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How to write an umbrella review? A step-by-step 
tutorial with tips and tricks

*, A.V. D’Antoni ,  
 

1Department of Anatomy, Jagiellonian University Medical College, Krakow, Poland
2Division of Anatomy, Department of Radiology, Weill Cornell Medicine, New York, NY, United States
3Department of Neurosurgery, Tulane Centre for Clinical Neurosciences, Tulane University School of Medicine,  
New Orleans, LA, United States
4Department of Neurology, Tulane Centre for Clinical Neurosciences, Tulane University School of Medicine,  
New Orleans, LA, United States
5Department of Anatomy, All India Institute of Medical Sciences, Phulwarisharif, Patna, India
6Department of Anatomy, Collegium Medicum, Jan Kochanowski University, Kielce, Poland
7Department of Normal Anatomy, Pomeranian Medical University, Szczecin, Poland

The number of meta-analyses (MA) and systematic reviews (SR) on various medical 
issues has increased during the last two decades. The MA and SR results may 
differ from one another due to a number of factors such as inaccurate or diverse 
searches through the databases, discrepancies in the extraction process or in 
statistical analysis, among others. Some results may even contradict one another, 
resulting in confusion among readers. Umbrella reviews (UR) have allowed the 
collection of all available data on a medical issue into one concise study, making it 
the source of evidence-based medical knowledge to the highest degree. Further-
more, UR can resolve those problems by collecting all data and taking into account 
both MA and SR, making it the superior tool for physicians. Although the pros 
of UR are clear and the overall popularity of these types of study has increased 
tremendously, there is no available step-by-step guide on how to conduct one. 
Therefore, the objective of the present study was to provide researchers with  
a detailed tutorial on how to conduct an UR. UR represent the next major step 
in the advancement of evidence-based medicine, with great practical potential 
for physicians looking for the most up-to-date data on their topic of interest. We 
hope that our step-by-step guide may be a useful tool for researchers conducting 
UR in the future. (Folia Morphol 2023; 82, 1: 1–6)
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O R I G I N A L    A R T I C L E

Anatomy of the occipital lobe using lateral 
and posterior approaches: a neuroanatomical 
study with a neurosurgical perspective on 
intraoperative brain mapping

1Department of Neurosurgery, Medical University of Warsaw, Poland
2Faculty of Psychology, University of Warsaw, Poland

Background:

awake conditions because the anterior resection border comprises language-, 
motor- and visuospatial function-related areas within the temporal and parietal 
lobes. This study investigated the lateral and posterior perspectives of the occipital 
lobe anatomy when approaching intraaxial occipital lobe lesions.
Materials and methods: Ten adult cadaveric cerebral hemispheres were dissected 

Results: The occipital lobe was located posteriorly to the parietotemporal line. 
Within the occipital lobe, the occipital horn of the lateral ventricle represented 

is planned. Subcortically, from a posterior perspective, the anterolateral border 
constituted the arcuate fascicle/superior longitudinal fascicle complex and was 
anteromedial to the thalamocortical tract. Remaining posterior to the line connect-
ing the preoccipital notch with the superior Rolandic point avoided the cortical 
and white matter tracts related to language, motor and visuospatial function.
Conclusions: Knowledge of occipital lobe anatomy and surrounding structures is 
essential to preoperatively assess the risk of the procedure and proper consultation 

(Folia Morphol 2023; 82, 1: 7–16)
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White matter dissection

Lateral approach (Figs. 2, 3)

 

Posterior approach (Figs. 2, 4)



Folia Morphol., 2023, Vol. 82, No. 1

DISCUSSION

sessment in selected cases allows avoidance of optic 

Figure 3. A.
-

B.

C.

D. -

E.
-

F.

A

E F

DC

B



T.A. Dziedzic et al., Approaches to the occipital lobe

 

Figure 4. A, B.
  

 
 

C, D.

E. -

EDC

BA



Folia Morphol., 2023, Vol. 82, No. 1

 

 



T.A. Dziedzic et al., Approaches to the occipital lobe

CONCLUSIONS

None declared

REFERENCES

.

, 
.

.
4. 

.

.

.

.
8. 

, 
.

9. 

.

erative mapping to identify cortical regions related to 

.

.

.

.

 

.



Folia Morphol., 2023, Vol. 82, No. 1

.

.

.

.

, 
.

 

.

, in
.

ce.

.

.

.

.

.

.

.

.

.

.

.
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Safety window for the transsphenoidal 
approach for pituitary tumours: a computed 
tomographic angiography study

* * ,  
,  

1Universidad Autónoma de Nuevo León, School of Medicine, Human Anatomy Department,  
Monterrey, Nuevo León, México
2  
Radiology and Imaging Department, Monterrey, Nuevo León, México

Background: The aims are to evaluate the morphometry of the sellar region and 

approach in a Hispanic population.
Materials and methods: We retrospectively analysed 150 computed tomographic 
angiography sellar region images from asymptomatic patients. The images were 
evaluated intraobservatory by an expert radiologist. We measured: intercarotid 
distance of cavernous segment; depth of sella turcica; skull base angle; anterior 

posterior distance, the distance between anterior spinal nasal and posterior wall of 

and superior limit of the anterior wall of the sella turcica; and posterior angle, 

wall of the sella turcica.
Results: Safety window was based on two measures: the intercarotid distance and 
depth. The mean of the safety window is 151.13 mm2 and 147.60 mm2 for men 
and women, respectively. The intercarotid distance was 17.83 mm. The depth of 
the sella turcica was 8.46 mm. The skull base angle was 112.13 grades. The ante-
rior distance was 76.34 mm. The posterior distance was 87.59 mm. The anterior 
surgical angle was 32.76 grades. The posterior surgical angle was 87.59 grades. 
Conclusions: -
cate a more complicated surgery in this population. Anatomical understanding 
could reduce complications in hospitals without a neuronavigation system. (Folia 
Morphol 2023; 82, 1: 17–23)
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Nasal and sphenoidal phase.

 

 

Table 2. 

Measurement Arrambide-Garza et al. (2020) Nunes et al. (2015) Mascarella et al. (2015) Shrestha et al. (2018)

Country Canada Nepal

CTA CTA

Table 3. -

Measurement Arrambide-Garza 
et al. (2020)

Alkherayf et al. 
(2015)

Country Canada
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Circle of Willis: anatomical variations 

angiography study
M. Enyedi 4

1Department of Anatomy, Carol Davila University of Medicine and Pharmacy, Bucharest, Romania
2

3Department of Physiology, Carol Davila University of Medicine and Pharmacy, Bucharest, Romania
4

5  
Bucharest, Romania

Background: The main scope of this paper is to investigate the prevalence of 
the anatomical variants of the circle of Willis (CoW) in the Romanian population 
through magnetic resonance angiography.
Materials and methods: Magnetic resonance angiography images were obtained 

of complete anterior or posterior parts of the circle were determined.
Results:
The most common posterior variation was the unilateral absence of a posterior 
communicating artery (n = 28) while in the anterior circle it was the unilateral 
absence of the precommunicating segment of an anterior cerebral artery (n = 17). 
A complete entire CoW was found in 63 cases, while the anterior and posterior 

Conclusions: Unilateral variations were the most common changes found in CoW 

in the planning and follow-up of brain surgery and interventional procedures, 
as well as in estimating the prognosis of patients suffering from stroke or other 
related cerebral vascular events. (Folia Morphol 2023; 82, 1: 24–29)
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Performance of rupture-related morphological 
parameters in posterior communicating artery 
aneurysms with fetal-type variant

*, C. Li 4 , N. Lv
1  
University of Shanghai for Science and Technology, Shanghai, China
2Department of Neurosurgery, Changhai Hospital, Second Military Medical University, Shanghai, China
3

4MRI Core, Houston Methodist Research Institute, Houston, Texas, United States

Background: The aim of the study was to investigate the impact of fetal-type 
posterior cerebral artery (fPCA) variant on morphological parameters of posterior 
communicating artery (PComA) aneurysms for rupture risk assessment.
Materials and methods: A total of 98 PComA aneurysms (62 ruptured and 36 
unruptured) in 98 consecutive patients were reviewed. Morphological parameters 
were calculated including aneurysm size, aspect ratio (AR), size ratio (SR), dome- 

parameters to discriminate rupture status were compared between aneurysms 
with or without fPCA.
Results:

-

(p < 0.001). For the aneurysms without fPCA, all morphological parameters were 

related with the rupture status. Multivariate analysis showed that SR (p = 0.035 

rupture risk factors for the total cohort and the aneurysms without fPCA; while 

status of aneurysms without fPCA.
Conclusions: The performances of morphological parameters to discriminate 
rupture status were different between PComA aneurysms with and without fPCA 

aneurysms. (Folia Morphol 2023; 82, 1: 30–36)
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Table 3. 

Group Independent 
risk factor

Odds 
ratio

95% CI P

 

Table 1. 

All  
(n = 98)

Fetal-type PComA  
(n = 39)

Non-fetal-type PComA  
(n = 59)

P

Aspect ratio 

< 0.001

Table 2. 

All P Fetal-type PCA P Non-fetal-type PCA P

Ruptured  
(n = 62)

Unruptured  
(n = 36)

Ruptured  
(n = 25)

Unruptured  
(n = 14)

Ruptured  
(n = 37)

Unruptured  
(n = 22)

  0.004     0.001

Aspect ratio   0.003     < 0.001

  0.001     < 0.001

      0.047

      0.003

  < 0.001   0.001   0.001
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Standard clinical computed tomography fails 
to precisely visualise presence, course and 
branching points of deep cerebral perforators

,  
4

1Department of Descriptive and Clinical Anatomy, Medical University of Warsaw, Poland
2Department of Forensic Medicine, Medical University of Warsaw, Poland
3  
Military University of Technology, Warsaw, Poland
4  
Military University of Technology, Warsaw, Poland

Background: Standard computed tomography (CT) images have earned  
a well-established position in neuroimaging. Despite that, CT is somehow limited 
by its resolution, which does not enable to distinctively visualise structures smaller 
than 300 μm in diameter. Perforating arteries, most of which measure 100–400 μm  
in diameter, supply important subcortical structures (thalamus, basal ganglia, 

strokes) can have a devastating clinical outcome. The aim of our study was to 
assess standard CT’s ability to visualise perforators and compare it with microscopic 
and micro-CT pictures. 
Materials and methods: We have obtained 6 brainstem and 17 basal ganglia 
specimens. We infused them with barium sulphate contrast medium adminis-
tered into either vertebral or internal cerebral artery. After that, the specimens 

examinations were performed. 
Results: The median number of visualised perforators in brainstem and basal 
ganglia specimens was 8 and 3, respectively for CT and 18 and 7 for micro–CT  
(p < 0.05). Standard CT failed to clearly visualise branching points and vessels 
smaller than 0.25–0.5 mm (1–2 voxels) in diameter. Parallel vessels, like lenticu-
lostriate arteries could not be differentiated in standard CT due to their proximity 
being smaller that the resolution. 
Conclusions: Basing on our results, we infer that CT is a poor modality for imaging 

with micro-CT. (Folia Morphol 2023; 82, 1: 37–41)
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Vitamin D3 promotes oligodendrogenesis and 
modulates synucleinopathy in lead-induced 
nigral pars compacta neurotoxicity in rats
R.A. Imam
1

2

Background: Lead-induced neurotoxicity was marked with locomotor and Par-
kinsonian-like changes. Oligodendrocytes and synucleinopathy were signed to in 
the pathophysiology of some neurodegenerative diseases. Vitamin D3’s (D3) role 
in substantia nigra pars compacta (SNpc) disorders is debated between neuro-
scientists. The aim of the study was to investigate lead-induced SNpc neurotoxic 
changes and explore the possible neuroprotective role of D3 and the possible 
involvement of oligodendrocytes and -synuclein. 
Materials and methods: This study included 40 adult Wistar rats assigned into 

(D3 injection, 1,000 IU/kg IM; 3 days/week), and D3. After 8 weeks, the rats 

-
tochemical assessment. 
Results: -synuclein and 
caspase-11 by immunoblotting analysis. Histologically, it induced neurodegen-

-synuclein immu-
 

Conclusions: Lead (Pb) may induce SNpc neurotoxicity presumably via activation 
of caspase-11 and -synuclein. D3 may modulate this neurotoxicity probably 
through an oligodendrogenic effect. (Folia Morphol 2023; 82, 1: 42–52)
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Cisplatin-induced alterations in the blood-nerve 
barrier: effects of combination of vitamin B1, B6 
and B12

Background: Cisplatin is a chemotherapeutic agent against solid cancers. How-
ever, neuropathy is a major side effect and has no effective treatment so far. 

to impaired blood-nerve barrier (BNB). This study aimed to investigate the ultras-
tructural changes of the BNB in the sciatic nerves and dorsal root ganglia of rats 
with cisplatin neuropathy and the effects of B1-6-12. 
Materials and methods and Results: The results showed that cisplatin 2 mg/kg 
injected intraperitoneally twice a week for 5 consecutive weeks caused thermal 
hypoalgesia and structural abnormalities of nerves and ganglia. Co-treatment with 
oral B1-6-12 (100:100:1) 100, 300 and 600 mg/kg/day for 5 weeks reduced the 

-

capillaries of cisplatin than control groups. Vitamin B1, B6 and B12 especially 
the medium dose, reversed these abnormalities. Culture of endothelial cells and 
pericytes with cisplatin demonstrated reduced cell viability, increased caspase-3 
activity, lower transendothelial electrical resistance and decreased expression of 
tight junction proteins, occludin and zonula occluden-2. 
Conclusions: Vitamin B1, B6 and B12 could correct these toxic effects of cisplatin. 

of BNB which correlate with the severity of neuropathy. Furthermore, B1-6-12 is ef-
fective against these abnormalities and deserves further investigations as potential 
treatment for cisplatin-induced neuropathy. (Folia Morphol 2023; 82, 1: 53–62)
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parts of nerve were similar.

Table 1. Nerve morphometry

Group Fibre diameter [μm] Myelin thickness [μm] g ratio Fibre density [/μm2]

a b

b

a a

a b
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Group No. of neuron Nuclear area [μm2] Nucleolar area [μm2]
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Evaluation of cell morphology and adhesion 

titanium discs with different roughened 
surfaces: an in vitro scanning electron 
microscope analysis and cell culture study 

1Periodontology Department, Faculty of Dentistry, Istanbul Aydin University, Istanbul, Turkey
2

3Anatomy Department, Faculty of Medicine, Istanbul Aydin University, Istanbul, Turkey

Background: Implantoplasty is an option in peri-implantitis treatment. What is 
known about the effects of implantoplasty on peri-implant soft tissue adhesion 
and cell behaviours is limited. This study aimed to evaluate the morphological 

sand-blasted, large-grit, acid-etched (SLA®) titanium (Ti) discs surfaces roughened 
with different implantoplasty protocols.
Materials and methods: The study included a total of 48 Ti discs divided into four 

SLA® ® surface discs roughened with diamond bur se-
® surface discs roughened with diamond 

the 24th, 48th, and 72nd  0.05 level. 
Results: -

in group I and II had thin and long radial extensions from the areas where the 
nucleus was located to the periphery; however, attached cells in group III and IV 
showed more spindle-shaped morphology. The surface roughness parameters of 
the test groups were lower than those of the SLA®. The SLA® group showed the 

compared to group III, but less than group I. 
Conclusions: This study showed that the characteristics of the burs applied in the 

adhesion occurs on surfaces with decreased roughness following implantoplasty. 

affect the adherent cell morphology and adhesion. (Folia Morphol 2023; 82, 1: 63–71)
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Human lumbosacral root and ligamentum 

1Department of Basic Medical Sciences, Faculty of Medicine, Yarmouk University, Irbid, Jordan
2Department of Anatomy, Faculty of Medicine, Jordan University of Science and Technology, Irbid, Jordan
3  

Background: This study investigated the lumbosacral plexus (LSP) nerve root 

surgery and lumbar decompression surgery.
Materials and methods: This retrospective study was conducted with 350 indi-
viduals with ages ranging from 21 to 80 years under magnetic resonance imaging 
to evaluate the possible cause of a lower back pain.
Results: According to the morphometric measurements of the LSP root thickness, 
the diameter gradually increased from L1 to S1. L1 has the thinnest root (3.9 ±  
± 0.81 mm) while S1 has the thickest root (5.45 ± 0.8 mm). The measurements 
revealed inconsiderable differences in the LSP thickness in relation to age, sex 
in the study population. Regarding the LF, the thickness of the LF was found to 

higher in female. The mean thickness of the right LF at different spinal levels was 
measured (L2–L3 = 3.19 ± 0.27, L3–L4 = 3.38 ± 0.11 mm, L4–L5 = 3.71 ±  
± 0.29 mm, and L5–S1 = 3.64 ± 0.21 mm). The mean thickness of the left LF 

Conclusions: The LSP root and LF thicknesses not related to age or sex. (Folia 
Morphol 2023; 82, 1: 72–78)
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The pattern of branching and 
intercommunications of the musculocutaneous 
nerve for surgical issues: anatomical study

1Master of Technical Anatomy and Histology, Department of Anatomy, Faculty of Medicine,  
King Abdulaziz University, Jeddah, Saudi Arabia
2Department of Anatomy, Faculty of Medicine, King Abdulaziz University, Jeddah, Saudi Arabia
3

Background: The aim of the present work was to provide evidence about the 
anatomical variations as regard the origin, distribution, and branching pattern of 
the musculocutaneous nerve (MCN). 
Materials and methods: Brachial plexus was dissected in 40 upper limbs of  
20 male adult cadavers. The pattern of the MCN was photographed by a digital 
camera.
Results: The location and length of the nerve branches between left and right 

-

that innervating brachialis muscle. Communications between the MCN and the 

Conclusions: The knowledge of the common and uncommon MCN variations is 
important especially to the surgeons for carrying out surgical procedures in axilla 
and arm. (Folia Morphol 2023; 82, 1: 79–87)

nerve, anatomical variations
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88

Anatomical description of the perforating 
cutaneous nerve 

1Department of Anatomy, Jagiellonian University Medical College, Krakow, Poland 
2Department of Neurosurgery, Tulane Centre for Clinical Neurosciences, Tulane University School of Medicine,  
New Orleans, LA, United States
3Department of Neurosurgery and Ochsner Neuroscience Institute, Ochsner Health System,  
New Orleans, LA, United States
4Department of Neurology, Tulane Centre for Clinical Neurosciences, Tulane University School of Medicine,  
New Orleans, LA, United States
5

6Department of Surgery, Tulane University School of Medicine, New Orleans, LA, United States

Background: The perforating cutaneous nerve/perforating nerve of the sacrotu-
berous ligament is rarely observed. It usually arises from the posterior division of 
the sacral plexus or the pudendal nerve and perforates the sacrotuberous ligament. 
The anatomy of this nerve and its variants is poorly described in the literature, but 
there are data indicating its role in pudendal neuralgia. 
Materials and methods: Herein, we present an anatomical study of six forma-

pudendal bundle, the perforating cutaneous nerve and the sacrotuberous ligament. 
Results: We found three perforating cutaneous nerves and described each of 
them in detail, with measurements of length and width, and point of perforation 
of the sacrotuberous ligament. 
Conclusions: We distinguished three types of perforating cutaneous nerve on 

observed in our study. (Folia Morphol 2023; 82, 1: 88–95)
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Figure 1. 
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-

Figure 2. 
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Table 1. 

Measure The right perforating of 
the STL nerve (Fig. 2)

The left PCN 
(Fig. 3)

The right PCN 
(Fig. 4)

Table 2.  
course

Trait The right perforating  
of the STL nerve (Fig. 2)

The left PCN (Fig. 3) The right PCN (Fig. 4)

Yes No Yes

  

The innervation area  

Table 3. 

Publication data
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Are the nerves supplying the anterior sacroiliac 
joint nociceptive?

, A.V. D’Antoni 8

1  

2Wagner College, Staten Island, New York and Division of Anatomy, Department of Radiology,  
Weill Cornell Medicine, New York, NY, United States
3Department of Anatomical Dissection and Donation, Medical University of Lodz, Poland
4Department of Neurology, Tulane University School of Medicine, New Orleans, LA, United States
5Department of Neurosurgery, Tulane University School of Medicine, New Orleans, LA, United States
6  
Kurume, Fukuoka, Japan
7Domain of Anatomy, Kurume University School of Nursing, Kurume, Fukuoka, Japan
8

9Department of Structural and Cellular Biology, Tulane University School of Medicine, New Orleans, LA, United States
10Department of Surgery, Tulane University School of Medicine, New Orleans, LA, United States
11Department of Neurosurgery and Ochsner Neuroscience Institute, Ochsner Health System,  
New Orleans, LA, United States

Background:
while its anatomical characteristics have been well studied, its innervation and the 
contributions of particular nerves remain controversial, especially in relation to 
posterior joint innervation. To our knowledge, previous studies have not investi-

Materials and methods:
the anterior SIJ. Adjacent anterior rami were examined for branches to the ante-
rior SIJ. Any branches contributing to the anterior SIJ were measured and then 

immunohistologically. 
Results: On all sides, 1–2 small branches (mean diameter of 0.33 mm) arose 

branches had a mean length of 13.5 mm. All histological samples contained nerve 

diffuse substance P reactivity. There were no histological differences between sides 

positivity for substance P. 
Conclusions:

and to its various treatments including interventional approaches to SIJ pain. (Folia 
Morphol 2023; 82, 1: 96–101)
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A study of coronary dominance and  

D.P. Aricatt 4 , R. Das
1Department of Anatomy, Yenepoya Medical College, Yenepoya University Deralakatte, Mangalore, Karnataka, India
2Yenepoya Research Centre, Yenepoya University Deralakatte, Mangalore, Karnataka, India
3Department of Interventional Cardiology, K.S. Hegde Medical Academy Hospital, Mangalore, Karnataka, India
4  
Kannur, Kerala, India
5Department of Cardiology, Madras Medical Mission, Chennai, Tamilnadu, India
6Division of Data Analytics, Bioinformatics and Structural Biology (DABS), Mangalore, Karnataka, India

Background: Coronary artery disease is the most common cause of morbidity 
and mortality especially in the developing countries. The aim of the study was 

artery stenosis among each pattern of dominance. The objectives were to assess 
coronary vessel morphology of patients within each pattern of dominance, to 

distribution percentages of stenosis among dominance patterns.
Materials and methods: Four thousand angiograms from patients of Indian 
origin were studied prospectively after procuring the sanction for the same from 
the ethical committee of the pre-selected hospitals from four states of South 
India. Informed consents were obtained. Post coronary artery bypass grafting, 
post percutaneous coronary intervention patients and patient being diabetic for 
 5 years were excluded from the study.

Results: -

both genders except for left dominance which were higher among male samples. 

of stenosis was more for left dominance patterns, followed by right dominance 
patterns and least for co-dominant patterns.
Conclusions: There is a necessity to see association between dominance patterns 
with the coronary artery disease which can help the interventional cardiologists. 
The disease patterns in the present study were predominantly in the left dominant 
or in the co-dominant hearts. (Folia Morphol 2023; 82, 1: 102–107)
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Morphometry and morphological analysis of 
carotico-clinoid foramen: an anatomical study 
with clinical implications
A. Priya
1Department of Anatomy, All India Institute of Medical Sciences, Patna, India
2Department of Anatomy, Andaman and Nicobar Islands Institute of Medical Sciences, Port Blair, India
3Department of Radiodiagnosis, All India Institute of Medical Sciences, Patna, India

Background: The dural fold between anterior and middle clinoid processes on 
mineralisation leads to the formation of caroticoclinoid foramen (CCF). Different 
morphology of this foramen presents with different clinical features. The present 

an account of assimilated information from previous literature regarding the 

Materials and methods: The study was conducted on 100 adult dry human skulls 
of unknown age and sex, and 50 lateral view radiographs of the head. 
Results: Of the 100 dry skull bones, 9 presented with different forms of CCF. Bilat-

lateral view radiograph data (n = 50) presented with a bilateral foramen in one 
subject and unilateral complete CCF in two different subjects. On measurements 
of the diameters of the complete CCF the mean values observed were 4.06 mm 
and 4.51 mm on the right side, while that on the left side were 5.15 mm and 
4.14 mm. For the incomplete foramina, the mean values for the vertical diameter 
were 4.48 mm on the right and 4.19 mm on the left side, respectively. 
Conclusions:
much lesser than that of previously studied populations. However, the variation in 

across populations. The variations in CCF’s metric data could help in predicting the 
morphological changes it causes to the clinoidal segment of the internal carotid 
artery, as well as in distinguishing its varieties. (Folia Morphol 2023; 82, 1: 108–118)
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Table 1. 
those reported in literature

Study Population/Region Number 
of skulls

Caroticoclinoid foramen [n (%)] Sella turcica 
bridgeUnilateral Bilateral Total

Caucasian American 

Caucasian American 

Caucasian American

Bosnian 

Bihar region
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contact and incomplete variety of CCF intraoperatively 

Table 2. 
reported in literature

Study Population/Region Number 
of skulls

Caroticoclinoid foramen [n (%)]

Incomplete Contact Complete

Caucasian American 

Caucasian American 

Caucasian American

Bosnian 

Bihar region
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or CT scans.

Table 3. 

Study Population/ 
/Region

Sample size (n) Age 
range 

[years]

Gender 
distribu-

tion

Caroticoclinoid foramen [n (%)]

Incomplete Complete Contact

-
lometric radiographs

Cederberg et al.  Caucasian 
American

-
lometric radiographs

Leonardi et al.  -
lometric radiographs

Saudi  
Arabian

 

Caucasian 
American 

-
lometric radiographs

para-clinoid aneurysm

Caucasian 
American

----

Suprasanna et al.  -

para-clinoid aneurysms

 

Bihar -
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Table 4. 

Measurements of caroticoclinoid foramen [mm]

RIGHT LEFT

Complete Incomplete Complete Incomplete

AP Vertical Vertical AP Vertical Vertical
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importance in treatment of clinoidal segment an
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Porcine coronary arteries: immunohistochemical 

, E. Pompili , F. Pellegrino4,  
P. Familiari , V. Papa , L. Coppola4 *, M. Artico *
1Department of Sensory Organs, Sapienza University of Rome, Italy
2Department of Anatomical, Histological, Forensic Medicine and Orthopaedics Sciences, Sapienza University of Rome, Italy
3Department of Radiological, Oncological and Pathological Sciences, Sapienza University of Rome, Italy
4UOC of Pathology, Sandro Pertini Hospital, Rome, Italy
5Department of Human Neurosciences, Sapienza University of Rome, Italy
6

7  
Catholic University of Sacred Heart, Rome, Italy.
8Department of Anaesthesia and Critical Care, AON SS Antonio e Biagio e Cesare Arrigo, Alessandria, Italy
9  
Pietro and Michele Ferrero Hospital, Verduno, Italy

Background: -
strate the presence of the cytokines tumour necrosis factor alpha (TNF- ), interleu-
kin 1beta (IL-1 1) and intercellular ad-
hesion molecule-1 (ICAM-1) in porcine coronaries even in physiological conditions. 
Materials and methods:
act as a communication signal between immune system cells and other types of 
cellsin different organs and tissues, both in human and pig coronary circulation.
Results: , IL-1 1 
and ICAM-1 are also present in the medium tunica of the coronary arteries un-
der physiological conditions. These results may be compared with those found 
in coronary atherosclerosis, where the increase in TNF-  has a dramatic effect 
on the function of the left ventricle, and the high value of IL-1 correlates directly 
with the extent of myocardial necrosis. In our study we observe the damage and 
activation of endothelial cells; this induces endothelial dysfunction by accumu-
lation and oxidation of low density lipoproteins (LDL). The formation of oxidized 

leukocyte recruitment in the intimal layer. These leukocytes, after the adhesion 
to the endothelium, penetrate the intimate tunic. 
Conclusions:
of atheroma and the development of thrombotic complications. (Folia Morphol 
2023; 82, 1: 119–126)
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The different forms of the left brachiocephalic 
vein visualised during cardiovascular 
implantable electronic device implantation 
procedures

1Department of Cardiology, Central University Hospital in Warsaw, Poland
21st Department of Cardiology, Medical University of Warsaw, Poland

Background: Among the factors ensuring successful completion of such minimally 

and central venous catheter (CVC) placement are the morphometry and topogra-
phy of the vessels used for cardiac lead or catheter advancement. Venous access 
through the left clavipectoral triangle makes use of the left brachiocephalic vein 
(BCV). The purpose of this study was to present the radiology images of various 

Materials and methods: Our analysis included 100 venography recordings illus-

assessed the mediastinal course of the left BCV, with its natural angles, including 
angle  (in the middle section of the vessel) and the two angles created by the 
left BCV and the left subclavian vein (angle ) and the left BCV and the superior 
vena cava (angle ).
Results: The mean values of angle  tended to be higher (approximately 141°) 
than those of the two remaining angles (  and ), which were comparable at 123° 
and 127°, respectively. An increase in mean angle  values were accompanied by 
increased mean angle  and  and  angles, 
in total, having values close to those of a right angle (90 ± 10º).
Conclusions: Individual variability of left BCV topography and morphology comes 
from developmental formation of the physiological angle in the middle section 
of this mediastinal vessel’s course. The presence of near-right angles along the 
course of left BCV may potentially result in injuries to the vessel during intravas-
cular procedures. (Folia Morphol 2023; 82, 1: 127–136)
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Figure 10. A, B. A.  and the 
B.  values.
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In most cases angle  

CONCLUSIONS

Figure 11.  value ranges. 
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Anatomo-topographic and histo-cytological 
study of dromedary’s spleen in Algeria
M.A. Fares
1Laboratory of Sciences and Technics of the Livings, Institute of Agriculture and Veterinary Sciences, Taoura,  
University of Souk Ahras, Algeria
2Laboratory of Animal Production, Biotechnologies and Health (PABIOS), Institute of Agriculture and Veterinary Sciences 
Taoura, University of Souk Ahras, Algeria

Background:

carry out research to determine the macroscopic and microscopic structure of spleen 
in this species, macroscopic study revealed that the spleen has a rectangular shape 
with a triangular section, rounded edges, a little bit striated, its surface is smooth 
in which the aspect of the capsule and the parietal surface is shiny and smooth, 

groups according to the animal’s body weight which increases with age. 
Materials and methods: Our study revealed that the groups show a different 
value of mass which declines towards a drop of the index, also the indexes of 
length and width are following a decreasing order. 
Results: The histological study revealed that the zone occupied by stroma did 

essentially of connective tissue and an inner layer of smooth muscle cells. Vascular 
and avascular trabeculae extend from the capsule. The immunohistochemistry 
study made it possible to visualise T lymphocytes of the splenic parenchyma us-
ing monoclonal antibodies where a statistical study was carried out to determine 
the composition of the various compartments of this organ. The localisation of 
immunocompetent cells in the splenic parenchyma has been elucidated with 

Conclusions: The red pulp occupied a maximum area of the spleen with an average 

and the interlobular zone contain many cells: macrophages, plasma cells, red 
blood cells, white blood cells and platelets. (Folia Morphol 2023; 82, 1: 137–146)
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Anoctamin 1 and c-Kit immunohistochemical 
study of interstitial cells of Cajal in the 
muscularis externa of human gastrointestinal 
tract

, M. Atteya
1Department of Chemistry, College of Science, King Abdulaziz University, Jeddah, Saudi Arabia
2Department of Anatomy, College of Medicine, King Saud University, Riyadh, Saudi Arabia

Background: Interstitial cells of Cajal (ICC) are widely distributed in human 

neurons and smooth muscles. They play a very important role of coordination 

-
chemistry staining methods, to determine the distribution of immune reactivity  
of anoctamin 1 (Ano1) compared with c-Kit, and to determine if Ano1 is a reliable 

Materials and methods: Specimens from the wall of stomach, small intestine, 
and colon were taken from human cadavers and processed for histological and 
immunohistochemical study using c-Kit and Ano1 primary antibodies. 
Results: Interstitial cells of Cajal appeared as bipolar cells, not forming network, in 
both the circular and longitudinal muscle layers, while in the myenteric area they 
appeared as multipolar interconnected cells. They were unevenly distributed in and 

more numerous in the stomach followed by the colon then the small intestine, 
and more numerous in the myenteric area followed by the circular muscle layer 
then the longitudinal muscle layer, in the three organs. Our results also showed 
that Ano1 is a more reliable marker for human ICC than c-Kit. 
Conclusions: Interstitial cells of Cajal differed in morphology and were unevenly 
distributed between muscle layers of muscularis externa and between different 

 (Folia Morphol 2023; 82, 1: 147–157)
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Evaluation of the angulation of the nasal 
septum deviation as an anatomical variation  
for increased frequency of antral pseudocyst:  
a cone-beam computed tomography study 

1Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Izmir Katip Celebi University, Izmir, Turkey
2Ministry of Health, Istanbul, Turkey
3

Background: The aim of the study was to determine whether degree of the 

formation by cone-beam computed tomography (CBCT).  
Materials and methods: This retrospective study was included 466 CBCT imag-
es. The NSD were categorised into four groups according to the degree: control 
group (no NSD, 0°–2°), group A (2°–9°), group B (9°–15°), and group C (  15°). 
The predictor variables were demographic factors (patient’s age and gender) and 
anatomic factors (different degrees of nasal septum angulation). The outcome 
variable was presence of AP. 
Results:

 

of AP occurred with NSD in group A (2.37 times higher; p = 0.003) and group B  
(2.07 times higher; p = 0.003) compared to control by univariate analysis. 
Conclusions:  

NSD increased the risk of AP formation. (Folia Morphol 2023; 82, 1: 158–165)
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Statistical analysis

Figure 1. 

Figure 2. -

Figure 3. 

Figure 4. 
to the right.

Figure 5. 
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RESULTS

concordance.

 

 
 

 

DISCUSSION

 

Table 1. 

Number of patients Minimum Maximum Mean Standard deviation

Age 

Table 2. 

Number Minimum Maximum Mean Standard deviation 

Table 3. 

N %

Female

Absence

Bilateral

Absence
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Table 5. 

Variables Antral pseudocysts

Presence (n = 150) Absence (n = 316) Univariate Age and gender adjusted results

Mean ± SD Mean ± SD OR [95% CI] P OR [95% CI] P

Age

N % N %
Gender

0.003*

Female

Direction of NSD

Straight

0.001* 0.001*

NSD

0.001* 0.001*

Absence

NSD angle

Absence

0.003* 0.003*

0.003* 0.005*

 standard deviation

Table 4. 
angle

Location of antral pseudocysts P-value

Right Left Bilateral Absence 

N % N % N % N %

NSD

Absence

Gender

Female

Direction of NSD

Straight

NSD angle

Absence
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CONCLUSIONS

None declared
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of the metopism and Wormian bones in dry  
adult-Chinese skulls

*
1

2  

Background: This study aimed to investigate the incidence, topographical distri-
bution, morphology, and interrelationship of the metopism and Wormian bones 
(WBs) in dry adult-Chinese skulls.
Materials and methods: In this study, 285 dried adult-Chinese skull specimens 
from the Department of Anatomy at the Southern Medical University were exam-
ined. The incidence of different types of metopism and WBs were recorded. The 

lengths and widths of the WBs were measured using a vernier calliper. 
Results: The incidence of metopism and WBs in Chinese adults were estimated 

distribution and morphological patterns. 
Conclusions: Chinese adults differ in incidence of metopism and WBs from 
adults of other races, indicating racial differences. The characteristics of WBs vary 
depending on the cranial site of occurrence. The metopism always accompanies 
WBs, but the WBs do not necessarily accompany metopism. (Folia Morphol 2023; 
82, 1: 166–175)

anatomical characteristics
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Statistical analysis

 

 

 
 

 ICC  ICC  
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RESULTS
The incidence and characteristics of the metopism

The incidence of WBs

 

The characteristics of the WBs in lambdoid, 

Table 1. 

No. Author(s) Year Population Specimen number (n) Incidence (%)

Bengali

Chinese

NA
th NA

Lachish NA

NA

NA

Chinese NA

NA

NA

NA

NA

NA

NA

Australian NA

NA

NA

Nigerian

Lebanese NA



J.-H. Li et al., 

The characteristics of the WBs at the pterion and 
asterion

Figure 1. A. B. Superior 
C. D.

in a cranial CT cross-section. 

DC

BA
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The characteristics of the Inca and lambda bones

 

 

 
 

Table 2. 

No. Author(s) Year Population Specimen number (n) Incidence (%)

Nepalese

Chinese

Chinese NA

NA

Australian NA

NA

NA

Lachish NA

NA

NA

NA

NA
th NA

NA

NA

NA
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and WBs

DISCUSSION

Figure 2. A. -
B.

C, D.

BA

DC
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congenital disorders (e.g. osteogenesis imperfecta 

Figure 3. A, B.
C, D.

BA

DC
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CONCLUSIONS

None declared

Figure 4. A, B. C.  
D.

BA
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O R I G I N A L    A R T I C L E

computed tomography three-dimensional 
reconstruction

, C. Tang *
1Department of Orthopaedics, Jiang’an Hospital of Traditional Chinese Medicine, Yibin Sichuan, China
2Department of Radiology, Yibin Third People’s Hospital, Yibin Sichuan, China
3Department of Internal Medicine, Jiang’an Hospital of Traditional Chinese Medicine, Yibin Sichuan, China
4  
Luzhou Sichuan, China
5  
Medical University, Luzhou Sichuan, China
6

7

Background: Internal malleolus fractures and postoperative functional limitations 
are serious complications of deltoid ligament repair, reconstruction, while studies 

home and abroad is reported rarely. Hence, this morphological study is mainly 

 
-dimensional reconstruction.
Materials and methods: From October 2018 to January 2021, 373 patients who 
underwent CT examination of malleolus medialis joint in the Jiang’an Hospital of 
Traditional Chinese Medicine were observed. The medial malleolus was observed 

medial malleolus types.
Results: According to the results of 373 cases, medial malleolus can be divided 

Conclusions: There are four main shapes: omega, inverted triangle, radical sign, 
and wave in the medial malleolus of all normal ankles. The measurement of medial 
malleolus parameters according to medial malleolus in different shapes was of 

-
ament reconstruction and epidemiological. (Folia Morphol 2023; 82, 1: 176–182)
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Statistical analyses

RESULTS

 
 

Figure 1. A–D.

 

DCBA

Figure 2. A–D.

DCBA
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DISCUSSION

Table 1. 

Distribution Male Female Left Right

Numbers

Table 2. 

Inverted triangle type Omega type Radical sign type Wave type

Numbers
bc c c

bc b

bc bc c

ac b c

c bc c

c c

ac c

c bc c

a b c
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 of wave type and radical sign 

 of omega type and inverted 

ment are needed.

CONCLUSIONS

None declared
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Accessory anterior ethmoidal nerve and artery:  
a cadaveric case report
D. Hage , A. Danaei
1Department of Neurosurgery, Tulane Centre for Clinical Neurosciences, Tulane University School of Medicine,  
New Orleans, LA, United States
2Department of Neurology, Tulane Centre for Clinical Neurosciences, Tulane University School of Medicine,  
New Orleans, LA, United States
3Dental and Oral Medical Centre, Kurume University School of Medicine, Kurume, Fukuoka, Japan
4  
Fukuoka, Japan
5University of British Columbia, Vancouver, Canada
6Department of Restorative Dentistry, University of Washington School of Dentistry, Seattle, WA, United States
7

8Department of Structural and Cellular Biology, Tulane University School of Medicine, New Orleans, LA, United States
9Department of Surgery, Tulane University School of Medicine, New Orleans, LA, United States
10Department of Neurosurgery and Ochsner Neuroscience Institute, Ochsner Health System,  
New Orleans, LA, United States
11University of Queensland, Brisbane, Australia

-
cedures involving the anterior cranial fossa. Many variations in the location and 

anatomical variations are important for surgeons to be familiar with as injury to 

tomography to minimise the risk of surgical complications. In this report, we 
present a rare case of a variant accessory anterior ethmoidal artery and nerve, 
and variations in the ethmoidal foramen found during cadaveric dissection. (Folia 
Morphol 2023; 82, 1: 183–186)

anatomy, variations, orbit
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cadaveric dissection.

CASE REPORT

DISCUSSION

 

complications. 

Figure 1.  

A. B.

A B
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CONCLUSIONS

None declared
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and Dorello’s canal
, C. Toader

1

2

Commonly, the trigeminal and abducens nerve course to the middle cranial fossa, 
beneath the tentorial border (posterior petroclinoid dural ligament) and, respec-

reported a rare unilateral association of anatomic variants which was found when 
the brain computed tomography angiography of a 56-year-old male patient was 

apex, resulting in a tentorial bar 1.96 cm long that transformed the trigeminal 

the opposite side a 2.9 mm long clinoid bar extended from the posterior clinoid 
process to the anterior one. Although these bars are not common in humans they 
should be documented in computed tomography in cases with associated trigem-
inal neuralgia and abducens nerve palsy. (Folia Morphol 2023; 82, 1: 187–189)

INTRODUCTION CASE REPORT



Folia Morphol., 2023, Vol. 82, No. 1

DISCUSSION

The tentorial bar

The petrosphenoidal bar

 

Figure 1. 

A. Non-contrast, 
B. Computed tomography angiography, 

B

A
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CONCLUSIONS
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Splitting of the distal median nerve 

1Tulane University School of Medicine, New Orleans, LA, United States
2Department of Anatomical Dissection and Donation, Medical University of Lodz, Poland
3Department of Neurosurgery, Tulane University School of Medicine, New Orleans, LA, United States
4Department of Neurology, Tulane Centre for Clinical Neurosciences, Tulane University School of Medicine,  
New Orleans, LA, United States
5  
Kurume, Fukuoka, Japan
6Department of Structural and Cellular Biology, Tulane University School of Medicine, New Orleans, LA, United States
7Department of Neurosurgery and Ochsner Neuroscience Institute, Ochsner Health System,  
New Orleans, LA, United States
8

9Department of Surgery, Tulane Centre for Clinical Neurosciences, Tulane University School of Medicine,  
New Orleans, LA, United States
10University of Queensland, Brisbane, Australia

during physical examination. Additionally, surgery in this region might encounter 
and potentially damage the nerve in such patients. Here, we present a case of  

review salient reports in the literature. Knowledge of such a variation can be  
important in patient diagnosis and treatment. (Folia Morphol 2023; 82, 1: 190–193)

INTRODUCTION
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Figure 1. -

Figure 2. 
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 interspace common digital nerve and was 

 

CONCLUSIONS 

None declared
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Unusual sensory innervation of the dorsal hand 
and why we should bear this variation in mind

,  
I.N. Dimitrova4

1  

2

3Department of Anatomical Dissection and Donation, Chair of Anatomy and Histology,  
Medical University of Lodz, Poland
4

5

6Department of Neurosurgery, Tulane University School of Medicine, New Orleans, LA, United States
7Department of Neurology, Tulane University School of Medicine, New Orleans, LA, United States
8Department of Structural and Cellular Biology, Tulane University School of Medicine, New Orleans, LA, United States
9Department of Neurosurgery, and Ochsner Neuroscience Institute, Ochsner Health System, New Orleans, LA, United States

branch of the radial nerve could be of great importance not only to anatomists 
but also to clinicians. A predominant radial nerve supply to the dorsum of the 
hand is rare. Herein, we present an unusual case of unilateral sensory innervation 
of the dorsal hand found during routine anatomical dissection of a 72-year-old at 
death male Caucasian cadaver. We also present a brief discussion of the reported 
variation and emphasize its potential clinical implications. (Folia Morphol 2023; 
82, 1: 194–197)
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Figure 1. A–C.
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Figure 2. 
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CONCLUSIONS

clinical practice.
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Rare left colic artery variation of the gut  
arterial system

, A.M. Taylor , D.T. Daly
1A.T. Still University Kirksville College of Osteopathic Medicine, Kirksville, MO, United States
2  
School of Medicine, Saint Louis, MO, United States

Most variations of the abdominal blood supply are related to branching of the 
coeliac trunk and superior mesenteric artery. This case details a remarkable varia-
tion in the branching pattern of the left colic artery (LCA) observed during routine 
cadaveric dissection of an 84-year-old male donor. An anomalous common trunk, 
originating from the common hepatic artery, gave rise to three branches: 1) an 
accessory posterior pancreaticoduodenal artery to the head of the pancreas and 
adjacent duodenum, 2) the dorsal pancreatic artery anastomosing with branches 
of the splenic artery, and 3) the LCA. The LCA descended between the splenic 

 
a collateral route with the middle colic artery by contributing to the marginal artery 
of Drummond. Knowledge of this variation is clinically relevant for surgical and 
radiological procedures in the abdomen. (Folia Morphol 2023; 82, 1: 198–204)

collateral, colon, liver, pancreas
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Figure 1. -

Figure 2. 

-
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Ascending palatine branch from the lingual 
artery with multiple other variations of the 
external carotid artery

, D. Hage , 

1

2Department of Neurosurgery, Tulane Centre for Clinical Neurosciences, Tulane University School of Medicine,  
New Orleans, LA, United States
3

4Department of Neurology, Tulane Centre for Clinical Neurosciences, Tulane University School of Medicine,  
New Orleans, LA, United States
5

6Department of Structural and Cellular Biology, Tulane University School of Medicine, New Orleans, LA, United States
7Department of Neurosurgery and Ochsner Neuroscience Institute, Ochsner Health System,  
New Orleans, LA, United States
8Dental and Oral Medical Centre, Kurume University School of Medicine, Kurume, Fukuoka, Japan
9  
Kurume, Fukuoka, Japan
10Department of Surgery, Tulane University School of Medicine, New Orleans, LA, United States

head and neck. Typically, it has 8 separate branches; but there are many ana-
-

tions without 3-dimensional imaging. This case study focuses on a cadaver with 

pharyngeal, and posterior auricular arteries, found during routine dissection of 
the right cadaveric neck. We also discuss the incidences of several other anatom-

complications. (Folia Morphol 2023; 82, 1: 205–210)

cadaver
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Other anatomical variations of the branches of 
the ECA

Figure 1. 



Ascending palatine branch of the lingual artery

 

Figure 2. 

Figure 3. 
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Figure 4. A.
B.

Figure 5. 
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An unusual variant of the atlantomastoid muscle
4, A. Aysenne ,  

1Department of Neurosurgery, Tulane University School of Medicine, New Orleans, LA, United States
2Department of Anatomical Dissection and Donation, Chair of Anatomy and Histology,  
Medical University of Lodz, Poland
3  

4Department of Normal and Clinical Anatomy, Chair of Anatomy and Histology, Medical University of Lodz, Poland
5Department of Neurology, Tulane University School of Medicine, New Orleans, LA, United States
6

7Department of Structural and Cellular Biology, Tulane University School of Medicine, New Orleans, LA, United States
8Department of Neurosurgery, and Ochsner Neuroscience Institute, Ochsner Health System,  
New Orleans, LA, United States

Knowledge of anatomical variations can be of use to clinicians and surgeons 
when, for example, viewing images of a patient or performing operations. Such 
knowledge can minimise the risk of iatrogenic complications. Herein, we present 

side in an adult cadaver. The muscle’s measurements and anatomical relationships 
are presented as well as a review of salient literature. We hope that increased 
knowledge of anatomical variants in the suboccipital region can improve patient 
care. (Folia Morphol 2023; 82, 1: 211–215)
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side, and no additional anatomical variations were 
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N.O. Blackwood et al., Atlantomastoid muscle

Figure 2. 

Figure 3. 
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ipsilaterally. 

Table 1. 
muscle

Number Sex Laterality Country

France

-

-
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prove interpretation of images and prevent misdiag
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Presence of accessory abductor digiti minimi 
muscle in two cadavers

, R.E. Larson
1Campbell University School of Osteopathic Medicine, Buies Creek, United States
2Department of Anatomy, Buies Creek, United States

During routine cadaveric dissection, accessory hypothenar muscles were inci-
dentally discovered in two cadavers, both males, aged 86 and 92. Both muscles 
originated from the palmaris longus tendon in the distal portion of the forearm 

their association with abductor digiti minimi. While AADM is a common variant in 
the antebrachium, it is less typical for them to originate from the palmaris longus 
tendon. The presence of such an AADM could complicate surgical procedures 

neurovasculature — namely the ulnar nerve as it passes through the ulnar ca-
nal between the pisiform and hook of the hamate — could be compressed by 
contractions of an AADM with such a proximal origin. This can manifest as ulnar 

of variation of the palmaris longus and abductor digiti minimi muscles while 
considering potential clinical implications. (Folia Morphol 2023; 82, 1: 216–220)

medicine
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Table 1. 

Muscle Origin Insertion Action

Abductor digiti minimi  
th

th digit

Abductor digiti minimi muscle belly th digit

th th digit

Opponens digiti minimi th metacarpal Lateral rotation and opposition 
th digit

Figure 1.  

-
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CONCLUSIONS
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Previously unreported variant of the rectus 
femoris muscle
V.A. Moore
1Department of Structural and Cellular Biology, Tulane University School of Medicine, New Orleans, LA, United States
2Department of Anatomical Dissection and Donation, Medical University of Lodz, Poland
3  

4Department of Neurosurgery, Tulane University School of Medicine, New Orleans, LA, United States
5Department of Neurology, Tulane Centre for Clinical Neurosciences, Tulane University School of Medicine,  
New Orleans, LA, United States
6Department of Neurosurgery and Ochsner Neuroscience Institute, Ochsner Health System,  
New Orleans, LA, United States
7

8Department of Surgery, Tulane Centre for Clinical Neurosciences, Tulane University School of Medicine,  
New Orleans, LA, United States
9University of Queensland, Brisbane, Australia

-
ceps femoris. Such variations might be encountered in the clinical setting so these 
should be documented. Here, we report three additional heads related to the 

our knowledge, such a variation has not been previously reported. (Folia Morphol 
2023; 82, 1: 221–224)
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anatomical variations is important.
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Figure 1. A.
B.

A

B



V.A. Moore et al., Variation of the rectus femoris muscle
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ceps femoris. 

 

CONCLUSIONS
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The ulnar head of the pronator teres muscle 
originating from the third head of the biceps 
brachii: a very rare case

1Department of Anatomical Dissection and Donation, Medical University of Lodz, Poland
2

3Department of Neurosurgery, Tulane University School of Medicine, New Orleans, LA, United States
4Department of Neurology, Tulane University School of Medicine, New Orleans, LA, United States
5Department of Structural and Cellular Biology, Tulane University School of Medicine, New Orleans, LA, United States
6Department of Surgery, Tulane University School of Medicine, New Orleans, LA, United States
7Department of Neurosurgery, Ochsner Medical Centre, New Orleans, LA, United States

The biceps brachii is located in the anterior compartment of the arm, which 
can show numerous morphological variations. During anatomical dissection, an 
interesting additional muscle was found: the third head of the biceps brachii 
originated from the short head of the same muscle. The 97.77 mm long muscle 
belly was directed medially over the arm and then passed into the common tendon 
(15.97 mm), which thereafter split into aponeurosis and tendon. The 26.33 mm  
aponeurosis passed and joined the fascia of the forearm. The tendon of the third 
head of the biceps brachii then gave rise to the ulnar head of the pronator teres 
muscle. Such an accessory structure could cause neurovascular compression 
involving the brachial artery and median nerve. Knowledge of the morphological 
variability of this region is essential not only for anatomists but also for clinicians. 
(Folia Morphol 2023; 82, 1: 225–230)
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Third head of the biceps brachii
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