] 
reported such a case of unilateral absence of PM, the 
inferior gluteal artery was also missing ipsilaterally. 
Possibilities of the disappearance included fusion with 
another muscle, involution due to medical interven-
tion, and true aplasia, with the latter being indicated 
by the authors as the most probable cause.  

Clinical significance of the PM

In addition to the aforementioned clinical infor-
mation regarding the piriformis syndrome, the said 
condition may be treated by a novel method, in-
troduced by Tubbs et al. [24], which proved to be 
attainable in a cadaveric study thus far. The technique 
was performed on 5 adult cadavers and included the 
exposure of the PM in the proximity of the greater 
sciatic foramen. What is more, in order to achieve that 
an incision was performed near the pubic tubercle 
and then underlying adductor muscles, as well as 
deeper obturator muscles, were split. Subsequently, 
a laparoscope was inserted into the emergent canal 
and the SN was identified. As a result, the PM was 
cut which relieved the compression of the SN. Neither 
the SN nor neuromuscular bundles were damaged 
during the procedure [24]. 

The PM is also involved in certain invasive pro-
cedures. Ozisik et al. [17] described a computed to-
mography-guided injection into the PM. The group 
which received that form of treatment consisted of 
10 patients. What is more, one of the patients had 
right PM hypertrophy found on the magnetic reso-
nance imaging. When it comes to the technique, an 
18G needle was placed in the PM and the insertion 
was confirmed with the computed tomography. The 
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methylprednisolone (Depo-Medrol 40 mg/1 vial) and 
bupivacaine (Marcaine 1 amp) were applied to the 
muscular tissue [17]. Concerning the PM features, 
such a precise diagnostic process resulted in the good 
recovery of 9 patients. 

Thorough knowledge regarding the PM’s ana-
tomical variations is also essential in ultrasound-guid-
ed injection. Santamato et al. [19] illustrated the 
usage of botulinum toxin in the treatment of the 
piriformis syndrome. The injection process comprises 
three stages: placing the linear transducer on the line 
connecting the projections of the greater trochanter 
and the ischial tuberosity, then identifying the PM by 
using the probe and consequently, inserting the nee-
dle underneath the close ultrasound surveillance. As  
a result, the patient’s symptoms were alleviated [19].

Furthermore, McLawhorn et al. [13] reported an-
atomical outcomes of direct anterior approach total 
hip arthroplasty, for instance, the violation of the 
PM. During the direct anterior approach an incision 
on the front of the hip is made, and then muscles 
are moved instead of detaching the tendons so as 
to replace the joint. Promptly after the procedure, 
75% (24 out of 32) of the PM tendons were found 
to be intact, whereas a 1-year follow-up showed that 
only 1 patient out of 32 had PM tendon damaged. In 
addition, 22% of hips manifested moderate atrophy 
of the PM [13].

Limitations of the study

The principal limitation of the present study is 
lack of patient’s medical records. Without those, it 
is impossible to determine whether the patient felt 
any discomfort or pain due to the existence of the 
three-headed PM. Furthermore, the anatomical vari-
ant of the PM should be taken into consideration in 
a differential diagnosis concerning pain localized in 
the gluteal region of unknown origin.

CONCLUSIONS
This study presented a case of the primary 

three-headed PM with discussion of its possible em-
bryological basis. To the best knowledge of the au-
thors, the said variant has not yet been described in 
the literature. The clinical importance of this work 
comes down to the fact that the aberrant PM may 
be the reason behind the piriformis syndrome and 
its associated symptoms. Moreover, knowledge re-
garding the variant anatomy of the PM is of immense 

importance to, e.g. anaesthesiologists, performing 
computed tomography- or ultrasound-guided SN 
injection for local anaesthesia.
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The omohyoid is an infrahyoid muscle with two bellies. It is responsible for 
lowering and positioning of the hyoid bone. It is morphologically variable in 
the origin, insertion and morphology of its bellies. Quantitative variations of the 
superior belly of the omohyoid muscle are not common. We present a case of  
a five-headed superior omohyoid, and a short clinical review related to this muscle. 
All the bellies had their origin in an intermediate tendon and were attached to the 
hyoid bone. The volume of its superior part was greater than usual. Knowledge 
of the anatomy of this muscle is important, especially for surgeons operating in 
the anterolateral neck region. (Folia Morphol 2023; 82, 4: 975–979)

Key words: omohyoid muscle, compression, additional head, clinical 
implications, myofascial pain syndrome, plastic surgery, reconstructive 
surgery

INTRODUCTION
The omohyoid muscle (OH) is the long thin mus-

cle that runs obliquely in the lateral cervical region  
[9, 22]. Traditionally, it has two bellies, superior (OMS) 
and inferior (OMI), which are united by an interme-
diate tendon connected to the clavicle by a fascial 
sling [22]. The inferior belly arises and shifts to the 
intermediate tendon from the superior margin of 
the scapula, medial to the scapular notch [14]. The 
superior belly begins in the intermediate tendon and 
is inserted to the inferior border of the hyoid bone. It 
is positioned superficial to the phrenic nerve and bra-
chial plexus and lies superficial to the internal jugular 
vein [19, 29, 30]. The OMS is innervated by terminal 
branches of the ansa cervicalis, but no direct branches 

to the OMI have been found to date [15]. The blood 
supply to the omohyoid comes from the superior 
and inferior thyroid arteries [8, 16]. This article pays 
particular attention to the upper part of this muscle.

The OMS has many anatomical variations in its 
insertion, course and number of bellies [3, 17, 34]. 
A one-sided lack of it has been reported, but this is 
very rare [6, 32, 33]. Sukekawa and Ito [29] proposed 
a classification into several types of superior belly. 
Their type III included an OMS that can consist of 
three to five bellies, but as they admitted, their cases 
of four or five-headed OMs were unclear and were 
speculative [29]. 

The following case describes the separate and 
clear appearance of a five-headed OMS.
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CASE REPORT
During a dissection performed for research and 

didactic purposes at the Department of Anatomical 
Dissection and Donation, Medical University of Lodz, 
we noticed supernumerary heads of the OM. The 
subject of investigation was the neck of a 76-year-old 
male cadaver. The donor had no surgeries in the neck 
area. The dissection was performed by the traditional 
anatomical method [20, 25]. Each belly of the OM 
was thoroughly dissected to visualise its origin and 
insertion. 

In the present case, the OMS was represented by 
five separate heads (Fig. 1), which had origin in the 
intermediate tendon that unites the superior and in-
ferior bellies. At this point, the muscle was 8.19 mm  
wide and 3.96 mm thick. 

All the distinct heads had a distal attachment on 
the inferior border of the hyoid bone. The first head 
was shortest (38.6 mm long). Its width and thickness 

were 2.96 mm and 0.61 mm, respectively, at the point 
of transition to the tendon, which was 2.82 long. 

The second head was little longer than the first 
(39.19 mm). The proximal end of the belly was  
4.53 mm wide (the widest of all five) and 0.69 mm 
thick. The tendon was 2.28 mm long. 

The third head was 46.6 mm long. In the point 
of origin, its width was 2.74 mm and its thickness 
was 0.18 mm (the thinnest of all). Its tendon, which 
was attached to the intermediate tendon, was just 
1.70 mm long. 

The width of the fourth head in its proximal 
part was 1.82 mm; its thickness here was 0.26 mm. 
This head was 51.02 mm long and the tendon was  
3.48 mm. The fifth, final head was the longest of all  
(59.8 mm). Its tendon is also the longest of all (10.99 mm).  
The point of the belly arising from the tendon was 
3.12 mm wide and 0.56 mm thick. 

The inferior belly of the omohyoid was also meas-
ured. Its dimensions were greater than those of the 
OMS. In its distal part the width was 7.68 mm and 
the thickness was 3.89 mm. Its length could be as 
much as 84.16 mm, more than twice as long as the 
first and second bellies. The third head of the OMS 
was 55.4% of the length of the OMI, the fourth head 
was 60.6% and the fifth 71%.

Importantly, we noticed a vague division into two 
main layers of the hyoid muscle, superficial and deep. 
The superficial layer contained the first, second and 
third bellies, while the deep layer was formed by the 
fourth and fifth bellies. We believe that this could be 
an interesting point of departure for researchers in 
future studies on the omohyoid muscle.

An electronic calliper (Mitutoyo Corporation, Ka-
wasaki-shi, Kanagawa, Japan) was used for meas-
urements. Each measurement was obtained twice 
by different researchers with an accuracy of up to 
0.1 mm (Table 1). 

DISCUSSION 
The omohyoideus is formed by myoblasts from 

the cervical myotomes and is the fastest growing 
infrahyoid muscle during fetal life [11]. The extent 
of development of the infrahyoid muscles is very 
diverse [2, 22]. Anderson’s hypothesis was that only 
the superior belly is the true infrahyoid muscle, 
while inferior belly shares its embryology with the 
subclavian muscle. This hypothesis is corroborated 
by the case of clavicular attachment of the OM [28].  
This muscle has the same primordium as the sterno-

Figure 1. Five-headed omohyoid muscle. Neck. Hy — hyoid bone; 
SH — sterno-hyoideus; IT — intermediate tendon of omohyoideus; 
1 — first head of the omohyoideus; 2 — the second head of the 
omohyoideus; 3 — the third head of the omohyoid muscle; 4 — 
the fourth head of the omohyoid muscle; 5 — the fifth head of the 
omohyoideus.
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hyoid muscle, which is probably why they frequently 
merge [18].

The upper part of this muscle is highly variable, 
but the additional heads described are unusual and 
very rare [26, 29]. Some of them have significant 
clinical relevance in many areas, which makes it an 
important and at the same time interesting object 
of research [22].

One of the most common abnormalities of the 
OM is the junction of the OMS with the sternohyoid 
muscle, mentioned earlier [22]. Also, a large part of 
it is cleido-hyoideus, by which the inferior belly is 
attached to the lateral part of the clavicle while the 
superior belly is attached to the lateral part of the 
body of the hyoid bone [3, 14, 22]. These two types 
are part of the classification of variability proposed by 
Kasapoglu and Dokuzlar [12] in 2007 and constitute 
types III and II respectively. Type IV has a superior 
normal belly with fibres received from the sternum. 
Previously, anomalies of this muscle were classified 
into six types by Miura et al. [17], and more than  
a century ago into five types by Loth [see 5]. Sukeka-
wa and Ito [29] in 2005 classified the OMS into four 
types. Our case corresponds to the third type in their 
classification. 

Duplication of this muscle is also not uncommon 
and has been described several times [1, 17, 35]. 
Also interesting is its total absence, which has been 
described by Tamega et al. [32], Bergman et al. [2], 
and Thangarajan et al. [33]. It should be noted that 
this muscle is the most frequently absent of all the 
infrahyoid group [2]. An OMS consisting of several 
heads has probably only been presented previously 
by Sukekawa and Itoh [29].

As mentioned earlier, this muscle often undergoes 
fusion for reasons of embryology [2]. A classical illus-

tration is a combined OM and sternohyoid muscle —  
a sternoomohyoideus [17]. The connections between 
them are very different, as described by Miura et al. 
[12]. The cleidohyoideus originates from the cledoido-
mastoid part of the sternocleidomastoideus [2]. Howev-
er, from a clinician’s point of view, the connection with 
the cervical fascia seems most important [2, 22]. The 
cleidofascialis and hyofascialis are examples of varia-
tions that can impose more tension on the cervical fas-
cia, increasing internal jugular vein (IJV) compression, 
thereby impairing blood flow in this vessel. Moreover, 
this variability presumably affects the occurrence of 
omohyoideus myofascial pain syndrome [23]. 

The omohyoideus is of great interest because of its 
clinical importance [22]. First, it divides the posterior 
and anterior cervical triangles into smaller ones. These 
muscles are the surgical landmark for the IJV, brachial 
plexus, and levels 3 and 4 lymph node metastases 
[12, 13, 24]. Because of this, lack of or a highly vari-
ant course of the OM can be particularly dangerous 
during surgery in the anterolateral neck region. Also, 
because of this close correlation with the IJV, the course 
or contraction of the muscle affects the vessel lumen 
and its haemodynamics [21, 38]. The variability of its 
length is key to this aspect, as a short OM markedly 
increases the compression force on the IJV [21]. As 
noted previously, the area of the OM also contains the 
brachial plexus, which can be irritated by a hypertro-
phied OM [7]. Fibrosis of the OM in specific cases can 
cause torticollis, according to Shih and Chuang [27]. 
Tubbs et al. [34] presented an unusual origin of the OM 
that could significantly affect not only omohyoideus 
function but also cervical spine biomechanics. 

The omohyoid muscle, especially its upper belly, 
is often used in reconstructive and plastic surgery 
[37]. In laryngeal paralysis, surgeons use the OM to 
restore normal function [4]. When a small patch is 
needed for reconstruction, for example in facial rean-
imation surgery, vocal reconstruction, sphincters or 
blink restoration surgery the OMS could be used, but 
more anatomical research on it is needed to optimise 
this process [19]. Surek and Girod [31] described 
the use of the OMS to repair cervical oesophageal 
perforation. The course of the omohyoid muscle is 
also extremely useful during vagus nerve stimulator 
implantation [36].

CONCLUSIONS
We report a case of a five-headed omohyoid 

muscle. Owing to its embryology, the omohyoideus 

Table 1. Measurements of individual heads of the omohyoid 
muscle

1st head 2nd head 3rd head 4th head 5th head

Length 38.6 mm 39.19 mm 46.6 mm 51.02 mm 59.8 mm

Tendon

Length 2.82 mm 2.28 mm 1.70 mm 3.48 mm 10.99 mm

Insertion Inferior border of the hyoid bone

Width 8.19 mm

Thickness 3.96 mm

Origin Intermediate tendon of the omohyoid muscle

Width 2.96  mm 4.53 mm 2.74 mm 1.82 mm 3.12 mm

Thickness 0.61 mm 0.69 mm 0.18 mm 0.26 mm 0.56 mm
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is highly variable. Its location makes it extremely 
important during surgical procedures within the an-
terolateral neck and for the haemodynamics of the 
head and neck veins. Recently, its potential has been 
recognised in plastic and reconstructive surgery, but 
further anatomical and functional studies are neces-
sary to realize its full potential in this area of medicine.
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Partial anomalous pulmonary venous return (PAPVR) is a rare congenital cardio-
vascular condition in which some of the pulmonary veins drain into the systemic 
circulation. We report on the cadaveric dissection of a 71-year-old Caucasian male 
donor who died of chronic obstructive pulmonary disease with hypertension. We 
noted a faint incisional scar on the thorax extending from the parasternal region 
at the 4th intercostal level to the midaxillary line. Since the straight-line incision 
followed the ribs and the scar was quite faint, surgery probably occurred when 
the donor was young. We also observed numerous surgical interventions of the 
heart, lungs, and vasculature to correct various defects.
The morphology of the heart was normal, but was shifted more to the right 
side. An atrial septal defect (ASD) was closed with sutures. The right superior 
pulmonary vein that drained into the superior vena cava (SVC) was ligated close 
to the SVC and the right inferior, left superior, and inferior pulmonary veins all 
drained directly into the left atrium. We noticed a dilated coronary sinus entering 
the right atrium adjacent to the ASD; the ostium of the coronary sinus noticeably 
lacked the normal valve-like structure. We initially thought the right lung was  
a “horseshoe” lung, but realised that it was a “hypogenetic” lung with PAPVR and 
an accessory diaphragm. Compared to the left, the right secondary bronchi were 
much narrower and branched uncharacteristically, as seen in hypogenetic lung 
syndrome. The inferior lobe was highly disorganised, severely hypoplastic, and 
exhibited uncharacteristic morphology. The superior bronchopulmonary segment 
was markedly hypoplastic. The posterior and medial basal segments were not 
only hypoplastic and slender, but also extended like a tail to the left pulmonary 
cavity behind the heart/pericardium and in front of the oesophagus and aorta. 
The right lung, though hypoplastic, demonstrated patent bronchi and the lobes 
were inflatable. Based on the hypogenetic lung and PAPVR, we conclude that the 
donor exhibited ‘scimitar’ lung. (Folia Morphol 2023; 82, 4: 980–987)

Key words: scimitar lung, congenital cardiovascular anomaly, partial 
anomalous pulmonary venous return (PAPVR), partial anomalous 
pulmonary venous connection (PAPVC)
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INTRODUCTION 
Partial anomalous pulmonary venous return 

(PAPVR), additionally recognised as partial anomalous 
pulmonary venous connection (PAPVC), is an inherited 
cardiac circulatory condition; it occurs infrequently 
and results in few, but not all of the pulmonary veins 
emptying into the general circulation, instead of the 
left atrium [19]. Present at birth, PAPVC is a multifac-
eted cardiac defect; it has no known cause, though 
there is a possibly multifactorial origin that includes 
genetic component [31]. Numerous variations of this 
vascular anomaly have appeared in the literature. 
The first description of scimitar syndrome, a variant 
of partial anomalous pulmonary venous drainage 
(PAPVD), appeared in 1836 [3, 4]. This rare, complex, 
congenital anomaly is characterised by abnormal 
pulmonic venous blood flow from the right lung 
shunted into the inferior vena cava (IVC) or right atri-
um via superior vena cava (SVC), thus a left-to-right 
shunt. Hypoplasia of the right lung, dextrocardia, 
malformations of the right pulmonary artery and 
bronchial tree, and abnormal arterial supply of the 
right lung (the so-called pulmonary sequestration) 
are associated anomalies that manifest frequently. 
Atrial septal defect happens in approximately 40% 
of cases with right-sided PAPVR [21]. Classic scimitar 
syndrome consists of hypoplasia of the right lung and 
right pulmonary artery, dextroposition of the heart, 
an abnormal pulmonary vein draining into the IVC, 
and a systemic collateral supply to the lung [3, 4].

In the complete form of the infrequently occur-
ring, inherited abnormality called scimitar (hypoge-
netic) lung, systemic arterial blood flow supplies the 
right lung and its inferior lobe and empties partially or 
totally to the general veinous circulation. Hypoplasia 
of the pulmonary arteries and uncharacteristic bron-
chial branching accompany this disorder [23, 24]. The 
aberrant pulmonary venous return typically includes 
the right side [5]. A rare variation called horseshoe 
lung is often accompanied by vascular abnormalities 
of the hypogenetic lung [10, 17, 33]. 

The blending of posterior basilar segments of the 
right and left inferior lobes involving an incomplete 
parietal pleural deficiency constitutes horseshoe lung, 
which has a frequency that varies from 0.4% to 0.7% 
[11]. Most horseshoe lung cases are associated with 
right lung hypoplasia; approximately 80% are asso-
ciated with PAPVR from the right lung to the IVC or 
right atrium (scimitar syndrome) [20, 37]. In PAPVR, 
one of the abnormal veins from the lung drains into 

general venous circulation, creating a left-to-right 
diversion, rather than normally occurring emptying 
of venous blood from the lung into the left atrium. 
In right-sided PAPVR, an anomalous pulmonary vein 
drains into either the SVC [18], right atrium [13], coro-
nary sinus [22], or IVC [9]. Right upper lobe flow most 
commonly drains into the SVC and the condition is 
often associated with a high sinus venosus atrial septal 
defect near the orifice of the SVC [18]. An accessory 
diaphragm seen in the case reported here is a rare 
congenital anomaly associated with an atrial septal 
defect described in paediatric patients [28, 34] that 
occurs mostly on the right side [5] and is composed of 
fibromuscular tissue with a serosal lining [8]. In all the 
described cases, aplasia or certain extent of pulmonary 
hypoplasia was obvious on the involved side [5].

Embryology of lung development

As normal embryonic development occurs in the 
first 2 months, venous blood from the lungs empties 
into the systemic veins [9] and the common initial 
pulmonary vein develops from a bulge in the dorsal 
wall of the early stage left atrium [9, 11]. As develop-
ment continues, the early-stage lungs attach to the 
common pulmonary vein and the connections that 
allow pulmonary venous return to the systemic veins 
disappear [9, 11]. Thus, the shared pulmonary vein 
integrates into the left atrium and four well-separated 
pulmonary veins arise, two from each lung [9, 11]. 
Abnormal resorption of the developing structures can 
bring about (1) changes in the size or the number 
of pulmonary veins or (2) atypical emptying into the 
general veins or right atrium. 

MATERIALS AND METHODS
The cadaveric specimen was obtained from the 

willed body programme intended for the purpose of 
dissection by medical students. This study is based 
on the cadaveric dissection of a 71-year-old Cau-
casian male donor who died of chronic obstruc-
tive pulmonary disease/hypertension. We observed  
a number of what appeared to be surgical interven-
tions of the heart, lung, and vasculatures, possibly 
due to malformations and anomalous venous drain-
age. In the dissection procedure, the anterior thoracic 
wall was removed, as guided by the faculty, and 
the thoracic viscera were dissected and studied. The 
students’ dissection protocol called for opening the 
thoracic cage and studying in detail first the heart, 
followed by the respiratory system. Since the major 
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part of the dissection was performed by the students, 
some of the vascular and other structures were not 
optimally preserved. Additionally, the surgical correc-
tive procedures disturbed the natural architecture of 
the gross morphology.  

OBSERVATIONS AND RESULTS
On the right side of the thoracic wall, we observed 

an incision extending from the parasternal region 
at the 4th intercostal level to the midaxillary line, 
apparently to surgically address anomalies. Consid-
ering the straight line (not curved) incision following 
the ribs on the thorax, we believed that the surgery 
was performed during the donor’s childhood, since 
the ribs are more horizontal in young age. An ex-
perienced in-house pathologist who examined the 
cadaver described the incision scar as faint and very 
old, suggestive of surgical intervention in childhood 
to correct problems in the thoracic viscera.  

Heart, vasculatures, and surgical interventions

The morphology of the heart was normal in both 
size and shape. However, as reported in an earlier study, 

the heart and mediastinum were shifted more toward 
the right side [37]. We observed evidence of surgical 
procedures performed on the heart, likely to correct 
congenital defects. We found that the atrial septal de-
fect (ASD) was corrected by closure with sutures (Fig. 1).  
The right superior pulmonary vein that drained 
into the SVC was ligated close to the SVC (Fig. 1).  
While the right coronary artery originated normal-
ly from the right coronary cusp, the left coronary 
circumflex and the left anterior descending arteries 
arose independently from the left coronary cusp, 
thus lacking the typical left coronary artery (Fig. 2).  
Additionally, we recognised a dilated coronary sinus 
entering the right atrium adjacent to the ASD (Fig. 2) 
and the ostium of coronary sinus noticeably lacked 
the normal valve-like structure. 

Respiratory system: right lung

We initially thought the right lung was a typical 
‘horseshoe’ lung, as described in the literature [21, 
37]. Upon closer examination of all the thoracic vis-
cera, vasculatures, and surgical interventions, we 

Figure 1. Schematic representation of the heart the students dis-
sected and studied. The defects are corrected by surgical sutures 
as indicated by zig-zag suture lines, including right superior pul-
monary vein that drained into the superior vena cava (SVC), which 
was ligated close to the SVC and atrial septal defect; RA — right 
atrium; LA — left atrium; LV — left ventricle; RV — right ventricle; 
CS — coronary sinus; IVC — inferior vena cava; SRPV — superior 
right pulmonary vein; IRPV — inferior right pulmonary vein; LPV — 
left pulmonary veins.

Figure 2. Actual cadaveric heart specimen with independent 
origins of the left anterior descending and circumflex coronary ar-
teries from the left coronary cusps thus showing the lack of normal 
left coronary artery. Also shown is the dilated coronary sinus enter-
ing the right atrium; LC Cusp — left coronary cusp; LADCA — left 
anterior descending coronary artery; C-S — coronary sinus; LCCA 
— left circumflex coronary artery.



983

C. Melovitz-Vasan et al., A case of scimitar lung

realised that what we encountered was a hypoge-
netic right lung with PAPVR and accessory diaphragm 
(Fig. 3). The trachea was normal in size and location, 
bifurcated at the level of 4th thoracic vertebra; the 
carina was situated normally at the bifurcation. Upon 
division from the trachea, the right and left primary 
bronchi were of normal size. However, the right sec-
ondary bronchi were much narrower compared to 
the left and branched uncharacteristically, as seen in 
hypogenetic lung syndrome (Fig. 3) [24]. 

In the hypoplastic right lung, the oblique fissure 
separated the superior lobe from the inferior lobe 
and a horizontal fissure defining the small middle 
lobe was also observed. The inferior lobe was highly 
disorganised and severely hypoplastic and exhibit-
ed uncharacteristic morphology. The superior bron-
chopulmonary segment was markedly hypoplastic; 
the posterior basilar and medial basal segments were 
not only hypoplastic and fused, but also formed  
a slender “tail” that extended to the left pulmonary 
cavity behind the heart/pericardium and in front of 
oesophagus and aorta. However, the fused, tail-like 
right segments did not fuse with the similar segments 
of the left lung, as seen in “scimitar” lung. Notably, 
we also observed an accessory diaphragm separating 
the fused anterior and lateral basal segments (Fig. 3).  
Furthermore, the fused anterior and lateral basal 
segments that were wedged between the true dia-
phragm and the accessory diaphragm were inflatable. 
Though hypoplastic, the bronchi were patent; using 
an air pump, we were able to inflate the superior and 
middle lung segments. Importantly, we were also 
able to inflate all the lower lobe bronchopulmonary 
segments and pass a soft probe (pipe cleaner) into 
the pulmonary arterial branches of the lower lobe 
bronchopulmonary segments.  

Respiratory system: left lung

Both lobes of the left lung were normal in size 
and exhibited typical gross morphology. An oblique 
fissure separated the upper and lower lobes and 
surface visceral impressions appeared normal (Fig. 3). 
The left lung shifted more towards the right, causing 
the observed mediastinal shift, and no pathology 
was noted. The left lung was inflatable by air pump, 
showing a normal patency of the bronchi and their 
functional ability. We were able to pass a soft probe 
(pipe cleaner) into the pulmonary arterial branches 
of all bronchopulmonary segments.

Pulmonary veins

The right superior pulmonary vein drained directly 
into the SVC; the inferior right pulmonary vein from 
the lower lobe drained into the left atrium. The left 
superior and inferior pulmonary veins drained directly 
into the left atrium. In this case, the anomalous pul-
monary vein that drained from the right lung into the 
SVC was corrected by ligation close to the SVC (Fig. 1).  

Figure 3. The cadaveric lungs showing normal left lung and the 
hypogenetic right lung with aberrant morphology. The inferior lobe 
was highly disorganized and severely hypoplastic and exhibited 
uncharacteristic morphology. The right superior bronchopulmonary 
segment was markedly hypoplastic; the posterior basilar and 
medial basal segments were not only hypoplastic and fused, but 
also formed a slender “tail” like morphology. We also observed an 
accessory diaphragm (indicated by a line) separating the fused 
anterior and lateral basal segments. The fused anterior and lateral 
basal segments that were wedged between the true diaphragm  
and the accessory diaphragm were inflatable; UL — upper lobe;  
LL — lower lobe; ML — middle lobe; AcD — accessory dia-
phragm; A/L basal — anterior and lateral basal fused segments; 
P/M basal: — posterior basilar and medial basal fused segments.

Figure 4. Splenomegaly with greatly enlarged and coiled vasculatures.
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Apart from the cardiopulmonary changes, we also 
observed hitherto unreported splenomegaly (Fig. 4) 
and greatly enlarged and coiled splenic vasculatures. 
The spleen was 28 cm long, 16 cm wide, 6 cm in thick-
ness, and weighed 1,856 g. The liver, pancreas, and 
kidneys were normal in size without any pathology 
such as liver cirrhosis, pancreatic cancer, or others.

DISCUSSION 
In the following paragraphs, we compare the find-

ings of this case, highlighting relevance with similar 
cases described in the literature. We have included 
pertinent embryology related to the case. Oftentimes, 
in childhood, infants with scimitar syndrome or PAPVR 
are asymptomatic and this condition goes unnoticed; 
in adults, it is incidentally observed during imaging 
studies. However, the person (donor) in this report 
had surgical interventions at a young age to correct 
anomalous venous return and cardiac anomaly such as 
ASD. In addition, we also observed other cardiovascu-
lar anomalies, such as a widened coronary sinus and 
the left anterior descending and left circumflex arteries 
arising independently from the left coronary cusp.

Congenital pulmonary venolobar syndrome

Felson [12] coined the term congenital pulmonary 
venolobar syndrome (CPVS) in 1973; it incorporates 
a mixed group of unusual anomalies that may occur 
alone or in combination; abnormal unions of the lung 
parenchyma, the lung and general vasculature, and, 
infrequently, the digestive system may be seen [12]. 
Components of CPVS are hypogenetic lung, such as 
lobar agenesis, aplasia or hypoplasia, PAPVR, lack of 
pulmonic artery and/or IVC, pulmonic impounding, 
general pulmonic arterialization, and secondary di-
aphragm [25].  

In scimitar syndrome, a type of PAPVR, venous 
blood from the hypoplastic lung flows through an 
abnormal pulmonic vein and drains into the general 
venous system. This is one of the rare inherited varia-
tions of developmental pulmonic venolobar syndrome 
that almost always occur on the right side [5]. The 
two most constant features of this syndrome are 
anomalous pulmonary venous return into systemic 
circulation and lung hypoplasia [1, 15, 16].

In the case of PAPVR, inconsequential right upper 
lobe venous drainage into SVC is frequently observed 
[18]. Most patients live symptom free; some with co-
existing cardiac anomalies or dangerous forms of lung 
atresia or hypoplasia may have medical signs early 

in life that require surgical intervention. In the case 
reported (Fig. 1), the hypoplasia of the right lung and 
cardiovascular anomalies, as well as evidence of sur-
gical interventions, confirm that the donor was symp-
tomatic as an infant. The CPVS is displayed when one 
or additional, but not all, of the pulmonic veins empty 
into a general vein, causing a left-to-right bypass. The 
wide range of clinical presentations of this syndrome 
comprises hypogenetic lung (including lobar agenesis, 
aplasia, or hypoplasia), PAPVR, lack of pulmonic artery 
and/or IVC, pulmonic impounding, general pulmonic 
arterialisation, and extra diaphragm [12].

A small component of CPVS includes horseshoe 
lung, wherein a basal segment herniation of the 
right pulmonary lobe may cause a bridge of lung 
parenchyma to extend from the right lung bottom 
through the midline backside of the pericardium/
heart to join the posterobasal segments of the left 
lung: a true horseshoe lung [14]. The herniated por-
tion may be attached or may be separated by pleural 
membranes. Pleural separation of pulmonary lobes 
distinguishes pseudo-horseshoe appearance from  
a true horseshoe lung [35]. In the case reported here, 
the fusion of the right and left posterobasal segments 
were not observed, thus establishing the presence 
of a pseudo-horseshoe lung (Fig. 3). The herniated 
right posterobasal segment was a functional unit, as 
it could be aerated using an air pump.

Development of pulmonary vein and related 
anomaly

The pulmonary vein develops early in embryonic 
life and the blood from the lung buds empties into 
the visceral plexus, which connects with paired central 
veins and umbilicovitelline veins. The right central vein 
develops into the SVC, while the left cardinal vein 
mostly disappears. The umbilicovitelline veins develop 
into the IVC, portal venous system, and ductus veno-
sus. During the 4th fetal week, a shared pulmonic vein 
arises from the wall behind the left atrium and joins 
the general pulmonic vein that empties blood flow 
from the lung buds. Thus, the common pulmonary 
vein becomes incorporated into the dorsal wall of 
the left atrium, eventually giving rise to four sepa-
rate pulmonary veins. If the common pulmonic vein 
fails to join the visceral plexus and a visceral plexus 
connection with a principal or umbilicovitelline vein 
perseveres, some type of full abnormal pulmonic 
venous link (TAPVC) or limited pulmonic venous link/ 
/return PAPVR will occur [11]. An earlier report on 
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TAPVC described four types of cardiovascular anom-
alies: supracardiac, infracardiac, cardiac, and mixed 
types [6]. A recent case of PAPVR describes multiple 
congenital anomalies, such as annular pancreas and 
patent umbilical vein with connection to left portal 
vein, in addition to cardiovascular anomalies [32].

Hypogenetic lung

Though infrequent, inherited underdevelopment 
of one or more pulmonic lobes is found in patients 
with CPVS [12]. Reports describe pulmonic agene-
sis, pulmonary aplasia, and pulmonary hypoplasia, 
wherein the air sac and bronchial tube are present, 
but the involved section is undersized [12]. Collec-
tively, these three abnormalities are mentioned as 
hypogenetic pulmonic disorder [12, 26]. In the case 
reported here, we observed that the right lung was 
present, but the three lobes were extremely hypoplas-
tic; as in most cases of hypogenetic lung, the trachea 
was normal. The case presented here is the form with 
pulmonary hypoplasia: air sac and bronchial tube are 
present, but the involved part is small, as described. 
Hypogenetic lung is much more common on the right 
side [5] and involvement of multiple lobes frequently 
occurs [26]. The large percentage of patients with 
lone hypogenetic lung exhibit no signs or symptoms 
[17, 19]; nevertheless, when other cardiac and vas-
cular structures are affected, as in the case reported 
here, surgical intervention is warranted.

Partial anomalous pulmonary venous return can 
roughly be typed into two forms: one that occurs in 
association with ASD and the other in association 
with hypogenetic lung [7]. The second form of PAPVR 
is a part of CPVS. In PAPVR, an atypical vein empties  
a portion or the whole hypogenetic lung [5, 12, 26]. The 
configuration of the anomalous vein (right pulmonary 
vein draining into the IVC) on anterior-posterior tho-
racic radiograms has been equated to a Turkish sword 
or scimitar [2] and so “scimitar syndrome” describes 
hypogenetic lung and PAPVR presenting together [2].  
While hypogenetic lung might occur on the left, 
scimitar syndrome occurs nearly exclusively on the 
right-side [2, 5, 30]. In virtually all occurrences, the 
anomalous vein is a pulmonic vein [2, 5, 12].

In scimitar syndrome, the abnormal pulmonic 
vein most often empties into the IVC inferior to the 
right hemidiaphragm [2, 12]; rarely, PAPVR empties 
into the suprahepatic segment of the IVC [5, 13, 29]. 
When PAPVR empties into a general vein or to the 
right atrium, there is a left-to-right bypass; in general, 

patients experience no symptoms unless the shunt 
is 2:1 or larger [13]. In the case presented here, the 
right superior pulmonary vein drained into the SVC. 
Because the donor had both hypogenetic lung and 
PAPVR, we concluded that the person experienced  
a “scimitar” lung.

Accessory diaphragm

An accessory diaphragm is a thin fibromuscular 
membrane perhaps associated with partial descent 
of the septum transversum [8]. This anomaly is pre-
dominantly a right-sided condition. Why this occurs 
is unclear, but it was acceptably explained that the 
timing difference in growth of the two lung buds 
is probably involved [8]. In other reports, aplasia or  
a certain amount of pulmonic hypoplasia was ap-
parent on the involved side; this also occurred in the 
case presented here (Fig. 3). The accessory diaphragm 
thus separates the pleural cavity on the right side into 
a part that traps part or all of the right middle or  
a part that traps the lower lobes beneath it [5]; this 
is also seen in the case we present (Fig. 3). If the lung 
trapped beneath the accessory diaphragm is aerated, 
as seen in the case presented here, it will move with 
respiration [12]. Most interestingly, we observed an 
accessory diaphragm separating the fused anterior 
and lateral basal segments that could be aerated 
using a pump, thus providing evidence that it was 
functional. Furthermore, the ‘sequestered’ segments 
were supplied by a branch of the pulmonary artery.

In the case reported here, we identified a dilated 
coronary sinus entering the right atrium adjacent to 
the ASD and the ostium of coronary sinus noticeably 
lacked the typical valve-like structure. Widening of the 
coronary sinus resulted from an increased volume of 
flow of blood into the right atrium through anoma-
lous communication of the right pulmonary vein with 
SVC (PAPVR) and the presence of left-to-right shunt 
through the ASD. We speculate that the excessive 
volume of blood shunted into the right atrium and an 
increase in intra-atrial pressure associated altered hae-
modynamics caused the observed widened coronary 
sinus. In 2017, the coexistence of ASD and ‘unroofed 
coronary sinus’ with TAPVC in a 16-year-old female 
was reported [27]. It seems that dilated coronary sinus 
is seen in association with ASD [27].

Aetiology

Partial anomalous pulmonary venous return is  
a congenital cardiac defect with no known cause; it 
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may have a multifactorial origin, including a genetic 
component. No evidence has implicated common 
teratogens (e.g., drugs, infections) in the genesis of 
PAPVC. No evidence for a genetic predisposition has 
been reported [31], though it is reportedly seen with 
Turner syndrome [36].

In addition to the cardiopulmonary changes, we 
also observed splenomegaly (the spleen was 28 cm 
long, 16 cm wide, 6 cm in thickness, and weighed 
1,856 g) and greatly enlarged and coiled splenic vas-
culatures, probably due to vascular or macrophage 
sequestration (Fig. 4). The size of a normal, healthy 
spleen can vary considerably from person to person. 
Women tend to have smaller spleens than men and 
taller people tend to have larger spleens than shorter 
people. In general, an adult spleen is about 12.7 cm 
long, 7.6 cm wide, 3.8 cm thick, and weighs about 
6 ounces. It is hard to even speculate a cause for 
the splenomegaly, since the portal system, liver and 
pancreas were normal. 

CONCLUSIONS
In conclusion, we present a case of hypogenetic 

right lung with other unusual features such as par-
tial anomalous pulmonary venous return, pseudo 
horseshoe lung, atrial septal defect, and accessory di-
aphragm. The right superior pulmonary vein returned 
blood to the SVC instead of the left atrium. Consid-
ering the fact that the donor has both hypogenetic 
lung and PAPVR, we conclude that this represents  
a “scimitar” lung. To sustain life, some of these defects 
were corrected in childhood, which allowed the donor 
to live for 71 years. 
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Metopic skull with occipitalisation of the atlas
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In this study we report a combination of anatomic variations in the neurocranium 
of an adult male skull. The skull is scanned using an industrial µCT system Nikon 
XT H 225. The cranial vault shows a persistent metopic suture, a remnant from 
the mendosal suture and supernumerary bones. Cranial base inspection reveals 
atlas occipitalisation (AO), basilar kyphosis, unusually shaped dorsum sellae and 
bilateral interclinoid bridging. AO is extensive without signs of atlantooccipital 
articulation. The anterior and posterior arches of the atlas and the right transverse 
process are fussed to the occipital bone above. The complete fusion of the pos-
terior arch causes a formation of bone canals for the vertebral arteries passage 
into the cranium. AO in this case is not related to a reduction of the foramen 
magnum dimensions and clivus length. (Folia Morphol 2023; 82, 4: 988–996)

Key words: persistent metopic suture, atlas assimilation, supernumerary 
calvarial bones, wormian bones, intraclinoid bridging, caroticoclinoid 
foramen, posterior interclinoid foramen

INTRODUCTION
Anatomic variations in the skull also called dis-

crete, non-metric, discontinuous or epigenetic traits 
have been considered intrinsically innocuous minor 
skeletal variants [10, 14]. The boundaries between 
variations and anomalies, however, are not so clear. 
Fluctuation of size, form and position within a com-
monly experienced range has been considered as 
“normal variation”, whereas “anomaly” has been 
accepted as synonymous to structural abnormality 
caused by aberrant developmental processes. Unlike 
anomalies, variations have no impact on the func-
tion of a particular structure under normal circum-
stances, even though sometimes harmless variations 
could have a negative effect [33] and could indicate 
generalized disorders [6, 17]. Persistent sutures and 
supernumerary bones are variations in the cranial con-
figuration causing an abnormal partition of the vault. 

Metopism arises when the metopic suture, which 
forms between the growing halves of the frontal 
bone after the 16th fetal week [8] and normally closes 
before the end of the first postnatal year [38], fails to 
fuse. Persistent metopic suture is found to occur with 
varying frequency in different population groups from 
being absent to exceeding 15% [9, 20, 39]. It has been 
observed that metopic crania differ from non-metopic 
ones in many aspects. Metopic crania have distinctive 
cranial morphology [26, 27, 29] with frequently man-
ifested supernumerary calvarial bones, remnants from 
embryonic sutures [9, 21, 26, 35] and underdeveloped 
frontal sinus [23, 24]. They demonstrate a general 
delay in calvarial sutures closure [28] and a wide array 
of midline closure defects [37]. Moreover, persisting 
MS is a common finding in some congenital disor-
ders related to impaired bone formation [6, 17, 19].  
Supernumerary bones could arise due to non-fusion 
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of normally present ossification centres or they may 
appear from additional ossification centres. The squa-
mous part of the occipital bone is an intricate site 
where different variations arise due to faulty fusion 
between the ossification centres of the interparietal 
part of the occipital squama and a frequent occur-
rence of wormian bones [17, 18].

Atlas occipitalisation (AO), also known as atlas 
assimilation, atlanto-occipital fusion, occipitocervi-
cal synostosis and atlantooccipital joint ankylosis is 
a spinal anomaly of cranial base characterised by  
a partial or complete fusion of the first cervical verte-
bra (C1, atlas) to the occipital bone. AO is a congen-
ital osseous abnormality in the craniovertebral junc-
tion, which arises during the early embryonic period  
(4th fetal week) as a result of maldevelopment due to 
an incomplete segmentation of the first cervical scler-
otome into cranial and caudal components. Then, the 
caudal portion of the fourth occipital somite fusses 
with the entire first cervical sclerotome and the cranial 
portion of the second cervical sclerotome, resulting in 
an assimilation of the atlas into the occipital region 
[4]. Incomplete incorporation or failure of segmenta-
tion of the last occipital and C1 sclerotomes leads to 
a spectrum of fusion-related anomalies and accessory 
structures, many of which are asymptomatic. The oc-
cipitovertebral border is an embryologically unstable 
area and the phenomenon of cranial–caudal border 
shifting is still not entirely understood. A caudal shift 
in the position of the atlanto-occipital demarcation is 
more common than a cranial shift. A caudal shift caus-
es an assimilation of the atlas into the occipital bone 
as well as a basilar impression/platybasia and pres-
ence of paracondylar and epitransverse processes. 
A cranial shift results in an occipital vertebra (proat-
las) expressed by precondylar tubercle or process at 
the anterior border of foramen magnum, transverse 
basilar clefts, bipartite condylar facets and divided 
hypoglossal canals [7]. Paracondylar process has also 
been considered to be a manifestation of parts of the 
proatlas transverse process [12]. 

Atlas occipitalisation is normally congenital, but 
in rare cases it may be a result of diseases such as 
osteomyelitis, arthritis, syphilis, tuberculosis and 
other infections or traumatic injuries of the cervical 
vertebrae [31, 36]. Factors such as malnutrition or 
disease-related disturbances during development 
or genetic anomalies may also predispose a fetus 
toward developing AO [31]. It has been reported 
that AO could be associated with Pfeiffer, Crouzon 

and Apert syndromes involving craniosynostosis, as 
well as with Goldenhar, Klippel-Feil and Pierre-Robin 
syndromes [5, 16]. The fusion between the occipital 
bone and the atlas varies as it could be localised or 
extensive, uni- or bilateral. In majority of the cases, the 
fusion is localised to the region of the atlantooccipital 
articulations and the complete bone union is rare  
[4, 7]. Since AO and the related abnormalities could 
be asymptomatic they often go undetected and AO 
is commonly diagnosed incidentally in radiographs, 
intraoperatively or during autopsy. The reported AO 
frequency ranges between 0.03% and 3.6% in the 
contemporary populations [12, 16, 31]. 

In this study, we report a case of an adult male cra-
nium showing a rare combination of different anatom-
ical variations in the neurocranium including persistent 
metopic suture and AO. We also discuss the origin 
and possible clinical complications of these variations.

CASE REPORT
The investigated cranium (Fig. 1) is part of the 

osteological material stored in the Ossuary at the 
National Museum of Military History (Bulgaria). The 
cranium belonged to an adult Bulgarian soldier who 
died in the wars at the beginning of the 20th cen-
tury. The cranium was scanned using an industrial 
μCT system Nikon XT H 225 following the previously 
established optimal scanning protocol for dry skulls 
[25]. The sagittal suture closure was assessed on 
cross-sectional tomograms and regression models 
for age-at-death prediction, elaborated on the same 
population [25], were applied. Based on the sagittal 
suture closure degree, the age-at-death of the indi-
vidual was assessed to be 34 years.

Variations in the calvarial morphology. The cra-
nia had a persistent metopic suture lying between 
nasion and bregma (Fig. 2A). Supernumerary calvarial 
bones and remnants from embryological sutures were 
observed. A rounded preinterparietal bone [18] along 
with a few separate bones of different size occupied 
the upper triangular portion of the occipital squa-
ma (Fig. 2B). A remnant from the mendosal suture 
was visible on the left side of the occipital squama  
(Fig. 2B). An epipteric ossicle was found at the right 
pterion (Fig. 1C), which could be classified as “false” 
or “incomplete” epipteric bone (os epiptericum spu-
rium totum peritemporale) according to the classifi-
cation of Kadanoff and Mutafov [12]. 

Variations in the cranial base. The atlas was 
fused to the occipital bone (Fig. 2D). The posterior 
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vertebral arch was complete and entirely fused to the 
occipital squama, whereas a small aperture (width 
9.2 mm; height 4.1 mm) between the anterior arch 
and the anterior margin of foramen magnum was 
observed (Fig. 3A). Both lateral masses were ossified 
to the occipital condyles without any signs of atlan-
tooccipital articulation between them. The inferior 
articular facets were asymmetrical. The transverse 
processes were normally developed, enclosing the 
transverse foramina. The left transverse process was 
free, while the right one was fused directly to the 
inferior surface of the jugular process of the occipital 
bone (Fig. 3B). This way, an additional transversal 
foramen was formed, enclosed by the fussed occipital 
bone and the transverse process of the atlas (Fig. 3B).  
At the level of the fused margins of the posterior arch 
and the occipital bone, right behind the fused lateral 
masses, were bilaterally formed bone canals for the 
vertebral arteries passage (Fig. 3B). Behind the right 
canal, there was a small vertical bony bridge between 
the occipital bone and the fused posterior arch form-
ing a foramen (Fig. 3B). The hypoglossal canals on 
both sides were of normal appearance and position. 
The atlas midsagittal axis was slightly rotated to the 
left side. The atlas was also inclined from the trans-
versal plane and its right side (the fused C1 transverse 
process) was in an upper position compared to the 
free left side (Figs. 2D, 3A).   

The intracranial inspection revealed an unusually 
shaped dorsum sellae along with erosion of its base 
and top (Fig. 4A). There was also a bilateral inter-
clinoid bridging. According to the classification of 

Archana et al. [3], it was an interclinoid bridging 
type II, mixed type on the right side (Fig. 4B). The 
bridge was formed between the anterior, middle and 
posterior clinoid processes. The ossified ligaments 
enclosed an anterior interclinoid foramen (carotico-
clinoid foramen) between anterior and middle cli-
noid processes, and a posterior interclinoid foramen 
between the middle and posterior clinoid processes 
(Fig. 4B). On the left side, there was an intercli-
noid bridging type I, contact type [3] representing 
a bone bridge between the anterior and middle 
clinoid processes, enclosing an anterior interclinoid 
foramen (Fig. 4C). The cranial base angle (CBA) was 
constructed and measured in the midsagittal plane 
between the landmarks nasion, sellae and basion 
(Fig. 5). The borderline values of CBA delimiting  
a normal from flexed and extended base angle were 
used after Koenigsberg et al. [13]: basilar kyphosis, 
an extensive flexion of the skull base, CBA < 125°; 
normal angulation, CBA between 125° and 143°; 
platybasia, an abnormal flattening of the skull base, 
CBA > 143°. The measured cranial base angle in this 
case indicated basilar kyphosis (119.52°).

Linear measurements. Cranial length (g-op):  
174 mm; cranial width (eu-eu): 135 mm; cranial height 
(ba-b): 130 mm; maximum foramen magnum antero- 
posterior diameter (H): 39.5 mm; maximum foramen 
magnum width (W): 35.6 mm; clivus length: 47.7 mm 

Calculated indices. Cranial index (eu-eu/g-op): 
77.6, mesocran; height-length index; (ba-b/g-op): 
74.7, orthocran; height-breadth index (ba-b/eu-eu): 
96.3, metriocran.

Figure 1. An adult male skull; A. Parietal view; B. Occipital view; C. Basilar view.

A B C
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The actual area of the foramen magnum was 
calculated according to the formula of Radinsky [32]: 
Area = π × 1/4 × W × H, where W is the maximum 
foramen magnum width and H is its maximum antero- 
posterior diameter in the midsagittal plane. Foramen 
magnum area — 1103.9 mm2.

DISCUSSION
The causes for non-fusion of the frontal bone 

halves are widely discussed but still not fully un-

derstood. Metopism has been attributed to various 
conditions and causes such as increased intracranial 
pressure, mechanical stress, endocrine dysfunction, 
growth retardation, mental defects, heredity and 
heredo-specific factors as well as to specific cranial 
deformations such as plagiocephaly, stenocrotaphy, 
brachycephaly, scapho-cephaly and hydrocephaly 
[1, 35]. In this case, the cranium is of medium size 
without any obvious deformations in its shape and 
size. Metopism is frequently associated with under-

Figure 2. Volumetric rendering of the skull; A. Frontal view: an entirely preserved metopic suture; B. Occipital view: supernumerary calvarial 
bones at the interparietal portion of the occipital bone, a remnant from the mendosal suture (asterisk); C. Right lateral view: an incomplete 
epipteric bone; D. Basilar view: atlas occipitalisation.

A B

C D
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Figure 3. A close up view of the fused atlas; A. Anterior view: an aperture between the fused foramen magnum margin and the anterior arch 
of the atlas (arrow); B. Bilateral canals for the vertebral arteries passage (red arrows); a foramen formed between the fused transverse process  
of the atlas and the occipital bone (green arrow); a small vertical bony bridge between the occipital bone and the fused posterior arch of the 
atlas (black arrow).

A

B

development of the frontal sinus [17, 19, 20, 23, 24]. 
However, in the reported case all paranasal sinuses 
are well-developed. 

Atlas occipitalisation and the supernumerary 
bones in the occipital squama could be explained by 
developmental anomalies, which occur during the 
occipital bone formation and seem to be unrelated 
due to the different timetables and ossification pat-
terns of the occipital bone partition in which they 
evolve. AO arises around the 4th week of gestation 
as a result of maldevelopment of the intrasegmental 
fissure of the C1 sclerotome segment, with a con-
sequent lack of recombination of the C1 somite [4].  
The interparietal part of the occipital squama is  
a triangular space situated between the highest 

nuchal line and both parietal bones, which undergoes 
an intramembranous ossification (after the 8th fetal 
week) from a variable number of ossification centres 
giving rise to numerous variations in cases of non-fu-
sion. The presence of a true preinterparietal bone is 
still questionable, but we use this term to designate  
a single bone or a group of bones (bipartite, tripartite 
or multipartite preinterparietal bone) of different size 
forming a triangular territory in the central lambda 
region, and separated by a transverse suture located 
higher than the midline between the lambda and the 
highest nuchal line [18]. In the reported case, it is 
observed a relatively large rounded bone occupying 
the upper portion of the occipital squama. This bone 
together with a few smaller irregular bones delineates 
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Figure 4. Middle cranial fossa: A. Dorsum sellae; B. An interclinoid bridging type II, mixed type (green arrow) on the right side enclosing  
an anterior interclinoid foramen (caroticoclinoid foramen) between the anterior and middle clinoid processes (black arrow), and a posterior 
interclinoid foramen between the middle and posterior clinoid processes (red arrow); C. Interclinoid bridging type I, contact type representing 
a bone bridging between the anterior and middle clinoid processes, enclosing an anterior interclinoid foramen on the left side. 

A

B

C
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a triangular space below lambda. Supernumerary 
bones may arise from a fragmentation in the primary 
ossification centres or they may develop from addi-
tional centres [17]. Besides the supernumerary bones 
in the upper portion of the occipital squama, there is 
a remnant from the mendosal suture on the left side, 
which lies at the level of the highest nuchal line, i.e. 
on the demarcation line between the primary and 
secondary ossification centres. Thus, considering the 
occipital bone development, the mechanisms causing 
these variations seem unrelated since AO occurs much 
earlier in embryogenesis than the non-fusion of the 
ossification centres of the intramembranous portion 
of the occipital squama and the emergence of wormi-
an bones in the lambda region after the sixth fetal 
month [15]. It is interesting, however, that metopism 
is frequently accompanied by supernumerary bones 
and remnants from other embryonic sutures [9, 21, 
26, 35] as in this case. In view of the calvarial bone 
morphogenesis, these variations are closely inter-
related and their accumulation and overexpression 
are typical of some congenital disorders linked to 
impaired intramembranous bone formation. 

In AO, a slight rotation of the midsagittal axis of 
the atlas, similar to that in the reported case, has 
been previously noted [2, 4, 5]. Unilateral paracon-
dylar process, also called paramastoid process [12] is  
a common finding in AO [4, 12]. Paracondylar pro-
cess could be connected to an epitransverse process 
of the transverse process of the atlas by a paracon-
dylar-epitransverse articulation [11, 12]. In the here 
described case the right transverse process of the 
atlas is fused directly to the jugular process of the 
occipital bone, without formation of a paracondy-

lar process (Fig. 3B). This additionally shortens the 
distance between the occipital bone and the atlas 
on the right side compared to the contralateral left 
side, where the transverse process is unfused. This 
results in an inclination of the atlas from the hori-
zontal plane (Fig. 3A). According to Kadanoff and 
Mutafov [12], AO leads to formation of a new lower 
foramen magnum, called foramen occipitale (atlan-
tooccipitale) magnum. It has been reported that AO 
is related to an abnormal shape of foramen magnum 
and a reduction of its dimensions, which may lead 
to neurological complications due to compression of 
the spinal cord and other nerves [2, 16]. In this case, 
the foramen magnum dimensions and the calculated 
area are slightly enlarged compared to the mean 
values (length: 36.63 mm; breadth: 31.47 mm; area: 
906.17 mm2) reported for contemporary Bulgarian 
males [34], which is unusual. Similar to our case, it has 
been reported an irregular anterior atlantooccipital 
foramen formed between the superior aspect of the 
anterior arch of the atlas and the anterior margin of 
the foramen magnum with dimensions of 2–4 mm 
vertically and 18 mm horizontally [5]. Thus, the ap-
erture is of similar height, but two times wider than 
the aperture in our case. 

Atlas occipitalisation could impair the passage of 
either the vertebral arteries or C1 spinal nerves, which 
pass over the most anterior part of the posterior arch 
of the atlas. AO is frequently related to abnormalities 
in the vertebral artery and its route into the skull 
through accessory foramina and canals [2, 5, 16, 36]. 
If the posterior arch or hemiarch of the atlas is fused 
to the occipital bone, one should expect to find an 
anomalous osseous pathway for the vertebral artery 

Figure 5. Cranial base angle constructed and measured in the midsagittal plane between the landmarks nasion, sellae and basion.
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to enter the cranium [36], canalis atlantooocipitalis  
a. vertebralis [12], as it is in the reported case. The ab-
normal passage may clamp on the arterial wall, thus 
narrowing the lumen of the vessel and decreasing 
the velocity of blood flow into the vertebral artery. 
The compression may result to ischaemic symptoms, 
vertebro-basilar insufficiency and brainstem anoxia, 
while the artery entrapment in a bony canal may 
cause dizziness, seizures, mental deterioration, syn-
cope and rarely sudden death [16]. 

Atlas occipitalisation has also been linked to a re-
duction of the clivus length, inadequate or no forma-
tion of the atlantooccipital joint and flattening of the 
skull base [2, 16]. The measured clivus length in this 
case does not indicate such a reduction, and what 
is more interesting, the CBA expresses an extensive 
flexion of the skull base instead of platybasia. It has  
been established that metopism is not related to  
a significant alteration in the CBA [22], so the basilar 
kyphosis in this case is quite unusual. 

Demineralisation at the base of the dorsum sella 
is a valuable indicator of intracranial pathology. This 
appearance may be due to increased intracranial 
hypertension; it may also be secondary to a local 
mass lesion such as craniopharyngioma, optic chiasm 
glioma, or meningioma. An eroded posterior clinoid 
has also been reported with suprasellar aneurysm, 
histiocytosis X, and dilated third ventricle [30].

The interclinoid ligament joins the anterior and 
posterior clinoid processes while the caroticoclinoid 
ligament connects the anterior and middle clinoid 
processes. Sellar bridging has been recognised as an 
age-related phenomenon. Since the clinoid bars have 
been commonly reported in fetuses and infants, it 
seems more likely the interclinoid bridging to reflect 
an abnormality at a much earlier stage in the chon-
drocranium development [7]. Interclinoid bridging is 
not pathological, but could cause many complications 
during surgical procedures in this area [3, 40]. Sellar 
bridging type I results in the formation of anterior 
interclinoid foramen also known as caroticoclinoid 
foramen or arterial foramen through which the internal 
carotid artery passes. Bridging type II gives rise to two 
separate foramina: caroticoclinoid foramen, and pos-
terior interclinoid foramen, called as venous foramen 
which transmits the lateral part of circular sinus [3].

CONCLUSIONS
In the reported case, the observed variations in the 

neurocranium represent deviations from the normal 

developmental process arising at different stages dur-
ing embryogenesis. The variations of the cranial base 
occur at an earlier developmental stage compared to 
that of the calvaria. The observed variations most com-
monly are asymptomatic and of little clinical signifi-
cance, although they could be involved and/or cause 
serious health issues in some cases. In the described 
case, there is no evident sign of a generalized disorder, 
which could cause the unusual co-occurrence of all 
this variations in the morphology of the neurocranium. 
Furthermore, bearing in mind that the individual was 
fit for military service, we can conclude that the man 
did not suffer from any severe complications. 
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