
Vol. 82        2023       No. 3

ISSN 0015–5659
eISSN 1644–3284

Impact Factor: 1.2

https://journals.viamedica.pl/folia_morphologica



The journal is published at: https://journals.viamedica.pl/folia_morphologica in one volume per year consisting  
of four numbers. 
Subscription rates:  

 
 
 

 

Advertising.
 

Folia Morphologica
 

All rights reserved, including translation into foreign languages. No part of this periodical, either text or  
 

 
 
 

Folia Morphologica is indexed by: BIOSIS Previews, CAS, CINAHL, CrossRef, Dental Abstracts, EBSCO, Elsevier  

 
Periodicals Directory, Veterinary Bulletin, WorldCat and Zoological Record. Position in Index Copernicus ranking  

 

 

EDITOR-IN-CHIEF

https://journals.viamedica.pl/folia_morphologica

See our website for information on manuscript status, aims and scope,  
instructions for authors as well as editorial board.

Folia Morphologica

VM Media Group sp. z o.o., Grupa Via Medica
 

 
Managing editor 
Joanna Niezgoda 

Cover designer 



Editor-in-Chief

Department of Normal Anatomy, Pomeranian Medical University

EDITORIAL ADVISORY BOARD

Rafael BOSCOLO-BERTO, Department of Neuroscience, 
University of Padova, Italy

Franciszek BURDAN, Experimental Teratology Unit  
of the Human Anatomy Department, Medical University  
of Lublin, Poland

BRUSKA, Department of Anatomy,  

Mafalda CACCIOTTOLO, USC Leonard Davis School  
of Gerontology, University of Southern California,  
Los Angeles, United States

Stephen W. CARMICHAEL, Department of Anatomy,  
Mayo Clinic, Rochester, United States

 Department of Human Anatomy,  
Medical University of Warsaw, Poland

Om Prakash CHOUDHARY, Department of Veterinary Anatomy, 
Guru Angad Dev Veterinary and Animal Sciences University, 
Bathinda, Punjab, India

Carla D’AGOSTINO, Neuromuscular Center, University  
of Southern Califonia, Los Angeles, CA, United States

Halina DOBRZYNSKI, Cardiovascular Sciences, Faculty of Biology,  
Medicine and Health, University of Manchester,  
United Kingdom

, Department of Anatomy,  

Rastislav DRUGA, Department of Functional Anatomy,  
2nd Medical Faculty Charles University, Prague, Czech Republik

Department of Veterinary Medicine, 
University of Sassari, Italy

Marek GRZYBIAK, Elblag University of Humanities and 
Economics, Elblag, Poland

, Stereological Research  
Laboratory, University of Aarhus, Denmark

Kazimierz , Department of Anatomy,  

Leszek KACZMAREK, Department of Molecular Cell 
Neurobiology, Nencki Institute, Warsaw, Poland

Ilona KLEJBOR, Department of Anatomy, Jan Kochanowski 
University of Kielce, Poland

 Department of Histology,  

 Department of Morphological Sciences,  
Warsaw, Agricultural University, Poland

, Department of Human Anatomy  
and Physiology, Pomeranian University in Slupsk, Poland

Marios LOUKAS, Department of Anatomical Sciences, School  
of Medicine, St. George’s University, Grenada, West Indies

Andrzej , Department of Histology and Embryology, 

Alexander J. McDONALD, Department of Cell Biology  
and Neuroscience, USC  School of Medicine,  
Columbia, United States

MOSKALEWSKI, Department of Histology  
and Embryology, Medical University of Warsaw, Poland

 OLEWNIK, Department of Normal and Clinical Anatomy, 

Orlando PACIELLO, Dipartimento di Patologia e Sanita animale,  
Univesita degli Studi di Napoli Federico II, Napoli, Italy

Asla PITKÄNEN, Department of Neurobiology,  
A.I. Virtanen Institute, University of Kuopio, Finland

, Department of Angiology,  

Marcin SADOWSKI, Department of Anatomy, Jan Kochanowski 
University of Kielce, Poland

STACHOWIAK, Department of Molecular and 
Structural Neurobiology and Gene Therapy, State University  
of New York, Buffalo, United States

, Department of Histology and Embryology,  
Warsaw University of Life Sciences, Poland

, Department of Anatomy, Nicolaus  
 

in Bydgoszcz, Poland

Edyta SZUROWSKA, 2nd Department of Radiology,  

Jean-Pierre TIMMERMANS, Laboratory of Cell Biology and 
Histology/Central Core Facility for Microscopic Imaging, 
Department of Veterinary Sciences,  
University of Antwerp, Belgium

 Department of Angiology, 

Department of Anatomy,  

Krzysztof TURLEJSKI, Department of Biochemistry  
and Cell Biology, Cardinal Stefan Wyszynski University,  
Warsaw, Poland

Jiro USUKURA, Structural Biology Research Center,  
Nagoya, Japan

Jerzy WALOCHA, Department of Anatomy, Jagiellonian 

Mark J. WEST, Department of Neurobiology,  
Institute of Anatomy, Åarhus University, Denmark

 Department of Anatomy and Neurobiology, 

Maciej ZABEL, Collegium Medicum University of  
Zielona Gora, Poland

Marco ZEDDA, Department of Veterinary Medicine,  
University of Sassari, Italy





 

R E V I E W    A R T I C L E

449

 

Thiel embalming method used for anatomy 
dissection as an educational tool in teaching 
human anatomy, in research, and in training 
in comparison of different methods 
for long term preservation

University of Maribor, Faculty of Medicine, Institute of Anatomy, Histology, and Embryology, Maribor, Slovenia

and development in medicine. Fresh-frozen cadavers initially exhibit natural colour, 

requirement of freezers for storage and a few weeks’ work time because of fast 

cadavers is embalmed cadavers. The requested characteristic needed for successful 
embalming is acceptable long-term structural preservation of organs and tissues 
with minimal deformity and prevention of outward aspects. Scientists are trying to 
develop an ideal embalming solution to preserve the human body. Such a solution 

or bacterial growth. Cadavers should be in a condition comparable to that of an 
unembalmed cadaver, and the chemicals used in the solution should not be harmful 
to persons during manipulation. The promising results have been obtained by the 
use of different embalming techniques by many faculties of medicine as a tool to 
enhance the teaching of anatomy to students. (Folia Morphol 2023; 82, 3: 449–456)
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R E V I E W    A R T I C L E

Systematic literature study of trachea and 
bronchus morphology in children and adults

Department of Anatomy, Faculty of Medicine, Gazi University, Ankara, Turkey

Understanding the dimensions of the lower airway is critical for performing respira-
tory surgery, selecting and designing appropriate airway equipment, and removing 
aspirated foreign bodies via bronchoscopy, anaesthesia, and radiography. The 
purpose of this study was to analyse the trachea and bronchus morphologically 
in children and adults, as well as to standardise the data for these structures’ 
measurements. Various databases were reviewed for studies on lower airway 
dimensions. The criteria for inclusion and exclusion were established. Finally, it 
was agreed to look into 28 studies that took place between 1984 and 2021. The 
length of the trachea, its anterior-posterior (AP) and transverse dimensions, the 
lengths and transverse diameters of the right and left major bronchus, and the 
subcarinal angle were also investigated in the study. In studies where measure-
ments were performed with different methods and procedures. It was revealed 
that age and gender were effective in the difference in lower respiratory tract 
dimensions. The mean values of all parameters were greater in adults than in 
children, the AP diameter of the trachea in adults was greater than the transverse 
diameter. In children, it was observed that the transverse diameter was larger 
than the AP diameter on average, the left main bronchus was longer than the 
right main bronchus, and the transverse diameter was smaller than the right main 
bronchus in most of the studies. The articles reviewed for this study revealed that 
measurements were done using a variety of different procedures and approach-
es, and the resulting data were inconsistent and could not be standardized. The 

additional comparison research involving children and adults in bigger groups are 
necessary. (Folia Morphol 2023; 82, 3: 457–466)

INTRODUCTION
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MATERIALS AND METHODS



Trachea and bronchus morphology

Analytical statistics

RESULTS

 

Table 1. General descriptive data on lower airway studies in children

Studies Age Number of people Parameter Method

Griscom and Wohl 
(1986)

0–18 years 119 people (64 M, 55 F) Trachea length, AP and transverse diameters, cross- 
-sectional area, volume

CT 

Herek et al. (2017) 0–18 years 118 children (67 M, 51 F) SCA, RBA, LBA, IBA CT 

Breatnach et al. 
(1984)

10–18 years 48 children (26 M, 22 F) AP and transverse diameters of trachea Chest X-ray

Kuo et al. (2018) 0–18 years 240 people (155 M, 85 F) Trachea length, transverse diameter, right and left main 
bronchus diameters

CT 

Ulusoy et al. (2016) 0–18 years 41 people (26 M, 15 F) AP and transverse diameters of trachea, trachea cross- 
-sectional area, RBA, LBA, IBA

Multidetector CT 

Jit and Jit (2000) 0–18 years 60 children (30 M, 30 F) Trachea length, AP and transverse diameters,  
right and left main bronchus lengths and  
transverse diameters, subcarinal angle

Cadaver study

Chalwadi et al. 
(2021)

0–18 years 110 children (54 M, 56 F) AP, transverse diameters and cross-sectional areas  
of trachea, right and left main bronchus

CT 

Tan and Tan-Kendrick 
(2002)

2 days–16 years 250 children (133 M, 117 F) Right and left main bronchus transverse diameters CT 

Luscan et al. (2020) 1 day–14 years 192 children (127 M, 65 F) Trachea length, AP and transverse diameters, right and left 
main bronchus lengths, AP and transverse diameters

CT 

Aslan et al. (2015) 0–16 years 520 people (246 M, 274 F) Trachea diameters of right and left main bronchus Chest X-ray

Szelloe et al. (2017) 0–16 years 195 people (118 M, 77 F) Trachea, right and left main bronchus, AP diameter,  
transverse diameter, cross-sectional area

CT 

Tahir et al. (2009) < 16 years 156 people (84 M, 72 F) Trachea, right and left main bronchus transverse diameters, 
RBA, LBA, SCA

Chest X-ray

Kubota et al. (1986) 0–13 years 259 babies and children RBA, LBA, SCA Chest X-ray

M — male; F — female; AP — anterior-posterior diameter; RBA — right bronchial angle; LBA — left bronchial angle; IBA — interbronchial angle; SCA — subcarinal angle;  
CT — computed tomography image
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Table 2. General descriptive data on lower airway studies in adults

Studies Age Number of people Parameter Method

Breatnach et al. 
(1984)

20–79 years 760 people (404 M, 356 F) Trachea length, AP and transverse diameters,  
cross-sectional area, volume

CT 

Tuncer (2019) Average:  
52 years

150 people (81 M, 69 F) Trachea length, AP and transverse diameters, right and left 
main bronchus lengths, lobar bronchus lengths

CT 

Ulusoy et al. (2016) 19–74 years 212 people (116 M, 96 F) AP and transverse diameters of trachea, cross-sectional 
area of trachea, RBA, LBA, IBA

Multidetector CT 

Jit and Jit (2000) 18–75 years 370 people (220 M, 150 F) Trachea length, AP and transverse diameters, right and left 
main bronchus lengths and diameters, RBA, LBA, SCA

Cadaver study

Zahedi-Nejad et al. 
(2011)

20–85 years 200 people (132 M, 68 F) AP and transverse diameters of trachea, cross-sectional 
area of trachea, diameters of right and left main bronchus

CT 

Mi et al. (2015) 18–89 years 2107 people  
(1143 M, 964 F)

Trachea length, AP and transverse diameters, right and left 
main bronchus lengths and diameters, RBA, LBA,  

right upper lobe bronchus length and angle

CT 
3D

Tamang et al. (2017) Adult individuals 40 people (20 M, 20 F) Length and transverse diameter of trachea, SCA Cadaver study

Sakuraba et al. 
(2010)

Average:  
58 years

146 people (55 M, 91 F) Trachea transverse diameter Chest X-ray
CT 

Chen et al. (2020) 18–89 years 2093 people  
(1136 M, 957 F)

Length and diameter of right main bronchus, right upper 
lobe length, diameter and angle of the bronchus, RBA

CT 

Premakumar et al. 
(2018)

70–96 years 10 people (8 M, 2 F) Trachea, AP and transverse diameters Cadaver study

Lee et al. (2014) 21–78 years 160 people (80 M, 80 F) Right-left main bronchus length, AP and  
transverse diameters

3D 
CT 

Kim and Song (2017) 47–91 years 48 cadavers (33 M, 15 F) Right and left main bronchus, lenght,  
AP and transverse diameters, SCA

Cadaver study

Bhandari et al. (2018) over 18 years 182 cadavers (132 M, 50 F) Trachea, AP and transverse diameters Cadaver study

Kamel et al. (2009) CT image: 
22–88 years

Cadaver study: 
68–101 years

CT: 60 people  
(40 M, 20 F)

Cadaver: 10 people  
(7 M, 3 F)

Trachea length, AP and transverse diameters,  
tracheal volume, SCA

CT 
Cadaver study

Otoch et al. (2013) 18–83-years-old 
male patients

134 people Trachea, length of right main bronchus Cadaver study

Datta et al. (2019) 20–65 years 60 cadavers (30 M, 30 F) Trachea, AP and transverse diameters Cadaver study

Hampton et al. 
(2000)

Adult individuals 206 people (130 M, 76 F) Trachea diameter, right and left main  
bronchus diameters

Chest X-ray

Kim et al. (2014) 19–80 years 200 people (100 M, 100 F) Right and left main bronchus lengths,  
AP and transverse diameters

CT 
3D

M — male; F — female; AP — anterior-posterior diameter; RBA — right bronchial angle; LBA — left bronchial angle; IBA — interbronchial angle; SCA — subcarinal angle;  
CT — computed tomography image; 3D — three-dimensional reconstruction
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DISCUSSION

Table 3. Descriptive statistics of measurements of trachea and bronchus in children

LMB TR 
diameter

LMB 
length

RMB TR 
diameter

RMB 
length

SCA Trachea AP 
diameter

Trachea TR 
diameter

Trachea 
length

Age 0–18 0–18 0–18 0–18 0–18 0–18 0–18 0–18

Min 0.68 3.48 0.73 1.76 56.10 0.78 0.95 6.19

Max 1.10 5.17 1.34 2.47 83.00 1.58 1.74 9.36

Range 0.42 1.69 0.61 0.71 26.90 0.80 0.79 3.17

Mean 0.85 4.09 0.97 2.05 71.53 1.19 1.28 7.52

SD 0.14 0.94 0.20 0.37 10.25 0.29 0.27 1.36

95.0% lower CI for mean 0.73 1.77 0.81 1.13 60.77 0.92 1.07 5.36

95.0% upper CI for mean 0.96 6.42 1.14 2.97 82.28 1.46 1.49 9.68

Median 0.83 3.63 0.98 1.93 73.12 1.10 1.14 7.27

95.0% lower Cl for median 0.70 3.48 0.75 1.76 63.25 0.94 1.13 6.19

95.0% upper Cl for median 0.96 5.17 1.10 2.47 80.56 1.58 1.60 9.36

Percentile 05 0.68 3.48 0.73 1.76 56.10 0.78 0.95 6.19

Percentile 25 0.75 3.48 0.83 1.76 63.25 0.94 1.13 6.56

Percentile 75 0.92 5.17 1.06 2.47 80.56 1.50 1.50 8.48

Percentile 95 1.10 5.17 1.34 2.47 83.00 1.58 1.74 9.36

Values are presented as centimetre and degree; LMB — left main bronchus; RMB — right main bronchus; SCA — subcarinal angle; AP — anterior-posterior; TR — transvers;  

Table 4. Descriptive statistics of measurements of trachea and bronchus in adults

LMB TR 
diameter

LMB 
length

RMB TR 
diameter

RMB 
length

SCA Trachea AP 
diameter

Trachea TR 
diameter

Trachea 
length

Age 18–89 18–89 18–89 18–89 18–89 18–89 18–89 18–89

Min 0.94 3.68 1.08 1.23 52.48 1.11 1.23 8.13

Max 1.69 10.15 1.91 11.35 82.12 2.14 2.57 13.25

Range 0.75 6.47 0.83 10.12 29.64 1.03 1.34 5.12

Mean 1.26 5.25 1.40 2.93 72.14 1.75 1.66 10.08

SD 0.28 2.19 0.27 3.24 10.48 0.25 0.33 1.39

95.0% lower CI for mean 1.02 3.22 1.20 0.44 61.14 1.59 1.47 9.09

95.0% upper CI for mean 1.49 7.28 1.61 5.42 83.14 1.91 1.84 11.08

Median 1.17 4.59 1.32 1.68 74.44 1.80 1.65 10.20

95.0% lower CI for median 1.07 4.29 1.25 1.36 71.37 1.72 1.58 9.20

95.0% upper CI for median 1.66 10.15 1.76 3.30 78.00 1.85 1.75 10.38

Percentile 05 0.94 3.68 1.08 1.23 52.48 1.11 1.23 8.13

Percentile 25 1.08 4.29 1.25 1.36 71.37 1.72 1.51 9.20

Percentile 75 1.46 4.83 1.46 2.55 78.00 1.85 1.75 10.38

Percentile 95 1.69 10.15 1.91 11.35 82.12 2.14 2.57 13.25

Values are presented as centimetre and degree; LMB — left main bronchus; RMB — right main bronchus; SCA — subcarinal angle; AP — anterior-posterior; TR — transvers;  
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Table 5. Studies examining the sizes of trachea and bronchus 
in children

Studies Parameters

RMB TR diameter LMB TR diameter

Kuo [23] M: 1.12; F: 1.06 M: 0.87; F: 0.78

Jit [18] Average: 0.9 Average: 0.82

Chalwadi [6] Average: 1.02 Average: 0.96

Tan [35] Average: 0.75 Average: 0.7

Luscan [25] Average: 1.01 Average: 0.88

Aslan [2] Average: 0.94 Average: 0.8

Tahir [33] M: 0.77; F: 0.68 M: 0.7; F: 0.67

RMB length LMB length

Jit [18] Average: 1.93 Average: 3.48

Luscan [25] Average: 1.76 Average: 3.63

Trachea AP diameter Trachea TR diameter

Griscom [14] M: 1.1; F: 1.08 M: 1.14; F: 1.14

Breatnach [5] M: 1.54; F: 1.45 M: 1.55; F: 1.44

Ulusoy [37] M: 1.22; F: 0.94 M: 1.37; F: 0.99

Jit [18] Average: 1.32 Average: 1.13

Chalwadi [6] Average: 1.1 Average: 1.16

Luscan [25] Average: 0.78 Average: 1.02

Szelloe [32] Average: 0.94 –

Kuo [23] – M: 1.32; F: 1.2

Aslan [2] – Average: 1.14

Tahir [33] – M: 1.02; F: 0.91

Trachea length Subcarinal angle

Griscom [14] M: 9.45; F: 9.28 –

Kuo [23] M: 7.06; F: 6.09 –

Jit [18] Average: 6.09 Average: 56.10°

Luscan [25] Average: 7.6 –

Herek [17] – Average: 80.56°

Ulusoy [37] – M: 72.55; F: 69.6°

Aslan [2] – Average: 63.25° 

Kubota [22] – Average: 83°

Values are presented as centimetre and degree; LMB — left main bronchus;  
RMB — right main bronchus; AP — anterior-posterior; TR — transverse; M — male; 
F — female

Table 6. Studies examining the sizes of trachea and bronchus 
in adult

Studies Parameters

RMB TR diameter LMB TR diameter

Ulusoy [37] Average: 1.34 Average: 1.1

Jit [18] M: 1.36; F: 1.1 M: 1.16; F: 0.94

Mi [27] M: 1.41; F: 1.21 M: 1.16; F: 1.0

Lee [24] (2D) M: 1.98; F: 1.84  M: 1.82; F: 1.56

Lee [24] (3D) M: 1.56; F: 1.21 M: 1.35; F: 1.01

Kim [21] M: 1.89; F: 1.65 M: 1.7; F: 1.44

Kim [20] M: 1.51; F: 1.18 M: 1.3; F: 0.99

Hampton [15] M: 1.5; F: 1.38 M: 1.3; F: 1.18

Zahedi-Nejad [42] M:1.16; F: 0.93 M: 1.02; F: 0.8

Chen [7] M: 1.41; F: 1.21 –

RMB length LMB length

Tuncer [36] M: 12.56; F: 10,15 M: 11.38; F: 8.71

Ulusoy [37] Average: 2.47 Average: 5.17

Jit [18] M: 2.68; F: 2.37 M: 4.81; F: 4.37

Mi [27] M: 1.41; F: 1.29 M: 5.0; F: 4.62

Lee [24] (2D) M: 1.38; F: 1.37 M: 4.36; F: 4.19

Lee [24] (3D) M: 1.34; F: 1.18 M: 4.82; F: 4.36

Kim [21] M: 1.68; F: 1.69 M: 3.72; F: 3.6

Kim [20] M: 1.29; F: 1.17 M: 4.78; F: 4.35

Chen [7] M: 2.37; F: 2.15 –

Otoch [28] Average: 3.3 –
Trachea AP diameter Trachea TR diameter

Breatnach [5] M: 2.01; F: 1.63 M: 1.92; F: 1.62

Tuncer [36] M: 1.98; F: 1.55 M: 1.85; F: 1.49

Ulusoy [37] M: 1.76; F: 1.35 M: 1.94; F: 1.51

Jit [18] M: 2.0; F: 1.62 M: 1.65; F: 1.3

Zahedi-Nejad [42] M: 1.96; F: 1.47 M: 1.8; F: 1.43

Mi [27] M: 1.9; F: 1.49 M: 1.71; F: 1.49

Premakumar [30] Average: 1.72 Average: 1,73

Bhandari [4] M: 1.89; F: 1.58 M: 1.32; F: 1.05

Kamel [19] (CT) M: 2.26; F: 1.92 M: 2.71; F: 2.29

Kamel [19] (Cadaver) M: 2.17; F: 1.55 M: 2.13; F: 1.78

Datta [9] M: 1.55; F: 1.37 M: 1.29; F: 1.2

Sakuraba [31] (CT) – M: 1.74; F: 1.48

Sakuraba [31]  
(Chest X-ray)

– M: 1.77; F: 1.58

Otoch [28] Average: 1.85 –

Tamang [34] – M: 1.85; F: 1.34

Hampton [15] – Average: 1.79

Trachea length Subcarinal angle

Jit [18] M: 8.93; F: 8.19 M: 51.2°; F: 54.3°

Tamang [34] M: 11.13; F: 9.58 M: 72.15°; F: 70.6°

Kamel [19] (CT) M: 10.5; F: 9.83 M: 76°; F: 81°
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AP and transverse diameters of trachea

 

Table 6. cont. Studies examining the sizes of trachea and bron-
chus in adult

Studies Parameters

Kamel [19] (Cadaver) M: 10.26; F: 9.6 –

Mi [27] M: 10.7; F: 10.1 M: 75.2°; F: 80.1°

Tuncer [36] M: 14.24; F: 12.26 –

Premakumar [30] Average: 10.38 –

Bhandari [4] M: 8.28; F: 7.75 –

Otoch [28] Average: 9.2 –

Datta [9] M: 10.42; F: 9.81 –

Ulusoy [37] – M: 71.5°; F: 76.4°

Kim [20] – M: 83.4°; F: 79°

Values are presented as centimetre and degree; LMB — left main bronchus; RMB —  
right main bronchus; AP — anterior-posterior; TR — transverse; CT — computed  
tomography; 2D — two-dimensional image; 3D — three-dimensional image; M — male; 
F — female
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some clinical scenarios. Enlargement of mediastinal 

CONCLUSIONS

 

Figure 1. Three-dimensional model of tracheobronchial tree; a — 
trachea length; b — trachea anterior-posterior diameter; c — tra-
chea transvers diameter; d — right main bronchus length; e — left 
main bronchus length; f — right main bronchus transvers diameter; 
g — left main bronchus transvers diameter; h — subcarinal angle.
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4Department of Surgery, 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 Neurosurgery and Ochsner Neuroscience Institute, Ochsner Health System, New Orleans, LA, United States 
7Department of Anatomical Sciences, St. George’s University, Grenada, West Indies 
8Department of Normal and Clinical Anatomy, Medical University of Lodz, Poland

The rapid development of sciences such as genetics and molecular biology of-
fers hope that better therapeutic methods can be developed and diagnosis and 
treatment made more effective. However, we must not forget that the basis for 
understanding the complex mechanisms of diseases and associated symptoms is 
knowledge of the relevant location and correlation among organs. In the present 

-
phragm is a muscular structure that separates the abdominal and chest cavities. 

formerly assumed. A rich network of collaterals makes this vessel important in 
the development of neoplasms and metastases. Knowledge of anatomical vari-
ants of the inferior phrenic artery is also crucial for radiological procedures such 
as embolisation. The main aim of this study is to review the involvement of the 
inferior phrenic artery in physiological and pathophysiological processes. This 
work has value for all practicing doctors, especially radiologists and surgeons. 
(Folia Morphol 2023; 82, 3: 467–477)

INTRODUCTION
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necessary for clinical practice, especially for radiolo

ANATOMICAL VARIANTS

 —

 —  
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gations.

Table 1. Types of right inferior phrenic artery and left inferior phrenic artery origin by a common trunk

Types of origin Greig et al., 
1951

Loukas et al., 
2005

Kimura et al., 
2007

Basile et al., 
2008

Gürses et al., 
2015

Aslaner et al., 
2017

Szewczyk et 
al., 2020

Abdominal aorta 18.1% 31% 21% 21% 11.53% 16.4% 6.24%

Coeliac trunk 12.1% 11% 9% 16% 7.69% 12.6% –

Right renal artery – – – – - 0.4% –

Left gastric artery 0.7% – – - – 0.1% –

Table 2. Types of separate origin of right inferior phrenic artery (without common trunk)

Types of origin Greig et al., 
1951

Loukas et al., 
2005

Kimura et al., 
2007

Basile et al., 
2008

Gürses et al., 
2015

Aslaner et al., 
2017

Abdominal aorta 28% 30.67% 36% 28% 50% 25.2%

Coeliac trunk 29.2% 36% 20.79% 25% 3.85% 30.7%

Right renal artery – 17% 11% 5.5% 7.69% 10.4%

Left gastric artery 1.9% 3% 2% 4% 3.85% 4.1%

Common hepatic artery – – – – – 0.1%

Accessory right hepatic artery 0.2% – – – – –

Spermatic artery 0.2% – – – – –

Dorsal pancreatic artery – – 1% – – –

Proper hepatic artery – 2% – 0.5% – –

Table 3. Types of separate origin of left inferior phrenic artery (without common trunk)

Types of origin Greig et al., 1951 Loukas et al., 2005 Basile et al., 2008 Gürses et al., 2015 Aslaner et al., 2017

Abdominal aorta 25.9% 37.67% 26.5% 34.61% 25.2%

Coeliac trunk 40% 43% 28% 23.07% 40.3%

Left gastric artery 1.9% 2% – – 2.4%

Left renal artery – 5% 1% – 2%

Left hepatic artery – – – – 0.5%

Right renal artery – – – – 0.1%

Accessory left hepatic artery 0.2% – – – –

Proper hepatic artery – 1% – – –

Splenic artery – – 1% – –
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Figure 1. A. Right inferior phrenic 
artery (RIPA) (without common trunk) 
from abdominal aorta; B. RIPA (without 
common trunk) from coeliac trunk;  
C. RIPA (without common trunk) from 
right renal artery; D. RIPA (without 
common trunk) from the left gastric 
artery; AA — abdominal aorta; CA — 
coeliac artery; SA — splenic artery; 
CHA — common hepatic artery; LGA 
— left gastric artery; RRA — right 
renal artery; LRA — left renal artery; 
SMA — superior mesenteric artery; 
IMA — inferior mesenteric artery.

A

C

B

D

Figure 2. A. Right inferior phrenic 
artery (RIPA) (without common trunk) 
from common hepatic artery; B. RIPA 
(without common trunk) from accessory 
right hepatic artery; C. RIPA (without 
common trunk) from spermatic artery; 
D. RIPA (without common trunk) from 
the dorsal pancreatic artery; AA — ab-
dominal aorta; CA — coeliac artery; SA 
— splenic artery; CHA — common he-
patic artery; LGA — left gastric artery; 
RRA — right renal artery; LRA — left 
renal artery; SMA — superior mesen-
teric artery; IMA — inferior mesenteric 
artery; LHA — left hepatic artery; RHA 
— right hepatic artery; PSP — posterior 
superior pancreaticoduodenal artery; 
PSA — superior pancreaticoduodenal 
artery; PHA — proper hepatic artery; 
AGD — gastroduodenal artery; aRHA 
— accessory right hepatic artery; SpA 
— spermatic artery; DPA — dorsal 
pancreatic artery.

A

C

B

D
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A

C

B

D

Figure 3. A. Right inferior phrenic artery 
(RIPA) (without common trunk) from 
proper hepatic artery; B. Left inferior 
phrenic artery (LIPA) (without common 
trunk) from abdominal aorta; C. LIPA 
(without common trunk) from coeliac 
trunk; D. LIPA (without common trunk) 
from the left gastric artery; AA — ab-
dominal aorta; CA — coeliac artery; 
SA — splenic artery; CHA — common 
hepatic artery; LGA — left gastric artery; 
RRA — right renal artery; LRA — left 
renal artery; SMA — superior mesen-
teric artery; IMA — inferior mesenteric 
artery; LHA — left hepatic artery; RHA 
— right hepatic artery; PSP — posterior 
superior pancreaticoduodenal artery; 
PSA — superior pancreaticoduodenal 
artery; PHA — proper hepatic artery; 
AGD — gastroduodenal artery.

Figure 4. A. Left inferior phrenic artery 
(LIPA) (without common trunk) from left 
renal artery; B. LIPA (without common 
trunk) from left hepatic artery; C. LIPA 
(without common trunk) from right 
renal artery; D. LIPA (without common 
trunk) from accessory left hepatic 
artery; AA — abdominal aorta; CA — 
coeliac artery; SA — splenic artery; 
CHA — common hepatic artery; LGA 
— left gastric artery; RRA — right 
renal artery; LRA — left renal artery; 
SMA — superior mesenteric artery; 
IMA — inferior mesenteric artery; 
LHA — left hepatic artery; RHA — 
right hepatic artery; PSP — posterior 
superior pancreaticoduodenal artery; 
PSA — superior pancreaticoduodenal 
artery; PHA — proper hepatic artery; 
AGD — gastroduodenal artery; aLHA 
— accessory left hepatic artery.

A

C

B

D
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Figure 5. A. Left inferior phrenic artery 
(LIPA) (without common trunk) from 
proper hepatic artery; B. LIPA (without 
common trunk) from splenic artery;  
C, D. Accessory inferior phrenic artery 
from the inferior phrenic artery; AA — 
abdominal aorta; CA — coeliac artery; 
SA — splenic artery; CHA — common 
hepatic artery; LGA — left gastric 
artery; RRA — right renal artery; LRA 
— left renal artery; SMA — superior 
mesenteric artery; IMA — inferior 
mesenteric artery; LHA — left hepatic 
artery; RHA — right hepatic artery; PSP 
— posterior superior pancreaticoduo-
denal artery; PSA — superior pancre-
aticoduodenal artery; PHA — proper 
hepatic artery; AGD — gastroduodenal 
artery; LaIPA — left accessory inferior 
phrenic artery; RaIPA — right accesso-
ry inferior phrenic artery.

A

C

B

D

Figure 6. A. Right inferior phrenic artery 
(RIPA) and left inferior phrenic artery 
(LIPA) origin by a common trunk from 
the abdominal aorta; B. RIPA and LIPA 
origin by a common trunk from coeliac 
artery; C. RIPA and LIPA origin by  
a common trunk from right renal artery; 
D. RIPA and LIPA origin by a common 
trunk from the left gastric artery;  
AA — abdominal aorta; CA — coeliac 
artery; SA — splenic artery; CHA — 
common hepatic artery; LGA — left 
gastric artery; RRA — right renal artery; 
LRA — left renal artery; SMA — supe-
rior mesenteric artery; IMA — inferior 
mesenteric artery.

A

C

B

D
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RELATIONSHIP BETWEEN ORIGIN 
OF IPA AND AORTA

BRANCHES OF THE INFERIOR 
PHRENIC ARTERY

 —

 —
 —
 —
 —
 —
 —
 —

Table 4. -
ture proposed by Marcinkowska et al.

Type Description

I Hepatic arteries*

A — common hepatic artery

B — proper hepatic artery

C — left hepatic artery

D — accessory left hepatic artery

E — accessory right hepatic artery

II Coeliac trunk and its branches**

A — coeliac trunk

B — left gastric artery

C — splenic artery

III Renal arteries

A — right renal artery

B — left renal artery

IV Abdominal aorta

V Dorsal pancreatic artery

VI Spermatic artery

*This type contains blood vessels that are the main arterial supply to the liver 
**This type includes the coeliac trunk and its branches without the common hepatic 
arteries, which are included in type I
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DIAGNOSTICS

 

it is also employed to detect complications after 
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additional display, especially for imaging smaller 

CLINICAL RELEVANCE

 



Folia Morphol., 2023, Vol. 82, No. 3

CONLUSIONS

Ethical approval and consent to participate

atomical Dissection and Donation, Medical University 
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The divided zygoma: a meta-analysis of its 
prevalence with a review of the literature

, 

1Collegium Medicum, Jan Kochanowski University, Kielce, Poland 
2Department of Anatomy, Jagiellonian University Medical College, Krakow, Poland

Background: Divided zygoma (DZ) is an important structure in the midfacial 
region. The anatomy of DZ is poorly researched, but knowledge about this entity 
could be useful during posttraumatic facial reconstructions. The aim of this study 
was to estimate the prevalence and anatomy of DZ in different regions around 
the world. Therefore, the authors performed a meta-analysis, including all studies 
that report extractable data on the DZ.
Materials and methods: The main online medical databases such as PubMed, 
EBSCO, ScienceDirect, Web of Science, SciELO, BIOSIS, Current Content Connect, 
Korean Journal Database and Russian Citation Index, were utilised to gather all 
studies on anatomical characteristics, prevalence, symmetry, and a number of 
divisions of zygomatic bone.
Results: A total of 20 studies were included in this meta-analysis. Data were 

of DZ skulls, (3) gender prevalence of DZ with sides, (4) divisions of zygomatic 
bone, (5) symmetry of DZ.
Conclusions: In conclusion, the authors of the present study believe that this 
study can be considered an up-to-date meta-analysis regarding the prevalence, 
divisions, and symmetricity of the DZ. The data provided by the present study 
may be useful information for physicians in recognizing the DZ of the fracture 
and may be important information during zygomatic bone osteotomy. Detailed 
anatomical knowledge of the midfacial region can prevent surgical complications 
when operating in this area. (Folia Morphol 2023; 82, 3: 478–486)
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INTRODUCTION

were performed. 

MATERIALS AND METHODS
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series, conference reports, reviews, letters to editors, 

Data extraction

Statistical analysis

RESULTS

 

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

First author 
[reference]

Year Continent Country Methodology Number of 
ZB studied

Number of  
ZB with OJ

Anil et al. [1] 2000 Asia Turkey Cadaveric 2614 51

Bhargava et al. [2] 1960 Asia India Cadaveric 200 13

Dimowski [7] 2012 Europe Serbia Cadaveric 616 3

Ding [8] 1961 Asia China Cadaveric 1638 21

Gong and Du [10] 1965 Asia China Cadaveric 2036 10

Hanihara et al. [13] 1998 Multipopulational study Cadaveric 19582 102

Hu et al. [18] 1985 Asia China Cadaveric 1600 11

Jeyasingh et al. [20] 1982 Asia India Cadaveric 1000 40

Jit [21] 1960 Asia India Cadaveric 200 5

Kozintsev et al. [24] 1999 Multipopulational study Cadaveric 11202 777

Kundu et al. [25] 2016 Asia India Cadaveric 286 6

Li [26] 1985a Asia China Cadaveric 400 9

Li [27] 1985b Asia China Cadaveric 664 24

Mangalgiri et al. [29] 2015 Asia India Cadaveric 228 1

Nikolova et al. [32] 2017 Europe Bulgaria Cadaveric 2746 1

Pardoe [37] 1984 Australia Australia Cadaveric 2576* 1*

Soni and Khatri [39] 2016 Asia India Cadaveric 486 21

Wang and Dechow [41] 2016 Asia China Cadaveric 280 3

Yang [46] 1987 Asia China Cadaveric 1666 4

Zhang et al. [47] 2019 Asia China Cadaveric 2290 24

*Number of skulls studied and number of skulls with os japonicum; 2B — zygomatic bones; OJ — os japonicum

Table 2. Results established in this meta-analysis regarding the prevalence of the os japonicum (OJ) in each category

Source of data Category N Prevalence LCI HCI Q I2

Results 
obtained 
analysing 
a number (n) 
of zygomatic 
bones

OJ prevalence

Overall 49734 1.69% 0.73% 3.01% 1380.41 98.70

In Asian population 28143 2.07% 1.07% 3.38% 657.53 97.41

In European population 10212 0.96% 0.00% 3.52% 316.26 98.74

In South and North American populations 2796 1.00% 0.00% 5.16% 64.77 96.91

Prevalence of OJ occurring on the left side

Overall 14324 0.72% 0.28% 1.36% 47.57 83.18

In Asian population 6546 1.13% 0.77% 1.57% 7.79 35.83

In European population 3104 0.18% 0.00% 0.54% 7.47 59.82

Prevalence of OJ occurring on the right side

Overall 14324 0.98% 0.44% 1.70% 49.02 83.68

In Asian population 6533 1.49% 1.00% 2.07% 9.90 49.52

In European population 3094 0.27% 0.04% 0.66% 5.47 45.13

Results 
obtained 
analysing 
a number (n) 
of skulls

OJ prevalence

Overall 17790 1.36% 0.76% 2.12% 130.43 89.27

In Asian population 7689 2.11% 1.34% 3.04% 47.46 76.82

In Australian and Oceanian populations 4591 0.07% 0.01% 0.18% 1.72 0.00

In European population 3232 0.27% 0.05% 0.64% 5.37 44.16
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additional regional analyses were also enrolled. All 

DISCUSSION

Table 3. Results of the prevalence of the os japonicum (OJ) in each sex

Category N Prevalence LCI HCI Q I2

Females

OJ overall in women 1414 1.08% 0.00% 4.02% 12.06 75.13

OJ on the left side in women 705 1.25% 0.00% 3.64% 5.33 43.73

OJ on the right side in women 709 1.37% 0.00% 4.26% 6.37 52.91

Males

OJ overall in men 1084 0.87% 0.00% 2.50% 30.53 90.17

OJ on the left side in men 857 2.02% 1.17% 3.08% 2.95 0.00

OJ on the right side in men 855 2.08% 0.00% 5.63% 7.75 61.27

Table 4. Results of this meta-analysis regarding the number of divisions of zygomatic bone and the symmetricity of occurrence of the 
os japonicum (OJ)

Category N Prevalence LCI HCI Q I2

Number of divisions of the zygomatic bone in OJ

Overall prevalence of bipartite zygomatic bone
271

95.08% 88.75% 99.06% 28.03 57.19

Overall prevalence of tripartite zygomatic bone 2.77% 0.75% 5.82% 14.62 17.90

Prevalence of bipartite zygomatic bone in Asian population
165

93.69% 86.33% 98.52% 16.91 46.78

Prevalence of tripartite zygomatic bone in Asian population 4.70% 1.95% 8.48% 6.28 0.00

Symmetricity of occurrence of the OJ

Overall prevalence of OJ occurring bilaterally
46

60.18% 46.27% 73.34% 6.17 0.00

Overall prevalence of OJ occurring unilaterally 39.82% 26.66% 53.73% 6.17 0.00

Prevalence of OJ occurring bilaterally in Asian population
42

63.98% 49.32% 77.47% 2.89 0.00

Prevalence of OJ occurring unilaterally in Asian population 36.02% 22.53% 50.68% 2.89 0.00
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Figure 2. Illustrations of the single, bipartite and tripartite zygomatic bone; A. Single zygomatic bone; B. Bipartite zygomatic bone (os japonicum/ 
/divided zygoma); C. Tripartite zygomatic bone (os japonicum/divided zygoma); Z — zygomatic bone; M — maxilla; N — nasal bone; F — frontal 
bone; S — sphenoid bone; P — parietal bone; T — temporal bone.

A B C



484

Folia Morphol., 2023, Vol. 82, No. 3

 
 
 

 CONCLUSIONS
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The petroclinoid ligament: a meta-analysis 
of its morphometry and prevalence of 
mineralization with a review of the literature

, 
4

1Collegium Medicum, Jan Kochanowski University, Kielce, Poland 
2Department of Anatomy, Jagiellonian University Medical College, Krakow, Poland 
3Department of Neurosurgery, Tulane University School of Medicine, New Orleans, Louisiana, United States 
4Department of Anatomical Sciences, St. George’s University, Grenada, West Indies 
5Department of Normal and Clinical Anatomy, Medical University of Lodz, Poland

Background: The petroclinoid ligament (PCL) is an important structure in the 
petroclival region. The anatomy of the PCL and its relationship with the sur-
rounding structure is highly variable. The aim of this study was to estimate the 
morphometry, prevalence of mineralization, and anatomy of the PCL. To achieve 
this, the authors carried out a meta-analysis, including all studies that report 
extractable data on the PCL.
Materials and methods: Major online medical databases such as PubMed, Scopus, 
ScienceDirect, Web of Science, SciELO, BIOSIS, Current Content Connect, Korean 
Journal Database, and Russian Citation Index were searched to gather all studies 
regarding the anatomical characteristics, morphometry, and relationship with the 
anatomical surroundings of the PCL.
Results: A total of 25 studies were included in this meta-analysis. Data were 

 
(2) relationship of the abducens nerve with the PCL, (3) relationship of the dorsal 
meningeal artery with the PCL, (4) shape, number, and continuity of the PCL, 
(5) PCL anterior attachment, (6) PCL anterior attachment point on bone, (7) PCL 
posterior attachment point on bone, (8) morphometric features of the PCL.
Conclusions: In conclusion, the authors of the present study believe that this is 
the most accurate and up-to-date meta-analysis regarding the morphology and 
mineralization of the PCL. The data provided by the present study may be a use-
ful tool for surgeons performing neurosurgical procedures, such as endoscopic 
transnasal surgeries. Detailed anatomical knowledge of the petroclival region can 
surely prevent surgical complications when operating in this area. (Folia Morphol 
2023; 82, 3: 487–497)
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INTRODUCTION

MATERIALS AND METHODS

Figure 1. Petroclinoid ligament (PCL) and its close anatomical area.

Figure 2. Petroclinoid ligament (PCL) and its close anatomical area.
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Data extraction

Statistical analysis

RESULTS

Mineralization of the PCL

 

Figure 3. Flow diagram presenting process of collecting data included 
in this meta-analysis
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Table 1. Characteristics of studies included in this meta-analysis

First author [reference] Year Region Country Type of study Type of 
examination

Thickness 
slice [mm]

Ghorbanlou et al. [6] 2022 Asia Iran Radiological CT 0.675

Kayaci et al. [14] 2021 Asia Turkey Cadaveric – –

Wysiadecki et al. [34] 2021 Europe Poland Cadaveric – –

Iwanaga et al. [13] 2020 North America USA Cadaveric – –

Touska et al. [28] 2019 Europe UK Radiological CT 0.6

Bayrak et al. [1] 2019 Asia Turkey Radiological CT 0.3

Kumar et al. [15] 2018 Asia India Cadaveric – –

Ozdede et al. [19] 2018 Asia Turkey Radiological CT 0.4

Inal et al. [12] 2016 Asia Turkey Radiological CT 0.67

Özgür and Esen [21] 2015 Asia Turkey Radiological CT 0.5

Tomio et al. [27] 2015 Asia Indonesia Cadaveric – –

Wysiadecki et al. [33] 2015 Europe Poland Cadaveric – –

Ezer et al. [5] 2012 North America USA Cadaveric – –

Sedghizadeh et al. [24] 2012 North America USA Radiological CT –

Icke et al. [11] 2010 Asia Turkey Cadaveric – –

Ozer et al. [20] 2010 Asia Turkey Cadaveric – –

Liu et al. [16] 2009 Asia China Cadaveric – –

Skrzat et al. [25] 2007 Europe Poland Cadaveric – –

Cederberg et al. [2] 2003 North America USA Radiological RTG –

Iaconetta et al. [10] 2003 Europe Germany Cadaveric – –

Ozveren et al. [22] 2003 Asia Turkey Cadaveric – –

Destrieux et al. [4] 1997 Europe France Cadaveric – –

Umansky et al. [32] 1991 Asia Israel Cadaveric – –

Rzymski and Kosowicz [23] 1975 Europe Poland Radiological RTG –

Stanton and Wilkinson [26] 1949 Europe UK Radiological RTG –

CT — computed tomography; RTG — radiograph
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Table 2. Statistical results of this meta-analysis regarding the mineralization of petroclinoid ligament in each category

Category N Pooled prevalence LCI HCI Q I2

Overall results 5592
No mineralization
Partial mineralization
Complete mineralization
Any mineralization
Bilateral
Unilateral
Other mineralizations of head ligaments

88.55%
1.78%
2.20%
10.06%
0.54%
0.75%
1.02%

80.16%
0.23%
0.67%
5.81%
0.10%
0.12%
0.03%

94.95%
4.44%
4.49%
15.27%
1.26%
1.80%
2.95%

1268.42
520.65
354.54
565.16
113.22
177.27
412.96

98.50
96.35
94.64
96.64
83.22
89.28
95.40

Results gathered using radiological methods 5043
No mineralization
Partial mineralization
Complete mineralization
Any mineralization
Bilateral
Unilateral
Other mineralizations of head ligaments

78.58%
3.07%
2.86%
17.06%
0.44%
0.51%
1.61%

63.56%
0.26%
0.52%
9.69%
0.00%
0.00%
0.00%

90.63%
8.06%
6.66%
25.92%
1.43%
1.58%
4.48%

1171.33
497.83
335.77
504.64
108.72
167.25
407.71

99.23
98.19
97.32
98.22
91.72
94.62
97.79

Results gathered from cadavers 549
No mineralization
Partial mineralization
Complete mineralization
Any mineralization
Bilateral
Unilateral
Other mineralizations of head ligaments

96.75%
0.55%
1.03%
3.25%
0.40%
1.28%
0.57%

94.37%
0.07%
0.23%
1.47%
0.02%
0.48%
0.08%

98.53%
1.38%
2.28%
5.63%
1.15%
2.42%
1.42%

14.13
0.73
10.78
14.13
3.94
7.10
4.24

36.31
0.00
16.49
36.31
0.00
0.00
0.00

Results gathered in Asia 2681
No mineralization
Partial mineralization
Complete mineralization
Any mineralization
Bilateral
Unilateral
Other mineralizations of head ligaments

91.98%
1.13%
2.84%
1.07%
0.30%
0.60%
0.20%

85.59%
0.00%
0.00%
0.05%
0.00%
0.00%
0.02%

96.70%
3.14%
8.90%
3.04%
0.93%
1.63%
0.53%

188.14
117.54
304.29
79.56
25.37
55.29
13.14

95.22
92.34
97.04
88.69
64.52
83.72
31.50

Results gathered in Europe 1623
No mineralization
Partial mineralization
Complete mineralization
Any mineralization
Bilateral
Unilateral
Other mineralizations of head ligaments

81.80%
2.36%
0.95%
11.56%
0.84%
1.41%
1.11%

55.28%
0.00%
0.35%
2.83%
0.00%
0.00%
0.00%

100.00%
7.05%
1.81%
24.32%
3.29%
4.68%
3.36%

678.82
81.50
9.10

194.88
75.79
89.35
35.85

99.12
92.64
34.04
96.92
92.08
93.28
83.26

Results gathered in North America 1288
No mineralization
Partial mineralization
Complete mineralization
Any mineralization
Bilateral
Unilateral
Other mineralizations of head ligaments

88.14%
4.15%
3.46%
11.86%
0.67%
0.39%
5.57%

61.15%
0.00%
0.24%
0.00%
0.00%
0.00%
0.00%

100.00%
27.12%
9.23%
38.85%
2.08%
1.76%
38.24%

156.44
197.06
17.19
156.44
6.54
8.64

285.69

98.72
98.99
88.36
98.72
69.40
76.85
99.30
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PCL anterior attachment point on the bone

PCL posterior attachment point on the bone

 

Table 3. Statistical results of this meta-analysis regarding the relationship of the abducens nerve (AN) to the petroclinoid ligament (PCL) 
in each category

Category N Pooled prevalence LCI HCI Q I2

Overall results 469

AN runs below the PCL 93.02% 79.67% 100.00% 288.75 95.50

AN runs above the PCL 1.57% 0.62% 2.92% 10.29 0.00

AN runs through the PCL 4.95% 0.00% 17.03% 300.24 95.67

Results gathered in Asia 274

AN runs below the PCL 88.03% 55.49% 100.00% 270.68 97.41

AN runs above the PCL 1.16% 0.15% 2.90% 7.22 3.01

AN runs through the PCL 10.06% 0.00% 41.56% 277.49 97.48

Results gathered in Europe 152

AN runs below the PCL 97.61% 94.46% 99.55% 1.79 0.00

AN runs above the PCL 2.39% 0.45% 5.54% 1.79 0.00

AN runs through the PCL 0.00% 0.00% 0.00% 0.00 0.00

Results gathered in North America 43

AN runs below the PCL 98.96% 94.83% 100.00% 0.14 0.00

AN runs above the PCL 0.00% 0.00% 0.00% 0.00 0.00

AN runs through the PCL 0.00% 0.00% 0.00% 0.00 0.00

Table 4. Statistical results of this meta-analysis regarding the relationship of the dorsal meningeal artery (DMA) to the petroclinoid 
ligament (PCL) in each category

Category N Pooled prevalence LCI HCI Q I2

Overall results 103

DMA runs below the PCL 94.40% 83.15% 100.00% 8.71 65.56

DMA runs above the PCL 3.01% 0.00% 9.59% 7.33 59.06

Results gathered in Asia 30

DMA runs below the PCL 90.80% 72.67% 100.00% 1.97 49.30

DMA runs above the PCL 9.20% 0.00% 27.33% 1.97 49.30
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Table 5. Statistical results of meta-analysis regarding the anatomical features, like shape, number and continuity of the petroclinoid 
ligament (PCL) in each category

Category N Pooled prevalence LCI HCI Q I2

Overall results 143

79.59% 21.32% 100.00% 175.71 97.72

Y-shaped PCL 4.12% 0.00% 14.95% 25.82 84.51

Triangular PCL 3.60% 0.00% 12.32% 19.63 79.63

Single PCL 93.09% 75.50% 100.00% 42.19 90.52

Double PCL 5.03% 1.03% 11.32% 7.12 43.85

Complete PCL 6.19% 0.00% 27.49% 60.03 93.34

Incomplete PCL 4.86% 0.00% 19.46% 37.88 89.44

Hypoplastic/Fragmented 5592 0.66% 0.16% 1.44% 113.55 83.27

Results gathered in Asia 70

92.90% 74.28% 100.00% 10.06 80.12

Y-shaped PCL 0.97% 0.00% 3.91% 0.20 0.00

Triangular PCL 7.10% 0.00% 25.72% 10.06 80.12

Single PCL 97.96% 94.02% 100.00% 1.94 0.00

Double PCL 7.61% 2.38% 15.12% 1.19 0.00

Complete PCL 12.81% 0.00% 61.07% 33.03 93.94

Incomplete PCL 9.84% 0.00% 42.39% 20.35 90.17

Hypoplastic/Fragmented 2681 8.02% 3.30% 14.41% 188.14 95.22

Table 6. Statistical results of this meta-analysis regarding the anterior attachment of the petroclinoid ligament (PCL) in each category

Category N Pooled prevalence LCI HCI Q I2

General results 330

PCL attaches to a bone 94.43% 85.60% 100.00% 76.79 88.28

PCL attaches to the dura mater 2.88% 0.55% 6.63% 20.43 55.95

PCL attaches to a bone and the dura mater 2.32% 0.00% 6.39% 36.10 75.07

PCL attaches to a bone and a bone 0.86% 0.10% 2.21% 5.45 0.00

Results gathered in Asia 219

PCL attaches to a bone 99.24% 97.89% 100.00% 4.10 0.00

PCL attaches to the dura mater 0.76% 0.00% 2.11% 4.10 0.00

PCL attaches to a bone and the dura mater 0.00% 0.00% 0.00% 0.00 0.00

PCL attaches to a bone and a bone 0.00% 0.00% 0.00% 0.00 0.00

Results gathered in Europe 68

PCL attaches to a bone 92.34% 84.65% 97.66% 0.82 0.00

PCL attaches to the dura mater 7.66% 2.34% 15.35% 0.82 0.00

PCL attaches to a bone and the dura mater 0.00% 0.00% 0.00% 0.00 0.00

PCL attaches to a bone and a bone 0.00% 0.00% 0.00% 0.00 0.00

Results gathered in North America 43

PCL attaches to a bone 75.50% 0.00% 100.00% 15.94 93.73

PCL attaches to the dura mater 7.09% 0.00% 21.99% 1.53 34.62

PCL attaches to a bone and the dura mater 15.48% 0.00% 59.04% 6.99 85.69

PCL attaches to a bone and a bone 4.91% 0.16% 13.83% 0.46 0.00
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Table 7. Statistical results of this meta-analysis regarding the anterior attachment point of the petroclinoid ligament (PCL) on the bone 
in each category

Category N Pooled prevalence LCI HCI Q I2

Overall results 297

On clivus 58.25% 7.68% 100.00% 528.14 98.49

Under posterior clinoid process 72.95% 28.05% 100.00% 426.46 98.12

On dorsum sellae 27.05% 0.00% 71.95% 426.46 98.12

Results gathered in Asia 219

On clivus 52.44% 0.00% 100.00% 344.25 98.55

Under posterior clinoid process 90.01% 59.42% 100.00% 143.95 96.53

On dorsum sellae 25.10% 0.00% 72.15% 202.81 97.53

Results gathered in Europe 68

On clivus 49.16% 0.00% 100.00% 130.96 99.24

Under posterior clinoid process 49.16% 0.00% 100.00% 130.96 99.24

On dorsum sellae 50.84% 0.00% 100.00% 130.96 99.24

Table 8. Statistical results of this meta-analysis regarding the posterior attachment point of the petroclinoid ligament (PCL) on the 
bone in each category

Category N Pooled prevalence LCI HCI Q I2

Overall results 297

On petrous apex 86.00% 55.13% 100.00% 291.71 97.26

On petrous ridge 4.75% 0.00% 14.07% 73.47 89.11

On petrous tubercle 6.07% 0.00% 27.10% 237.82 96.64

Results gathered in Asia 219

On petrous apex 99.41% 98.20% 100.00% 0.74 0.00

On petrous ridge 0.00% 0.00% 0.00% 0.00 0.00

On petrous tubercle 0.00% 0.00% 0.00% 0.00 0.00

Results gathered in Europe 68

On petrous apex 54.71% 0.00% 100.00% 110.94 99.10

On petrous ridge 0.71% 0.00% 3.41% 0.02 0.00

On petrous tubercle 45.29% 0.00% 100.00% 110.94 99.10

DISCUSSION
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Table 9. Statistical result of meta-analysis regarding morphometrical features of petroclinoid ligament (PCL) in each category

Category Mean Standard 
error

Variance Lower limit Upper limit Z-value P-value

Length 11.05 1.00 1.00 9.09 13.01 11.06 0.00

Left PCL length 8.03 1.43 2.05 5.23 10.84 5.61 0.00

Right PCL length 8.01 1.53 2.34 5.01 11.01 5.24 0.00

Width 2.64 0.48 0.23 1.70 3.58 5.51 0.00

Thickness 0.74 0.22 0.05 0.31 1.18 3.34 0.00

Medial insertion 4.39 0.31 0.09 3.79 5.00 14.25 0.00

Lateral insertion 4.95 0.55 0.30 3.87 6.03 9.00 0.00

Midpoint 2.40 0.35 0.12 1.71 3.08 6.85 0.00

 

most precise way.
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develop more rapidly. 

CONCLUSIONS

None declared
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Variations in extra-hepatic biliary tree 
morphology and morphometry: 
a narrative review of literature 
with focus on cystohepatic triangle
A. Priya
1Department of Anatomy, All India Institute of Medical Sciences, Phulwarisharif, Patna, India 
2Department of Anatomy, Jagiellonian University, Krakow, Poland 
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, 
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5Dental and Oral Medical Centre, Kurume University School of Medicine, Kurume, Fukuoka, Japan 
6Division of Gross and Clinical Anatomy, Department of Anatomy, Kurume University School of Medicine, 
Kurume, Fukuoka, Japan 
7Department of Anatomical Sciences, St. George’s University, St. George’s, Grenada, West Indies

The morphometry and morphology of the components of extrahepatic biliary tree 
show extensive variations. A beforehand recognition of these variations is very 
crucial to prevent unintended complications while performing surgeries in this 

biliary tree and its possible variations, as well as measure the components that 
limit the cystohepatic triangle. Articles were searched in major online indexed 
databases (Medline and PubMed, Scopus, Embase, CINAHL Plus, Web of Science 
and Google Scholar) using relevant key words. A total of 73 articles matched 

length of left and right hepatic duct in majority of studies was found to be 
> 10 mm. A wide range of diameters of hepatic ducts were observed between 
5 and 43 mm. The average length of cystic duct is around 20 mm. The length and 
diameter of the common bile duct are 50–150 mm and 3–9 mm, respectively. 
The most frequently observed pattern of insertion of cystic duct into common 
hepatic duct is right lateral, rarely anterior, or posterior spiral insertion can present. 
The results of this study will provide a standard reference range which instead 
will help to differentiate the normal and pathological conditions. (Folia Morphol 
2023; 82, 3: 498–506)
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MATERIALS AND METHODS
egarding  

Table 1. Inclusion and exclusion criteria used for literature search 
for the narrative review

Inclusion criteria

1. Full length original articles (peer reviewed and published) pertaining to 
morphology and morphometry of extrahepatic biliary tree

2. Studies reporting observational data relevant to the topic of study
3. 

population 
4. Articles published any time after inception of a database till conduction 

of literature search
5. Articles in English
6. Articles not in English but with available translations in English

Exclusion criteria

1. Pre-prints and non-peer-reviewed contents*
2. Case reports and short communications
3. Articles with limited information pertaining to the topic of study
4. Articles not in English and translation in English not available

*These were excluded as there could be possible changes in the data and the analysis 

from peer reviewed contents.

Figure 1. Illustration 
components of extra-hepatic biliary tree; LHD — left hepatic duct; 
RHD — right hepatic duct; CHD — common hepatic duct; CD — 
cystic duct; CBD — common bile duct; GB — gall bladder.
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and mentioned 

A total of 

 

RESULTS

Figure 2. Flow chart depicting the literature search process for the present narrative review. The literature search was performed on the lines 
of searches for a narrative review, while incorporating the methodological rigour of a systematic review. The literature search process followed 
the best practice recommendations for preparing a narrative review by Ferrari [19] in order to mitigate risk of bias during selection of literature.
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Variations in morphometry of extrahepatic 

Left, right, and common hepatic duct

Cystic duct

 

Common bile duct

nessed in different sample or imaging modalities as rep

Table 3. A chronological representation of variations in the morphometry of extrahepatic biliary tree in terms of length and diameter of 
cystic duct as reported in published literature

Authors [reference] Sample size Type of sample Cystic duct

Length [mm] Diameter [mm]

Dowdy et al. [15] 100 Autopsy specimens 22 3

Cachoeira et al. [8] 41 Cadaver 19.11 –

Eftekhar et al. [16] 150 Cadaver 20.55 8.91

Rajguru and Dave [43] 100 Cadaver 2–62 2–8

Tellez et al. [54] 33 Blocks 27.8 3.3

Sangameswaran [46] 50 Cadaver 29 –

Table 2. A chronological representation of variations in the morphometry of extrahepatic biliary tree in terms of length and diameter of 
left (LHD), right (RHD), and common (CHD) hepatic duct as reported in published literature

Authors 
[reference]

Sample 
size

Type of sample Length [mm] Diameter [mm]

LHD RHD CHD LHD RHD CHD

Healey and Shroy [26] 100 Adult human livers – 9 – – – –

Dowdy et al. [15] 100 Autopsy specimens 10 8 20 3.4 4 8

Counaud [12] 110 Vasculobiliary casts 13.47 9 – – – –

Kim et al. [32] 8194 Cholangiograms – – – – – Maximal diameter: 6.1
Mid-portion diameter: 5.3

Choi et al. [11] 300 Cholangiograms – 12.8 – – – –

Ayuso et al. [4] 25 Live liver specimens – < 10 – 3–4 –

Cachoeira et al. [8] 41 Cadaver – – 21.76 – – –

Deka et al. [14] 299 MRCP 7.83* 10.06* 22.05^ 2.92* 2.59* 4.14^

Eftekhar et al. [16] 150 Cadaver 14.75 17.15 19.91 6.61 8.63 9.75

Awazli [3] 50 Human livers – – 25 – – –

Khatiwada et al. [31] 32 Liver specimens 20.77 10.48 – ED = 2.54
ID = 1.37

ED = 3.37
ID = 2.1

–

Tellez et al. [54] 33 Blocks 12.6 10.3 28.6 3.1 4 4.6

Babu and Sharma [5] 100 Cadaver 15 13 29 15 16 43

*Length and diameter measured in 290 out of 299 samples only; ^Length and diameter measured in 296 out of 299 samples only; MRCP — magnetic resonance cholangiopancreato-
graphy; ED — external diameter; ID  — internal diameter
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 type (
forward 

DISCUSSION

Figure 3. Illustration showing variations in the pattern of insertion of cystic duct as reported in available literature; A. Right lateral; B. Medial; 
C. Proximal; D. Low medial; E. Low lateral; F. ; G. Anterior spiral; H. Posterior spiral; I. Into left hepat-
ic duct; J. Cholecystohepatic duct; LHD — left hepatic duct; RHD — right hepatic duct; CHD — common hepatic duct; CD — cystic duct; 
CBD — common bile duct; GB — gall bladder.
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Left, right, and common hepatic ducts

Cystic duct

 

Common bile duct

 

Pattern of cystic duct insertion into common 
hepatic duct

Table 4. A chronological representation of variations in the morphometry of extrahepatic biliary tree in terms of length and diameter of 
common bile duct (CBD) as reported in published literature 

Authors [reference] Sample size Type of sample Common bile duct

Length [mm] Diameter [mm]

Dowdy et al. [15] 100 Autopsy specimens 50 6.6

Couinand [12] 80–100 5–6

Mahour et al. [35] – 6.21–8.39

Leslie [33] 9–58 5–17

Hollinshead [27] 90 –

Anson and McVay [2] 50–150 6–8

Horrow et al. [28] 258 Sonographic images – 3.5

Kim et al. [32] 8194 Cholangiograms – Maximal diameter: 6.4
Mid-portion diameter: 5.5

Blidaru et al. [7] 172 Adults cadavers 
and human fetuses

72 5.25

Senturk et al. [48] 604 Patients – 4.16

Deka et al. [14] 299 MRCP 5.1* Diameter of CBD at upper end: 4.61
Diameter of CBD at lower end: 2.88

Peng et al. [40] 862 MRCP – 4.13

Piyawong and Lekhavat [41] 277 CT images – 4.65

Tellez et al. [54] 33 Blocks CBD (supra duodenal): 15.5
CBD (retro duodenal): 29.3
CBD (intra pancreatic): 18.5

5.6

Worku et al. [57] 206 Sonographic images – 3.64

Aljiffry et al. [1] 325 MRCP – 7.57

Sah et al. [44] 30 Cadaver 46.92 6.50

*Length measured in 243 samples only, rest 56 was not measurable; CT — computed tomography; MRCP — magnetic resonance cholangiopancreatography
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Other variants of extrahepatic biliary duct

CONCLUSIONS

 

Figure 4. Illustration showing variations in the morphology of cystic duct other than its pattern of insertion as reported in available literature; 
A. Bifurcation of cystic duct; B. Absent cystic duct; C. Short cystic duct; LHD — left hepatic duct; RHD — right hepatic duct; CHD — common 
hepatic duct; CD — cystic duct; CBD — common bile duct; GB — gall bladder.
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The sternocleidomastoid muscle variations: 
a mini literature review

Institute of Anatomy and Cell Biology, Paracelsus Medical University, Nuremberg and Salzburg, 
General Hospital Nuremberg, Nuremberg, Germany

The sternocleidomastoid muscles (SCM) are prominent paired muscles of the 
neck connecting proximally the manubrium sterni and the clavicle to the mas-
toid process and the occipital bone distally. Following their points of attachment 
sternomastoid, sternooccipital, cleidomastoid and cleidooccipital portions of this 
muscle have been described. Altogether 23 case reports from year 2000 till 2020 
with 29 subjects related to the SCM supernumerary variations were searched 
and analysed where parameters such as supernumerary proximal variation types 
(sternal vs. clavicular), insertional variation, unilaterality/bilaterality of the variation, 
study type, reported gender of the subjects and the country of research were 
extracted. The research shows that 48.3% of the subjects had bilateral presenta-
tion of SCM variations. If present unilaterally, three quarters of the cases were 
on the left side. The most frequent variation is located at the clavicular side of 
the proximal SCM head whereas isolated sternal sided proximal head variation 
or an insertional variation alone are very rare. Interestingly, with 96.6%, most of 
cases in the literature were discovered in cadavers during anatomical dissections. 
Male gender represented with 82.8% higher prevalence than females. The higher 
male prevalence in the body donor system, predominantly in the Asian continent 
could play a decisive role in the outcome as more than half of the reported cases 
stemmed from India in this period. Importantly, the knowledge of different ana-
tomical variations of the SCM is highly relevant for surgical, clinical or radiological 
approaches in the neck. (Folia Morphol 2023; 82, 3: 507–512)

INTRODUCTION

sternooccipital, cleidomastoid and cleidooccipital, 
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were discovered in anatomical dissection in cadavers. 

an insertional variation.

DISCUSSION

 
 

parison to a sternal sided variation. Only a single 

 

 

of cervical motion in affected people. 
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CONCLUSIONS

insertional variation alone are very rare. Interesting
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R E V I E W    A R T I C L E

 
 

Cleidocervical muscle: a mini literature survey 
of a human muscle variation

Institute of Anatomy and Cell Biology, Paracelsus Medical University, Nuremberg and Salzburg,  
General Hospital Nuremberg, Nuremberg, Germany

Cleidocervical muscles (CCM) or levator claviculae muscles in humans can be found 
as supernumerary unilaterally or bilaterally on the neck attached proximally to the 
clavicle and distally to the transverse process of cervical vertebrae at various levels. 
Altogether 20 case reports from year 1994 till present including 25 subjects related 
to CCM were found and analysed where parameters such as cervical insertion 
level, clavicular insertion at the middle vs. lateral third, unilateral vs. bilateral pres-
ence of the muscle, study type, reported gender of the subjects were extracted. 
Our literature survey shows that the prevalence of CCM in male and female was 
equally presented in radiological studies whereas almost 3-fold higher prevalence 
of males was found in cadaver reports. Since body donor system worldwide is 

show more reality-based distribution of this muscle. Nevertheless, the presentation 
of this muscle was found in over 90% of the case reports unilaterally with higher 
left sided dominance. Even though the attachment points of CCM varied from 
case to case, the proximal attachment was found slightly more frequent on the 
middle third of the clavicle whereas the distal insertion was present more often on 
the superior cervical vertebrae than the lower ones. With prevalence of CCM in 
the population around 2.0–2.5%, the clinical, radiological and surgical relevance 
of this variation has to be highlighted to avoid potential misleading diagnostics 
in the neck. (Folia Morphol 2023; 82, 3: 513–518)
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rd cervical spinal nerve. Odate et 

 

 

MATERIALS AND METHODS

RESULTS

dissections as well as on interpretation of radiological 

Figure 1. Schematic illustration of the cleidocervical muscle.
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DISCUSSION

 

 

fold prevalence of men in comparison to females of 

Figure 2. Graphical illustration of various parameters analysed in the literature review from the case reports listed in Table 1; CCM — cleido-
cervical muscles; NP — not provided.
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performed more in males in comparison to females. 

at present time.

Table 1. Tabular illustration of case reports

Publications Cervical 
insertion

Clavicular 
insertion

Unilateral Bilateral Cadaver 
report

Radiology Surgery Sex

Left Right Male Female

Fasel et al., 1994 [10] NP L + + +

Tomo et al., 1994 [33] C6 M + + +

Leon et al., 1995 [19] C2 M + + +

Rüdisüli, 1995 [28] C3 L + + +

Rubinstein et al., 
1999 [27]

C1–C3 L(5)/M(2) ++++ + + ++++++ NP

Ginsberg, Eicher, 
1999 [14]

C3 M + + +

Rosenheimer et al., 
2000 [26]

C6 M + + +

Ruiz Santiago et al., 
2001 [29]

NP M + + +

Koshy et al., 2005 [18] C1–C2 L(2) + + +

NP M + + +

Capo, Spinner, 2007 [8] C2 L + + +

Loukas et al., 2008 [20] C3–C4 L + + +

Natsis et al., 2009 [21] C3–C5 L + + +

Rodríguez-Vázquez 
et al., 2009 [25]

C1 M + + +

Fazliogullari et al., 
2010 [11]

C3 M + + +

Feigl, Pixner, 2011 [12] C1 M + + +

Odate et al., 2012 [22] C4 M + + +

Raikos et al., 2012 [24] C3 M + + +

Billings, Sherrill, 2014 [5] C5 M + + +

Ferreli et al., 2019 [13] C2–C3 M + + +

Total 14 9 2 12 12 1 13 6

M — median third of a clavicle, L — lateral third of a clavicle; NP — not provided
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atomical dissections are distinctly more convenient 

CONCLUSIONS

CCM in order to avoid potential misleading diagnos
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O R I G I N A L    A R T I C L E

Lithium chloride promotes neural functional 
recovery after local cerebral ischaemia injury in 
rats through Wnt signalling pathway activation

1Department of Anatomy, School of Basic Medicine, Guizhou Medical University, Guiyang, China
2Nursing, Grade 2023, Guizhou Medical University, Guiyang, China

Background:
cerebral ischaemia. However, to date, there is a paucity of evidence on the role 
of LiCl in neural restoration after brain ischaemia and the signalling pathways 
involved remain unclear. 
Materials and methods: Therefore, to address this gap, the middle cerebral artery 
occlusion (MCAO) rat model was used to simulate human ischaemia stroke. Male 
Sprague-Dawley rats were given MCAO for 90 min followed by reperfusion, and 
Dickkopf-1 (DKK1, 5.0 μg/kg) was administered half an hour before MCAO. Rats 
were then treated with hypodermic injection of LiCl (2.0 mmol/kg) twice a day 
for 1 week. After treatment, cognitive impairment was assessed by the Morris 

staining, brain water content, and histopathology were used to evaluate brain 
damage. Enzyme-linked immunosorbent assay was used to measure oxidative 

-
rons was tested by western blot. The key factors of Wnt signalling pathway in 

quantitative real-time polymerase chain reaction.
Results:
improved the impaired spatial learning and memory ability, suppressed oxidative 

neuronal damage, which subsequently decreased the brain oedema, infarct volume 

pathway. Interestingly, the aforementioned effects of LiCl treatment were mark-
edly reversed by administration of DKK1, an inhibitor of Wnt signalling pathway. 
Conclusions: These results indicate that LiCl exhibits neuroprotective effects in 
focal cerebral ischaemia by Wnt signalling pathway activation, and it might have 
latent clinical application for the prevention and treatment of ischaemic stroke. 
(Folia Morphol 2023; 82, 3: 519–532)
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was administered (F

 =  

Figure 1. Effects of lithium chloride (LiCl) treatment on neurobehavioral ability in rats. Escape latency (A) and pathway (D) during platform 
trials, time spent in the target quadrant (B), and the number of crossings through the platform (C) in the probe test; S — sham; M — middle 
cerebral artery occlusion; L — lithium chloride; D — Dickkopf-1. The results are expressed as the mean ± standard error of 20 animals in 
each group and analysed by one-way ANOVA, followed by the Student–Newman–Keuls test; *p < 0.05 vs. S group; #p < 0.05 vs. M group; 
†p < 0.05 vs. M+L group; p < 0.05 vs. M+D group; MCAO — middle cerebral artery occlusion.
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Figure 2. 
A, n = 20). Effect of lithium chloride treatment on brain water content (B, n = 5). Administration of lithium chloride reduced the 

infarct size (C, n = 5), Infarct size of the ischaemic cortex was measured, normalised to the contralateral cortex, and expressed as a percent-
age according to the following formula: Infarct size (%) = (contralateral area – ipsilateral non-infarct area) / contralateral area × 100%;  
D. Representative cerebral infarcts stained by a 2.0% 2,3,5-triphenyl tetrazolium chloride (TTC) solution. Normal brain tissue stained red by TTC 
staining; the infarct area appears a pale grey colour; S — sham; M — middle cerebral artery occlusion; L — lithium chloride; D — Dickkopf-1. 
The results are expressed as the mean ± standard error of those animals in each group and were analysed by one-way ANOVA, followed by 
the Student–Newman–Keuls test; *p < 0.05 vs. S group; #p < 0.05 vs. M group; †p < 0.05 vs. M+L group; p < 0.05 vs. M+D group.

 and 

(F
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Figure 3. -
hyde (MDA) and superoxide dismutase (SOD) (A), reactive oxygen species (ROS) and glutathione peroxidase (GSH-Px) (B), and interleukin 
6 (IL-6) and tumour necrosis factor alpha (TNF- ) (C) in the cerebral tissues of treated rats were detected by ELISA. Bax and Bcl-2 protein 
expression in the hippocampus after cerebral ischaemia as analysed by western blot assay; D. Representative protein bands of Bax, Bcl-2, 
and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) are shown; E. Representative relative optical densities of protein bands from the 
ischaemic penumbra are shown in the bar graphs. Expression was calculated as the ratio of the optical density of the target protein to that of 
GAPDH; S — sham; M — middle cerebral artery occlusion; L — lithium chloride; D — Dickkopf-1. The results are expressed as the mean 
± standard error of 10 animals in each group and were analysed by one-way ANOVA followed by the Student–Newman–Keuls test; *p < 0.05 
vs. S group; #p < 0.05 vs. M group; †p < 0.05 vs. M+L group; p < 0.05 vs. M+D group. 

Figure 4. Representative brain sections of Nissl (cresyl violet) staining after brain ischaemia; A. Neurons in the hippocampal CA1 area. The 
box indicates the analysed region (Nissl staining, scale bar = 5.0 μm). In the sham group, the neurons were arranged regularly and the Nissl 
bodies in the cytoplasm were enriched; after cerebral middle cerebral artery occlusion (MCAO), the number of neurons was substantially re-
duced, and they were arranged in a disorderly manner. There was a reduction in the number of Nissl bodies in the cytoplasm (arrows indicate 
shrunken, darkened, damaged neurons). In rats given lithium chloride (LiCl) treatment, the number of neurons was increased and there were 
a greater number of Nissl bodies in the cytoplasm. When the Wnt signal pathway inhibitor Dickkopf-1 was injected intracerebroventricularly, 
many pyramidal cells were reduced in size and there were nuclear pyknosis and hyperchromatic nuclei. Scale bars = 20 μm; B.
of Nissl-positive cells; S — sham; M — middle cerebral artery occlusion; L — lithium chloride; D — Dickkopf-1. The results are expressed as 
the mean ± standard error of 5 animals in each group and were analysed by one-way ANOVA followed by the Student–Newman–Keuls test; 
*p < 0.05 vs. S group; #p < 0.05 vs. M group; †p < 0.05 vs. M+L group; p < 0.05 vs. M+D group.
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, 

Figure 5. Effect of lithium chloride (LiCl) on -catenin positive cells in rat parietal cortex; A. -catenin positive cells were examined by im-
-catenin positive cells are labelled; these were mainly localized to the cytoplasm. Scale bars: 20 μm; B.

-catenin positive cells; S — Sham; M — middle cerebral artery occlusion; L — lithium chloride; D — Dickkopf-1. The results are expressed 
as the mean ± standard error of 5 animals in each group and were analysed by one-way ANOVA followed by the Student–Newman–Keuls 
test; *p < 0.05 vs. S group; #p < 0.05 vs. M group; †p < 0.05 vs. M+L group; p < 0.05 vs. M+D group; MCAO — middle cerebral artery 
occlusion.

A
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(F

 
 and 

Figure 6. -
ase chain reaction; A.

the sham animals (arrows indicating Wnt-3a-positive neurons). Lithium chloride (LiCl) treatment promoted Wnt-3a-positive staining in the 
ischaemic penumbra; Wnt-3a-positive neurons were abundant in the CA1 region compared with the middle cerebral artery occlusion (MCAO) 
group. Scale bars = 20 μm; B. C. Representative 
protein bands of glycogen synthase kinase 3  (GSK-3 ), -catenin, and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) are shown,  
as determined by western blot assay. Expression was calculated as the ratio of the optical density of the target protein to that of GAPDH;  
D. Effects of lithium chloride on mRNA levels of Wnt-3a, -catenin, dishevelled-1 (Dvl-1), GSK-3 , and axis inhibition protein 2 (Axin-2);  
E. Representative relative optical densities of protein bands from the ischaemic penumbra are shown in the bar graphs; S — sham; M — middle  
cerebral artery occlusion; L — lithium chloride; D — Dickkopf-1. The results are expressed as the mean ± standard error of 5 animals in each 
group and were analysed by one-way ANOVA followed by the Student–Newman–Keuls test; *p < 0.05 vs. S group; #p < 0.05 vs. M group; 
†p < 0.05 vs. M+L group; p < 0.05 vs. M+D group.
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genes and inactivation of antiapoptotic genes were 



Folia Morphol., 2023, Vol. 82, No. 3

 

and 

CONCLUSIONS

None declared

REFERENCES

.

, 
.

.
4. 

 

.

.

.

.
8. 



Z. Junde et al., Lithium chloride promotes neural functional recovery after local cerebral ischaemia injury

, 
.

9. 

.

.

 signal 

, 
.

.

.

.

.

.

, 
.

.

.

.

.

, 
.

.

.

.

.

.

.

.

.

.



Folia Morphol., 2023, Vol. 82, No. 3

.
 

.

, 
.

.

.

, 
.

.

.

.



 

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

Curcumin reduces blood-nerve barrier 
abnormalities and cytotoxicity to endothelial 
cells and pericytes induced by cisplatin

Department of Anatomy, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand

Background: Cisplatin is a platinum-based antineoplastic agent used to treat 
cancers of solid organs. Neuropathy is one of its major side effects, necessitating 
dose reduction or cessation. Previous studies suggested that cisplatin causes 
microvascular toxicity, including pericyte detachment. This study aimed to clarify 
whether these alterations occurred in the blood–nerve barrier (BNB) of capillaries 
after cisplatin treatment. 
Materials and methods and Results: Electron microscopic analysis of rat sciatic 
nerves with cisplatin neuropathy showed increased frequency and severity of 
pericyte detachment. Moreover, the vascular basement membrane did not tightly 
encircle around the endothelial cells and pericytes. Cultured human umbilical vein 
endothelial cells and human brain vascular pericytes showed reduced viability, 
increased caspase-3 activity and enhanced oxidative stress following cisplatin 
treatment. In addition, cisplatin decreased transendothelial electrical resistance 
(TEER) and the expression of the tight junction proteins occludin and zonula 
occludens-1. Curcumin, a polyphenol found in the root of Curcuma longa, had 
favourable effects on cisplatin neuropathy in previous work. Therefore, curcumin 
was tested to determine whether it had any effect on these abnormalities. Cur-
cumin alleviated pericyte detachment, cytotoxicity, oxidative stress, TEER reduction 
and tight junction protein expression. 
Conclusions: These data indicate that cisplatin causes BNB disruption in the 
nerves and might result in neuropathy. Curcumin might improve neuropathy via 
the restoration of BNB. Whether alterations in the BNB occur and curcumin is 
effective in patients with cisplatin neuropathy remain to be investigated. (Folia 
Morphol 2023; 82, 3: 533–542)
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RESULTS

 

 

Figure 1. Representative electron microscopic images of capillaries 
in the sciatic nerves from the control (A), cisplatin (B), and cisplatin 
+ curcumin (C) groups. Arrows indicate the basement membrane 
shared between the endothelial cell (E) and pericyte (P); *Pericyte 
detachment from the endothelial cell; scale bars: 1 μm.

A

B

C
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Cell viability and caspase-3 activity

activity.

Figure 2. Ratio of the number of capillaries with pericyte detachment 
to the total number of capillaries in the proximal and distal parts of the 
sciatic nerve. The graph shows the means and standard error of the 
mean; C — control; P — cisplatin; P+Cu — cisplatin + curcumin; 
*p < 0.001 P vs. C; #p < 0.01 P+Cu vs. C and p < 0.001 P+Cu vs. P.

Figure 3. Distance at the widest detachment of pericytes in the 
proximal and distal parts of the sciatic nerve. The graph shows the 
means and standard error of the mean; C — control; P — cisplatin; 
P+Cu — cisplatin + curcumin; *p < 0.001 P vs. C; #p < 0.05 
P+Cu vs. C and p < 0.001 P+Cu vs. P; $p < 0.001 P+Cu vs. P.

Figure 4. Cell viability and caspase-3 activity of human umbilical vein endothelial cells (HUVECs, left column) and human brain vascular pericytes 
(HBVPs, right column). The graphs show the means and standard error of the mean; Cis — cisplatin; Cur — curcumin; #p < 0.001 vs. control; 
*p < 0.01 vs. Cis; ^p < 0.05 vs. control; @p < 0.05 vs. Cis.
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Oxidative stress parameters

Transendothelial electrical resistance

DISCUSSION

Figure 5. Reactive oxygen species (ROS) production and the ratio of reduced to oxidized glutathione (GSH/GSSG) in human umbilical vein 
endothelial cells (HUVECs, left column) and human brain vascular pericytes (HBVPs, right column). The graphs show the means and standard 
error of the mean; Cis — cisplatin; Cur — curcumin; ^p < 0.01 vs. control; #p < 0.001 vs. control; @p < 0.05 vs. Cis; $p < 0.01 vs. Cis; 
*p < 0.001 vs. Cis.

Figure 6. Transendothelial electrical resistance (TEER) of human um-
bilical vein endothelial cells. The graph shows the means and standard 
error of the mean; Cis — cisplatin; Cur — curcumin; #p < 0.001 vs. 
control; ^p < 0.05 vs. control; *p < 0.01 vs. Cis.
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Figure 7. Protein expression of claudin-5, occludin, zonula occludens-1 (ZO-1) and zonula occludens-2 (ZO-2). Representative immunoblots are 
shown. The density of each protein was normalised to that of -actin. The graphs show the means and standard error of the mean; Cis — cis-
platin; Cur — curcumin; #p < 0.05 vs. control; *p < 0.05 vs. Cis.

Curcuma longa

cells and pericytes.
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O R I G I N A L    A R T I C L E

Microanatomy of the central myelin portion 
and transitional zone of the oculomotor 
and abducens nerves

1Department of Anatomy, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand 
2Department of Ophthalmology, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand

Background: The microanatomy of the central myelin portion and transitional 
zone of several cranial nerves including trigeminal, facial, vestibulocochlear, 
glossopharyngeal, and vagus nerves have been clearly demonstrated to provide 
information for neurovascular compression syndrome such as trigeminal neuralgia 
and hemifacial spasm. However, the study of oculomotor and abducens nerve 
is limited.
Materials and methods: Oculomotor and abducens nerves were harvested with 

from ten of each cranial nerve were stained and a photomicrograph was taken 

myelin portion, 2) length of central myelin portion, and 3) depth of central my-
elin-peripheral myelin transitional zone. 
Results: For oculomotor nerve, the longest central myelin bundle was always 

types based on number of nerve rootlets emerging from the brainstem and number 
of nerve bundles in each rootlet. Length of central myelin portion was between 
0.36–6.10 mm (2.75 ± 0.83 mm) and 0.13–5.01 mm (1.66 ± 1.39 mm) for 
oculomotor and abducens nerves, respectively. The oculomotor nerve transitional 
zone depth was 0.07–058 mm (0.23 ± 0.07 mm), while for abducens nerve, 
depth was 0.05–0.40 mm (0.16 ± 0.07 mm). Positive weak correlations between 
central myelin and depth of TZ were found in oculomotor nerve (r +0.310, 
p < 0.05) and abducens nerves (r +0.413, p < 0.05).
Conclusions: Detailed microanatomy of the central myelin and transitional zone 

at oculomotor and abducens nerves. (Folia Morphol 2023; 82, 3: 543–550)

transitional zone, nerve compression syndrome
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RESULTS
Patterns of central myelin portion

 

 

 

 

  

Figure 1. A.
nerve bundle (black arrow) and then gradually decreased in length; B. Drawing demonstrating: A — a line drawn between junction where nerve 
met the brainstem; B — a line drawn between junction where central myelin met the peripheral myelin; F — length of central myelin of nerve 
bundle; f — depth of the transitional zone of the nerve bundle; TZ — transitional zone; 1, 2, 3, 4, 5, 6, 7 — order of the nerve bundle counted 
from the brainstem.

A B
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DISCUSSION

Table 1. All measurements of oculomotor nerves

Oculomotor nerve No. of nerve bundles F* [mm] F [mm] f [mm]

Nerve 1 5 3.01 2.23 ± 0.75 (1.28–3.01) 0.16 ± 0.03 (0.13–0.20)

Nerve 2 6 3.22 2.24 ± 1.06 (0.64–3.22) 0.14 ± 0.04 (0.11–0.21)

Nerve 3 7 2.76 1.57 ± 0.97 (0.51–2.76) 0.19 ± 0.04 (0.13–0.23)

Nerve 4 7 5.11 3.33 ± 1.05 (2.14–5.11) 0.18 ± 0.06 (0.09–0.26)

Nerve 5 5 3.37 1.95 ± 0.96 (1.18–3.37) 0.34 ± 0.17 (0.19–0.58)

Nerve 6 6 6.10 3.99 ± 1.59 (2.12–6.10) 0.33 ± 0.11 (0.24–0.53)

Nerve 7 7 3.76 2.67 ± 0.91 (1.54–3.76) 0.27 ± 0.05 (0.20–0.32)

Nerve 8 6 5.21 3.78 ± 1.07 (2.33–5.21) 0.24 ± 0.13 (0.11–0.43)

Nerve 9 7 4.28 2.34 ± 1.57 (0.36–4.28) 0.20 ± 0.07 (0.09–0.28)

Nerve 10 7 6.10 3.44 ± 1.60 (1.92–6.10) 0.25 ± 0.14 (0.07–0.50

Mean ± SD (range) 4.29 ± 1.26 (2.76–6.10) 2.75 ± 0.83 (0.36–6.10) 0.23 ± 0.07 (0.07–0.58)

Shrinkage correction (range) 3.31–7.32 0.08–0.70

F — length of central myelin; F* — longest central myelin; f — depth of transitional zone; SD — standard deviation

Table 2. All measurements of abducens nerves

Abducens nerve No. of nerve 
bundles

Morphological 
pattern

F* [mm] F [mm] f [mm]

Nerve 1 1 A 2.00 2.00 0.14

Nerve 2 3 B 2.29 2.26 ± 0.03 (2.23–2.29) 0.21 ± 0.02 (0.20–0.24)

Nerve 3 3 B 5.01 4.76 ± 0.28 (4.46–5.01) 0.23 ± 0.02 (0.22–0.24)

Nerve 4 3 C 0.53 0.36 ± 0.21 (0.13–0.53) 0.13 ± 0.13 (0.05–0.27)

Nerve 5 5 B 3.01 2.80 ± 0.28 (2.31–3.01) 0.10 ± 0.05 (0.06–0.17)

Nerve 6 3 C 1.00 0.63 ± 0.33 (0.37–1.00) 0.17 ± 0.03 (0.15–0.20)

Nerve 7 4 D 1.73 0.35 ± 0.32 (1.03–1.73) 0.15 ± 0.06 (0.08–0.22)

Nerve 8 4 D 0.86 0.62 ± 0.23 (0.37–0.86) 0.10 ± 0.02 (0.08–0.13)

Nerve 9 3 B 2.03 1.56 ± 0.68 (0.79–2.03) 0.30 ± 0.10 (0.23–0.41)

Nerve 10 3 C 0.28 0.21 ± 0.06 (0.16–0.28) 0.07 ± 0.01 (0.06–0.07)

Mean ± SD (range) 1.88 ± 1.40 (0.28–5.01) 1.66 ± 1.39 (0.13–5.01) 0.16 ± 0.07 (0.05–0.40)

Shrinkage correction (range) 0.34–6.01 0.06–0.48

F — length of central myelin; F* — longest central myelin; f — depth of transitional zone; SD — standard deviation
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Figure 2. A. Schematic diagram demonstrates types of abducens nerve; B. Photomicrographs of abducens nerves stained with luxol fast blue 
demonstrate types of abducens nerve corresponding to the schematic diagram; A, B, C and D are types of abducens nerve; NR1, NR2, NR3 — 

1, NB2, NB3
third nerve rootlets; NB1.1, NB1.2, NB1.3

A B

A

B

C

D

Figure 3. Bar graph showing mean value of central myelin portion (black) and depth of transitional zone (white) of 10 oculomotor (A) and 
10 abducens nerves (B). Each bar represents each nerve. The letters A, B, C and D at the end of the graph of abducens nerves represent the 
morphology type of abducens nerves.



Folia Morphol., 2023, Vol. 82, No. 3

Figure 4. Scatter plot showing a correlation between central myelin portion and depth of transitional zone of each nerve bundle of oculomotor 
nerves (A) and abducens nerves (B). 

 

 

nition of glial part was not mentioned and some 
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Effects of liquid diet intake on nerve growth 
in salivary glands of growing rats

Department of Oral Functional Anatomy, Hokkaido University Faculty of Dental Medicine, Sapporo, Japan

Background: The growth of parotid glands is inhibited by liquid diet intake 
during growing period, while that of submandibular glands is not affected. This 
study examined how liquid diet intake affects nerve growth in the parotid and 
submandibular glands of growing rats, because nerves are closely involved in the 
maintenance of salivary gland structure.
Materials and methods: Male Wistar rats were weaned at 21 days of age. Then, 
rats were fed a pellet diet and a liquid diet in the control group and experimental 

overdose, and parotid and submandibular glands were removed. The frozen 
sections were made and immuno-stained with anti-protein gene product 9.5 
(PGP 9.5) antibody (general nerve marker), anti-tyrosine hydroxylase (TH) antibody 
(sympathetic nerve marker), or anti-neuronal nitric oxide synthase (nNOS) antibody 
(parasympathetic nerve marker).
Results: In control parotid glands, scattered punctate or short linear patterns of 
PGP 9.5-positive sites were observed at week 0. After 2 weeks, PGP 9.5-positive 
sites, some of which were arranged in long linear patterns, increased in number. 
There were some TH-positive sites at week 0. After 2 weeks, there were increasing 
numbers of TH-positive sites, often in long linear patterns. At week 0, there were 
very few nNOS-positive sites, and nNOS immunoreactivity increased over time. Af-
ter week 4, they demonstrated linear patterns. In the experimental parotid glands, 
there were fewer PGP 9.5- and nNOS-positive sites than in control parotid glands 
at each time point, although TH immunoreactivity was similar between two groups 
at each time point. In control submandibular glands, few punctate exhibited 
PGP 9.5-positive site were observed at week 0. At week 4, PGP 9.5 immunoreaction 
increased and showed linear patterns. TH-positive sites demonstrated punctate 
or short linear patterns at week 0, and thereafter TH immunoreactivity increased 
and were arranged in long linear patterns. There were few nNOS-positive sites 
at week 0, and they gradually increased after week 4. The immunoreactivities of 
all antibodies in the experimental submandibular glands were similar to those in 
the control at each time point.
Conclusions: Parasympathetic nerve growth in rat parotid glands was inhibited by 
liquid diet intake during the growth period, while liquid diet intake did not affect 
parasympathetic nerve growth nor sympathetic nerve growth in rat submandibular 
glands. (Folia Morphol 2023; 82, 3: 551–557)
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RESULTS

 

 

 

 

Figure 1. Box plot of body weights of the control (Cont) and experi-

groups at each time point. Explanation of box plot: top of box, 75th 
percentile; bottom of box, 25th percentile; horizontal bar within box, 
median; upper whisker, maximum value; lower whisker, minimum 
value; W — week.
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Analysis of negative control sections for all primary 

DISCUSSION
 

 

Figure 2. Immunohistochemical analyses of parotid glands to determine distributions of protein gene product 9.5 (PGP 9.5; A–C), tyrosine 
hydroxylase (TH; D–F), and neuronal nitric oxide synthase (nNOS; G–I). Normal parotid glands at week 0 (A, D, G); control parotid glands at 
week 8 (B, H) and week 4 (E); experimental parotid glands at week 8 (C, I) and week 4 (F). Scale bars = 30 μm. PGP 9.5 (A) and nNOS (G) 
immunoreactivities are minimal at week 0. Although PGP 9.5 and nNOS immunoreactivities both gradually increased in control glands (B, H), 
they remained minimal in experimental glands (C, I). TH immunoreactivity gradually increased in both control (E) and experimental glands (F), 
compared with parotid glands at week 0 (D).

A B C

D E F

G H I
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Figure 3. Immunohistochemical analyses of submandibular glands to determine distributions of protein gene product 9.5 (PGP 9.5; A–C), tyrosine 
hydroxylase (TH; D–F), and neuronal nitric oxide synthase (nNOS; G–I). Normal submandibular glands at week 0 (A, D, G); control submandibular 
glands at week 4 (B, H) and week 2 (E); experimental submandibular glands at week 4 (C, I) and week 2 (F). Scale bars = 30 μm. At week 0, all 
immunoreactivities were minimal (A, D, G). Immunoreactivities were similar between experimental glands (B, E, H) and control glands (C, F, I).
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cell enlargement and impeding acinar cell prolifera
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and brachioradialis muscle belly: prevalence and 

1Department of Anatomy, Second Faculty of Medicine, Charles University, Prague, Czech Republic
2Department of Anatomy, Third Faculty of Medicine, Charles University, Prague, Czech Republic
3Department of Health Care Studies, College of Polytechnics Jihlava, Czech Republic

Background:
innervating the dorsoradial part of the hand. It originates in the cubital fossa, runs 
under the belly of the brachioradialis muscle (BM), emerges from underneath in 
the distal third of the forearm and continues in the subcutaneous tissue towards 
the hand. There exist several anatomical variations of its branching and course, 
including a rare variation of its duplication combined with a duplication of the 

of this variation on a sample of cadaveric human bodies which has not been 
reported yet.
Materials and methods: We have carefully dissected 208 cadaveric upper limbs 
(Central European population). All cases of limbs containing the variation of  
a double SBRN and/or a double BM belly were measured and documented.
Results:
BM belly (0.96%). Both were present in the right forearm of a male donor and in 
both cases the nerve was impinged by muscle bundles connecting the 2 muscle 
bellies together. Moreover, we have encountered 1 case of a double SBRN without 
a double BM belly (0.48%), i.e. the total prevalence of a double SBRN was 1.44%.
Conclusions: The duplicated SBRN with the duplicated BM is a relatively rare ana-
tomical variation that might cause complications while performing various surgical 
procedures in the forearm, moreover it might be a rare cause of Wartenberg’s 
syndrome. (Folia Morphol 2023; 82, 3: 558–561)
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nerve; X — thick communicating branch; Y — thin communicating branch.
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Investigation of anastomoses between coronary 
arteries in Akkaraman sheep by plastic injection 
and corrosion method

, 

1Department of Nursing, Faculty of Health Sciences, Yozgat Bozok University, Yozgat, Turkey 
2Department of Anatomy, Faculty of Medicine, Erciyes University, Kayseri, Turkey

Background: Since it is critical to understand the anatomy of the coronary arteries 
and the anastomoses between them in Akkaraman sheep, the coronary arteries 
will be examined using a plastic injection and corrosion technique.
Materials and methods: In our investigation, researchers used 20 Akkaraman 
sheep’s hearts collected from slaughterhouses in and near Kayseri, and hearts 
from animals aged 2–3 years were included. The anatomy of the coronary arteries 
of the hearts was studied by plastic injection and corrosion method. The macro-
scopically examined patterns of the excised coronary arteries were photographed 
and recorded.
Results and Conclusions: This approach indicated arterial vascularisation of the 
heart in sheep, with a. coronaria dextra and a. coronaria sinistra developing from 
the commencement of the aorta. It was determined that a. coronaria sinistra, 
after leaving the initial part of the aorta, proceeds to the left and divides into two 

a right angle between them, immediately after reaching the sulcus coronarius. 
Anastomosis of the branches of r. distalis atrii dextri with the branches of r. inter-

from r. proximalis atrii sinistri with the branch of r. proximalis atrii dextri running in 

atrii sinistri were detected. In one heart, the r. septalis protruded roughly 0.2 cm 
from the beginning of a. coronaria sinistra. (Folia Morphol 2023; 82, 3: 562–567)
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Figure 1. The branch that separates from the aorta (AO) between
a. coronaria dextra (ACD) and a. coronaria sinistra (ACS); 1 — branch 
that separates from the aorta between a. coronaria dextra and
a. coronaria sinistra (Ramus septalis).

Figure 2. 

sinister; 1 — r. proximalis atrii dextri; 2 — r. intermedius atrii dextri; 
3 — r. distalis atrii dextri; 4 — r. marginis ventricularis dextri; 5 —
r. distalis ventriculi dextri; 6 — r. intermedius atrii dextri anastomoses 
with r. proximalis atrii dextri and r. distalis atrii dextri.
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DISCUSSION AND CONCLUSIONS

Figure 3. Division of a. coronaria sinistra (ACS) into three branches; 

r. interventricularis paraconalis; 1 — r. proximalis atrii sinistri; 2 —
r. proximalis ventriculi sinistri; 3 — r. marginis ventricularis sinistri.
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The petrosal artery and its variations: 
a comprehensive review and anatomical study 
with application to skull base surgery 
and neurointerventional procedures

, 

1Tulane University School of Medicine, New Orleans, LA, United States 
2Department of Neurosurgery, Medical College of Wisconsin, Milwaukee, WI, United States 
3Department of Structural and Cellular Biology, Tulane University School of Medicine, New Orleans, LA, United States 
4Physician Assistant Programme, Wagner College, Staten Island, New York, United States 
5Division of Anatomy, Department of Radiology, Weill Cornell Medicine, New York, NY, United States 
6Department of Neurosurgery, Tulane Centre for Clinical Neurosciences, Tulane University School of Medicine, 
New Orleans, LA, United States 
7Department of Neurology, Tulane Centre for Clinical Neurosciences, Tulane University School of Medicine, 
New Orleans, LA, United States 
8Department of Anatomical Sciences, St. George’s University, St. George’s, Grenada, West Indies 
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

Background: The petrosal artery supplies several structures at the skull base and is 
often the focus of various neurointerventional procedures. Therefore, knowledge 
of its anatomy and variations is important to surgeons and interventionalists. 
Materials and methods: Twenty latex injected cadaveric heads (40 sides) under-
went microsurgical dissection of the petrosal artery. Documentation of the course 
of the artery and its branches were made. Measurements of the petrosal artery’s 
length and diameter were performed using microcallipers.
Results:
of the artery within the middle cranial fossa was 2.4 cm and 0.38 mm, respec-

extending through the foramen ovale, branches directly to the greater petrosal and 

petrosal nerves, branch to the arcuate eminence, and superior tympanic artery. No 

but right-sided petrosal arteries were in general, larger in diameter than left sides.
Conclusions: A thorough anatomical knowledge of the petrosal artery and to its 
relationship to the facial nerve and other neurovascular structures is necessary to 
facilitate effective endovascular treatment and to preclude facial nerve compli-
cations. (Folia Morphol 2023; 82, 3: 568–579)
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MATERIALS AND METHODS

Figure 1. Schematic drawing of the left petrosal artery (*) (medial to lateral view) and its supply of the facial nerve. Also, note the surrounding 
blood vessels and their anastomoses. 
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RESULTS

 

DISCUSSION 

Anatomy 

Figure 2. Schematic drawing of the right skull base and right petrosal artery (PA) and its origin from the middle meningeal artery (MMA). Note 
the relationships between the greater petrosal nerve (GPN), geniculate ganglion (GG), and mandibular nerve (V3). Also note the trigeminal nerve 
(CNV) and tensor tympani muscle (TTM). 
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Figure 3. Cadaveric dissection of the left petrosal artery (PA). Note the cavernous branch (CB), middle meningeal artery (MMA), trigeminal 
ganglion (TG), and mandibular nerve (V3). 

Figure 4. Right sided cadaver dissection illustrating a superior tympanic artery (STA) arising from the origin of the petrosal artery (PA) from the 
middle meningeal artery (MMA); I — incus; M — malleus; TM — tympanic membrane.
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Figure 5. Right sided cadaver dissection noting the petrosal artery (PA), orbital branch (OB) of the middle meningeal artery (MMA), and greater 
(GPN) and lesser petrosal nerves (LPN). The vertical arrows show branches to the petrosal nerves and the horizontal arrows show branches to 
the mandibular nerve (V3) and the lesser petrosal nerve (LPN).

Figure 6. Left sided petrosal artery giving off an anterior dural branch (blue triangle) and then forming an arterial circle that ends (green triangle) 
to continue as a single petrosal artery (purple triangle) which gives off two medial dural branches (white triangles). Note the that the arterial 
circle gives two branches (red triangles) to the mandibular nerve (V3); MMA — middle meningeal artery; PA — petrosal artery.
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Figure 7. Cadaveric example of a petrosal artery (PA) and middle meningeal artery (MMA) that arose from below the foramen spinosum and entered 

been opened with adjacent bone to show the course of the petrosal artery; A. With the bony bridge; B. Following removal of the bony bridge.

A B

MMA divisions, accessory meningeal artery, carotid 
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Figure 8. Left petrosal artery (blue triangles) with an intracranial 
origin from the middle meningeal artery (MMA) and then during its 

bone (*). Note that a small needle is inserted under the bony bridge.
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Variations
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alternative type C pattern, one petrosal artery divides 
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Figure 9. Lateral projection showing the left petrosal artery (red arrows) following external carotid artery angiogram; A. Arterial phase; B. Late 
arterial/capillary phase.

A B
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Clinical implications 

 

petrosal artery.
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CONCLUSIONS

trosal artery and variations in its origin, dominance, 

cranial fossa and postoperative facial nerve palsy. 

facial nerve complications.
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Unravelling the mystery of porta hepatis 

 
1Department of Anatomy, R.G. Kar Medical College, Kolkata, West Bengal, India
2Department of Anatomy, Calcutta National Medical College, Kolkata, West Bengal, India

Background: Hepatobilliary surgery is nowadays growing with increasing pop-
ularity throughout the world with advent of newer liver imaging modalities. 
Anticipating a wide range of morphological variations of porta hepatis (PH), 
a precise understanding is pertinent to preoperative diagnosis, operative procedure 
and post-operative outcome of hepatobiliary disease. 
Materials and methods: Considering recent interest, present study was under-
taken. One-hundred and ten isolated adult cadaveric livers of unknown age and 
sex were dissected to explore detail morphology and morphometry of PH. 
Results: Classical picture of PH was observed in 20% liver. The standard representa-
tion of structures was highest in hepatic artery (59.1%) followed by portal vein 
(55.5%) and hepatic duct (51.8%). On the basis of structural distribution PH was 
described as 16 types. Maximum variable number was found in hepatic artery 
followed by portal vein and hepatic duct. In morphometric analysis, transverse 
diameter of PH was more than antero-posterior diameter, indicated that PH was 
slightly oval in transverse plane. Position of PH was more towards posterior and 
slightly right in inferior surface of liver. 
Conclusions: Variations of portal anatomy regarding circulatory and biliary dy-
namics is worth knowing in successful planning of hepatobiliary surgeries with 
least complications. (Folia Morphol 2023; 82, 3: 580–586)

INTRODUCTION



A. Saha, P. Srimani, Hepatic portal study

intervention often fail to recognise all anomalies 

MATERIALS AND METHODS

 

 —
• 

• 

• 

 —

• 

• 

• 

• 

RESULTS

 —

 —

 —

Figure 1. Morphometric measurements: a — transverse diameter 
of porta hepatis (PH); b — antero-posterior diameter of PH; c — cir-
cumference of PH; A — distance between left end of inferior surface 
and PH; B — distance between right end of inferior surface and PH;  
C — distance from postero-inferior border of liver to posterior margin of 
PH; D — distance from inferior border of liver to anterior margin of PH.
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Table 1. Morphology and morphometry of portal structures

Portal structures, n (%) Dimensions of porta hepatis [cm]

Vein [V] One 41 (37.3) Transverse diameter

Two 61 (55.5) Range 2.0–4.0

Three 6 (5.5) Mean ± SD 2.93 ± 0.51

Four 2 (1.8) 95% CI: LL/UL 2.83/3.03

Artery [A] One 21 (19.1) Antero-posterior diameter

Two 65 (59.1) Range 1.2–2.8

Three 14 (12.7) Mean ± SD 1.82 ± 0.38

Four 6 (5.5) 95% CI: LL/UL 1.75/1.89

Five 2 (1.8) Circumference

Six 2 (1.8) Range 4.8–11.5

Hepatic duct [D] One 51 (46.4) Mean ± SD 8.33 ± 1.63

Two 57 (51.8) 95% CI: LL/UL 8.02/8.64

Three 2 (1.8)

Figure 2. Types 1–16 porta hepatis with incidences; V — portal vein; A — hepatic artery; D — hepatic duct.
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DISCUSSION

Table 2. Comparison of portal structures between previous and present study

Present study 
[%]

Sapna et al. [23] 
[%]

Gupta et al. [12] 
[%]

Neginhal and Kulkarni [20] 
[%]

Vein One 37.3 50.8 84 26

Two 55.5 44.1 12 72

Three 5.5 5.1 4 –

Four 1.8 – – 2

Artery One 19.1 20.3 4 8

Two 59.1 55.9 32 56

Three 12.7 15.3 36 26

Four 5.5 8.5 25 8

Five 1.8 – 4 2

Six 1.8 – – –

Duct One 46.4 79.7 76 100

Two 51.8 16.9 20 –

Three 1.8 3.4 4 –

Classical portal structures 20% 1.7% 0% 0%

Highest combination of 
portal structures

1V2A2D 
(23.6%)

1V2A1D 
(25.4%)

2A1V1D 
(32%)

2V2A1D 
(36%)

Table 3. Comparison of morphometry of porta hepatis between previous and present study

Studies Transverse diameter [cm] Antero-posterior diameter [cm] Circumference [cm]

Sapna et al. [23] 4.825 2.433 –

Gupta et al. [12] 3.80 ± 1.03 1.79 ± 0.43 13.61 ± 1.92

Neginhal and Kulkarni [20] 3.17 ± 0.50 1.68 ± 0.36 10.46 ± 1.415

Present study 2.93 ± 0.51 1.82 ± 0.38 8.33 ± 1.63

Data are shown as mean ± standard deviation.
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Foramen magnum morphometry in children 
based on computed tomography examination

1Department of Anatomy, Faculty of Health Sciences in Katowice, Medical University of Silesia, Katowice, Poland 
2Department of Forensic Medicine and Forensic Toxicology, Faculty of Medicine in Katowice, Medical University of Silesia, 
Katowice, Poland

Background: The foramen magnum is the largest opening at the base of the skull. 

because of the vital structures that pass through it. The aim of the study was 
the morphometric analysis of the foramen magnum in children based on head 
computed tomography (CT). 
Materials and methods: The study was carried out on 84 CTs of the head of 

transverse dimensions were measured to determine the growth rate, changes 
between groups, and differences in the foramen size by sex. Statistical analysis 
of changes was performed. 
Results: The entire group’s mean transverse and sagittal dimensions were 
29.08 mm (standard deviation [SD] 3.4 mm) and 35.63 (SD 4.23) mm. By sex, 
the mean transverse dimension in girls was 28.53 (SD 3.25) mm, and in boys, 
29.6 (SD 3.49) mm. The mean sagittal dimension was 35.15 (SD 3.76) mm in girls 
and 36.09 (SD 4.64) mm in boys. Both dimensions were higher for the male sex. 

Conclusions: The dimensions were similar to those described in adults a moder-
ate dependence of the foramen magnum size on age was found. (Folia Morphol 
2023; 82, 3: 587–595)

children
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of FM are essential in many developmental malfor
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Figure 1. A. The sagittal dimension; B. The transverse dimension.
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RESULTS
 

 

Table 1. The results obtained for the sagittal and transverse dimensions of foramen magnum for the study group 

Variable N Min [mm] Max [mm] Mean [mm] Median SD

Sagittal dimension 84 24.79 43.09 35.63 36.29 4.23

Transverse dimension 84 19.27 35.62 29.08 29.53 3.4

N — number of patients; Min — minimum; Max — maximum; SD — standard deviation

Table 2. Sagittal dimension and transverse dimension values of foramen magnum obtained in a particular age group 

Age group N Min [mm] Max [mm] Mean [mm] Median SD P

Sagittal dimension

0–12 months 12 24.79 32.33 29.84 30.30 2.30

12–36 months 12 27.21 37.85 33.76 34.86 3.41 < 0.01

3–6 years 12 29.46 41.61 34.84 33.95 3.79 0.47

6–9 years 12 32.38 42.51 36.72 35.70 3.82 0.24

9–12 years 12 30.72 42.9 38.32 38.45 3.25 0.28

12–15 years 12 33.74 43.09 38.74 38.48 3.24 0.75

15–18 years 12 32.74 39.83 37.19 37.65 2.16 0.18

Transverse dimension

0–12 months 12 19.27 27.93 23.66 23.90 2.12

12–36 months 12 24.76 32.37 28.16 27.99 2.57 < 0.01

3–6 years 12 23.36 33.46 29.26 29.41 3.13 0.36

6–9 years 12 26.43 34.64 30.04 29.51 2.20 0.49

9–12 years 12 27.51 33.78 31.03 31.65 2.43 0.31

12–15 years 12 25.24 35.62 30.90 31.19 2.51 0.9

15–18 years 12 27.28 35.08 30.49 30.17 2.33 0.68

Figure 2. Mean values of sagittal dimension (APD) and transverse 
dimension (TD) obtained for the whole group and by sex.
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Table 3. The results obtained for the sagittal and transverse dimensions of foramen magnum for the study group by sex

Variable Sex N Min [mm] Max [mm] Mean [mm] Median SD

Sagittal 
dimension

Girls 41 28.17 42.9 35.15 35.42 3.76

Boys 43 24.79 43.09 36.09 36.78 4.64

Transverse 
dimension

Girls 41 22.54 35.08 28.53 28.81 3.25

Boys 43 19.27 35.62 29.6 30.06 3.49

N — number of patients; Min — minimum; Max — maximum; SD — standard deviation

Figure 3. Mean values of the sagittal (APD) and transverse dimension (TD) obtained for a particular age group. 
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DISCUSSION

Table 4. Sagittal dimension values of the foramen magnum obtained by sex

Age group Sex n/% Min [mm] Max [mm] Mean [mm] Median SD P

0–12 months Girls 6/50% 28.17 32.33 30.45 30.30 1.47 0.39

Boys 6/50% 24.79 31.93 29.24 29.75 2.93

12–36 months Girls 3/25% 29.99 35.68 33.7 35.42 3.21 0.97

Boys 9/75% 27.21 37.85 33.78 34.3 3.67

3–6 years Girls 5/41.7% 29.46 37.52 32.47 31.7 3.02 0.06

Boys 7/58.3% 31.73 41.61 36.54 37.45 3.5

6–9 years Girls 7/58.3% 32.28 42.51 35.69 34.66 3.38 0.29

Boys 5/41.7% 32.41 42.16 38.16 39.6 4.31

9–12 years Girls 6/50% 30.72 42.9 37.97 38.48 4.09 0.73

Boys 6/50% 34.54 42.09 38.66 38.45 2.48

12–15 years Girls 6/50% 33.74 40.59 36.69 36.63 2.49 < 0.02

Boys 6/50% 36.65 43.09 40.79 41.61 2.61

15–18 years Girls 8/66.7% 32.74 39.83 37.13 37.71 2.45 0.90

Boys 4/33.3% 35.12 39.01 37.31 37.56 1.73

Table 5. Transverse dimension values of the foramen magnum obtained by sex

Age group Sex n/% Min [mm] Max [mm] Mean [mm] Median SD P

0–12 months Girls 6/50% 22.54 24.62 23.78 23.9 0.82 0.86

Boys 6/50% 19.27 27.93 23.54 23.47 3.03

12–36 months Girls 3/25% 24.76 27.37 26.12 26.23 1.31 0.12

Boys 9/75% 25.09 32.37 28.85 29.62 2.57

3–6 years Girls 5/41.7% 23.36 30.91 27.2 27.06 3.16 < 0.05

Boys 7/58.3% 27.7 33.46 30.74 31.45 2.28

6–9 years Girls 7/58.3% 27.4 34.64 30.16 29.55 2.27 0.83

Boys 5/41.7% 26.43 32.31 29.87 29.44 2.33

9–12 years Girls 6/50% 27.51 33.78 29.89 28.62 2.7 0.11

Boys 6/50% 29.51 33.75 32.17 32.21 1.6

12–15 years Girls 6/50% 25.24 31.65 29.3 29.7 2.18 < 0.02

Boys 6/50% 30.99 35.62 32.5 31.82 1.73

15–18 years Girls 8/66.7% 27.28 35.08 30.8 30.03 2.66 0.55

Boys 4/33.3% 27.53 31.1 29.88 30.45 1.63
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O R I G I N A L    A R T I C L E

Morphological analysis of C2–C7 spinous  
process bifurcation in Chinese population:  
a study using three-dimensional reconstruction 
of computed tomography

School of Traditional Chinese Medicine, Southern Medical University, Guangzhou, China

Background: This study aimed to investigate the anatomical morphology of the 
C2 to C7 spinous process (SP) bifurcation (SPB) in the Chinese population and 

Materials and methods: Measurement parameters of the three-dimensional 
(3D) reconstructions of neck computed tomography scans (n = 92 scans) were 
retrospectively analysed. The 3D reconstruction and measurements were per-
formed using Mimics Research 19.0 and 3-Matic Research 11.0. Two independent 
investigators reviewed all the data, including parameters such as the length and 
angle of the SPB. The effects of age and sex were also analysed.
Results:

-

values demonstrated excellent intra-rater reliability (ICC = 0.9, p < 0.0001) in 
-

while unilateral SP was not.
Conclusions:
reliable, despite the subjective bias. Identifying the cervical level by C6 bifurcation 

and effective anatomical reference for SPB studies in the Chinese population. 
(Folia Morphol 2023; 82, 3: 596–602)

INTRODUCTION
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MATERIALS AND METHODS
Materials

Methods 

, 
angle , angle 

Ethics approval and consent to participate

Table 1. Description of anatomical landmarks in specimen

Landmarks Description

a

b

c

d The tip of the posterior tubercles  
of the left transverse process

e The midpoint of line df (the transverse reference line)

f The tip of the posterior tubercles  
of the right transverse process

Table 2. Measurement parameters of spinous process bifurcation

Parameters

The length of the left branch Distance of bc 7.34 ± 2.37* 4.74 ± 1.42*

The length of the right branch Distance of ba 7.56 ± 2.54* 4.74 ± 1.41*

The distance between two SPB tips Distance of ac 10.87 ± 3.38* 8.56 ± 2.36*

The depth of bifurcation h 4.77 ± 2.05* 1.84 ± 0.8*

Angle 96.91 ± 24.25* 132.66 ± 17.59*

The angle between the left branch and the transverse baseline Angle 81.66 ± 3.72# 83.38 ± 3.49#

The angle between the right branch and the transverse baseline Angle 81.91 ± 3.71# 83.22 ± 3.79#

*p < 0.001, using t-test; #p < 0.05, using t-test
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Statistical analysis

 

Figure 1. 

f — the tip of the posterior tubercles of right transverse processes; ba — the length of the right branch; bc — the length of the left branch;  
ac — the distance between two spinous process bifurcation tips; h — the depth of bifurcation;  — the angle of two branches;  — the angle  
of deviation of the left branch;  — the angle of deviation of the right branch.

Figure 2. The superior view of cervical vertebra (the upper row) and posterior view of cervical vertebra (the lower row). Four types of spinous 
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RESULTS

 
 

Table 3. 

Experimenter A Total

Unilateral branch 

Experimenter B 244 40 0 0 284

2 28 31 0 61

0 0 198 1 199

Unilateral branch 0 0 1 7 8

Total 246 68 230 8 552

Figure 3. These four pictures are all from the same vertebra (C2). Different transverse slices of computed tomography scan presented differ-
ent morphological types of spinous process bifurcation in C2. The lateral view (A) and posterior view (C) of three-dimensional reconstructed 
C2 vertebra; B. D.

A B

C D
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DISCUSSION

Figure 4. Counts of four spinous process bifurcation morphological 
types in six cervical levels.

Table 4. Frequency and percentage of spinous process bifurcation morphological types in age, sex and cervical level 

Morphological types Unilateral branch Total (cases)

Age (mean ± SD) 40.78 ± 9.55 40.15 ± 11.18 46.67 ± 6.87 40.31 ± 9.15 40.61 ± 9.61

Male (cases) 149 (49.67%)* 26 (8.67%)* 7 (2.33%) 118 (39.33%) 300

Female (cases) 103 (40.87%)* 39 (15.48%)* 2 (0.80%) 108 (42.86%) 252

C2 (cases) 85 (92.39%) 3 (3.26%) 4 (4.35%) 0 92

C3 (cases) 40 (43.47%) 26 (28.26%) 2 (2.17%) 24 (26.08%) 92

C4 (cases) 55 (59.78%) 15 (16.30%) 2 (2.17%) 20 (21.74%) 92

C5 (cases) 57 (61.96%) 16 (17.40%) 0 19 (20.65%) 92

C6 (cases) 15 (16.30%) 5 (5.43%) 1 (1.09%) 71 (77.17%) 92

C7 (cases) 0 0 0 92 (100%) 92

Total (cases) 252 (45.65%) 65 (11.78%) 9 (1.63%) 226 (40.94%) 552

 
(p = 0.008 < 0.008333, the  level was adjusted according to Bonferroni method,  = 0.008333); SD — standard deviation
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Morphological and morphometric features 
 

in caudal epidural anaesthesia 
, 

P. Pavlidis
1Department of Anatomy, School of Medicine, Democritus University of Thrace, Alexandroupolis, Greece 
2Department of Anaesthesiology, School of Medicine, Democritus University of Thrace, Alexandroupolis, Greece 
3Laboratory of Forensic Sciences, School of Medicine, Democritus University of Thrace, Alexandroupolis, Greece

Background: Caudal epidural block (CEB) failure or complications are not unheard 
even among experienced anaesthesiologists and are usually due to sacral hiatus 
(SH) anatomy variations. The aim of the present study is to observe, record and 
analyse important anatomical features of SH and correlate them with potential 
CEB limitations. 
Materials and methods: The SH of 155 complete and undamaged Greek adult 
dry sacra of known sex were included in the study. Three non-metric (shape of 
SH and location of hiatal apex and base in relation to level of sacral/coccygeal 

SH at the base, anteroposterior diameter of the SH at the level of its apex and 
the distance from the sacral apex and base to the upper border of S2 foramina) 
were evaluated. 
Results: Inverted U (34.83%) and inverted V (26.45%) were the commonest 
shapes. Hiatal apex and base were most commonly related to the level of S4 
(78.70%) and S5 vertebra (89.03%), respectively. Mean height, depth and inter-
cornual distance were 19.05 ± 8.65 mm, 5.39 ± 1.84 mm and 12.41 ± 3.16 mm, 
respectively, whereas mean distance between the upper border of S2 foramen 
and the apex and base of the SH were 46.34 mm and 63.48 mm, respectively. 
Anatomical variations of SH that might be responsible for CEB failure, such as 
elongated SH, absence of SH, complete dorsal wall agenesis of sacral canal and 
narrowing (< 3 mm) at the apex of SH were found in 17.43% of sacra (male 
10.94% and female 25.22%).  
Conclusions: This study suggests a potential risk of failure of CEB in Greek pa-
tients, especially in females, which should be kept in mind while giving caudal 
epidural anaesthesia. (Folia Morphol 2023; 82, 3: 603–614)

anaesthesia, Greece
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INTRODUCTION

pain syndromes and for cancer pain management 
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MATERIALS AND METHODS

Non-metric parameters

 —
 —

 —  

Metric parameters

 —

 

 —

 —

 

 —

 —

Statistical analysis

RESULTS

Figure 1. Metric parameters evaluated: 1 — height of sacral hiatus; 
2 — transverse width of the sacral hiatus at the base (intercornual 
distance); 3 — distance from sacral apex to the upper border of S2 
foramina; 4 (4 = 1 + 3) — distance from the base of sacral hiatus 
to the upper border of S2 foramina.

Figure 2. Anteroposterior diameter (depth) of the sacral hiatus at 
the level of its apex. 
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Figure 3. Observed sacral hiatus shapes: A. Inverted U; B. Inverted V; C. Irregular; D. Dumbbell; E. F. M pattern; G. Elongated; H. Complete 
dorsal wall agenesis; I. Absence of sacral hiatus.

A B C

D E F

G H I

.
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Table 1. Shape of sacral hiatus

Shape of sacral hiatus Male Female Total

Number Per cent Number Per cent Number Per cent

30 36.58% 24 32.87% 54 34.83%

22 26.82% 19 26.02% 41 26.45%

Irregular 17 20.73% 14 19.17% 31 19.99%

Elongated 1 1.21% 3 4.10% 4 2.58%

Dumbbell 6 7.31% 4 5.47% 10 6.45%

2 2.43% 3 4.10% 5 3.22%

Pattern ‘ 0 0% 2 2.73% 2 1.29%

Complete dorsal wall agenesis 2 2.43% 1 1.36% 3 1.93%

Absence of sacral hiatus 2 2.43% 3 4.10% 5 3.22%

Total 82 100% 73 100% 155 100%

Table 2. Location of hiatal apex in relation to the level of sacral vertebra

Vertebral level Male Female Total

Number Per cent Number Per cent Number Per cent

S2 1 1.21% 1 1.36% 2 1.29%

S3 9 10.97% 8 10.95% 17 10.96%

S4 66 80.48% 56 76.71% 122 78.70%

S5 6 7.31% 8 10.95% 14 9.03%

Total 82 100% 73 100% 155 100%

Table 3. Location of hiatal base in relation to level of sacral/coccygeal vertebra

Vertebral level Male Female Total

Number Per cent Number Per cent Number Per cent

S4 1 1.21% 1 1.36% 2 1.29%

S5 74 90.24% 64 87.67% 138 89.03%

C1 7 8.53% 8 10.95% 15 9.67%

Total 82 100% 73 100% 155 100%

 
 

 
 

DISCUSSION
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Figure 5. Level of sacral hiatus base at S5.Figure 4. Level of sacral hiatus apex at S4.

Table 4. Evaluated morphometrical parameters of dry sacra

Parameters Mean 
[mm]

Median 
[mm]

Standard 
deviation [mm]

Range 
[mm]

Height of sacral hiatus 19.05 18.8 8.65 1.57–58.91

Transverse width of sacral hiatus (intercornual distance) 12.41 12.71 3.16 3.32–20.09

Anteroposterior diameter (depth) of sacral hiatus at the level of its apex 5.39 5.48 1.84 1.22–12.12

Distance from sacral apex to the upper border of S2 foramina 46.34 45.87 11.06 12.07–89.11

Distance from the base of sacral hiatus to the upper border of S2 foramina 63.48 62.74 8.25 48.47–90.65

Table 5. Height of sacral hiatus from apex to midpoint of base

Height of sacral  
hiatus [mm]

Male Female Total

Number Per cent Number Per cent Number Per cent

0–10 10 12.19% 12 16.43% 22 14.2%

11–20 36 43.90% 30 41.09% 66 42.6%

21–30 27 32.92% 26 35.61% 53 34.2%

31–40 7 8.53% 5 6.84% 12 7.7%

41–50 1 1.21% 0 0% 1 0.65%

> 51 1 1.21% 0 0% 1 0.65%

Total 82 100% 73 100% 155 100%
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Table 7. Transverse width of sacral hiatus (intercornual distance)

Transverse  
width [mm]

Male Female Total

Number Per cent Number Per cent Number Per cent

0–5 1 1.21% 0 0% 1 0.65%

6–10 18 21.95% 17 23.28% 35 22.6%

11–15 44 53.65% 41 56.16% 85 54.8%

> 16 19 23.17% 15 20.54% 34 21.9%

Total 82 100% 73 100% 155 100%

Table 8. Anteroposterior diameter (depth) of sacral hiatus at the level of apex

Anteroposterior  
diameter [mm]

Male Female Total

Number Per cent Number Per cent Number Per cent

0–3 4 4.87% 11 15.06% 15 9.7%

4–6 48 58.53% 38 52.05% 86 55.6%

7–9 27 32.92% 23 31.50% 50 32.2%

> 9 3 3.65% 1 1.36% 4 2.5%

Total 82 100% 73 100% 155 100%

Table 6. Sexual dimorphism

Parameters [mm] Sex Mean 
[mm]

Median 
[mm]

SD 
[mm]

Range
(mm]

P value 
(K-S test)

Normality P value*

Height of SH Male 20.01 19.02 9.37 1.57–58.91 0.2 Yes (t-test) 0.035

Female 17.8 17.14 7.44 5.66–35.66

Transverse width of SH 
(intercornual distance) 

Male 12.87 13.29 3.35 3.32–20.09 0.2 Yes (t-test) 0.109

Female 11.79 11.8 2.79 5.43–16.34

Anteroposterior diameter (depth) 
of SH at the level of its apex 

Male 5.62 5.61 1.75 1.38–12.12 0.2 Yes (t-test) 0.067

Female 5.07 5.32 1.93 1.22–8.98
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Table 9. Comparison between different studies regarding shapes of sacral hiatus

Author [reference] Ethnicity/Race Inverted “U” Inverted “V” Irregular Dumbbell

Kumar et al. [21] India 46.53% 29.7%

Nagar [27] India 27% 41.5% 14.1% 13.3% 1.5%

Patel et al. [33] India 49.3% 20% 4%

Njihia et al. [30] Kenya 16.7% 32.1% 19% 31%

Seema et al. [38] India 42.95 % 27.51% 16.10% 13.41%

Suwanlikhid et al. [44] Thailand 54.47% 19.57% 11.06% 2.13% 3.83%

Shewale et al. [42] India 40.69% 32.35% 9.31% 5.89% 0.98%

Phalgunan, Baskaran [34] India 35% 35% 28%

Bhattacharya et al. [6] India 65% 23% 12%

Ukoha et al. [45] Nigeria 48.2% 34.9% 4.8% 4.8% 4.8%

Nasr et al. [28] Egypt 31.33% 38.66% 15.33% 12% 2.66%

Mayuri et al. [24] India 42.37% 27.11% 16.1% 12.71% 1.69%

Rajeev et al. [35] India 42.12% 35.43% 12.99% 4.00% 5.51%

Osunwoke et al. [31] Nigeria 24.1% 33.1% 13% 9.3% 5.6%

Kamal et al. [18] Bangladesh 38.00% 35.10% 15.20% 5.30% 0.60%

Nadeem [26] Caucasians leaving 
in Germany

56% 14% 16% 10% 2%

Malarvani et al. [23] Nepal 35% 32% 14% 3% 2%

Vasuki et al. [46] India 36% 20% 33% 23% 3%

Laishram et al. [22] India 39.35% 16.77% 24.51% 7.091%

Saha et al. [36] India 70.09% 14.53% 12.82% 0.85% 1.71%

Bagheri, Govsa [5] Turkey 33.3% 19.45% 19.45% 6.9% 3.45%

Dhuria et al. [13] India 35.22% 29.54% 14.77%

Bagoji et al. [4] India 42.02% 26.08% 7.24% 12.31% 5.07%

Abera et al. [2] Ethiopia 37.7% 41% 4.9% 11.5% 3.3%
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Table 10. Comparison between different studies regarding the location of hiatal apex and base in relation to the level of sacral/coccygeal 
vertebra

Author [reference] Ethnicity/Race Location of hiatal apex in relation 
to level of sacral vertebra

Location of hiatal base 
in relation to level of sacral/ 

/coccygeal vertebra

S2 S3 S4 S5 S4 S5 C1

Nagar [27] India 3.4% 37.3% 55.9% 3.4% 11.1% 72.6% 16.3%

Patel et al. [33] India 0.66% 26.6% 53.3% 12.67% 10.67% 79.33%

Seema et al. [38] India 4.02% 35.57% 56.36% 4.02 % 13.42% 70.46% 16.10%

Suwanlikhid et al. [44] Thailand 1.18% 16.2% 58.4% 15.01% 7.50% 71.14% 8.69%

Shewale et al. [42] India 4% 15% 66% 14.5% 2% 82% 16%

Phalgunan, Baskaran [34] India 7.1% 46% 46%

Bhattacharya et al. [6] India 5% 72% 23%

Ukoha et al. [45] Nigeria 2.04% 20.05% 69.9% 4.8% 2.4% 88% 7.2%

Nasr et al. [28] Egypt 1.33% 14.66% 54.00% 27.33% 12% 70% 18%

Mayuri et al. [24] India 4.23% 35.39% 56.77% 3.38%

Rajeev et al. [35] India 5.60% 17.71% 60.23% 16.53% 4.33% 75.19% 21.25%

Osunwoke et al. [31] Nigeria 5.6% 20.4% 66.6% 7.4% 11.1% 59.3% 29.6%

Kamal et al. [18] Bangladesh 4.70% 30.40% 60.20% 4.70% 0.60% 91.20% 8.20%

Nadeem [26] Caucasians living in Germany 2% 62% 34% 2% 62% 24% 14%

Malarvani et al. [23] Nepal 3% 42% 39% 13% 31% 54% 1%

Vasuki et al. [46] India 3% 43% 48% 5% 16% 64% 20%

Bagheri, Govsa [5] Turkey 1.15% 10.34% 71.11% 11.49% 2.3% 82.76% 8.05%

Dhuria et al. [13] India 5.68% 21.59% 57.95% 9.09% 92.04% 7.95%

Bagoji et al. [4] India 2.89% 26.81% 58.69% 6.52% 18.11% 70.28% 6.52%

Abera et al. [2] Ethiopia 3.3% 26.2% 60.7 9.8% 78.7% 21.3%
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O R I G I N A L    A R T I C L E

 

The occipital-vertebral anastomosis revisited 
, 

4 , 

1Department of Anatomy, Jagiellonian University Medical College, Krakow, Poland 
2Department of Anatomy, Medical University of Warsaw, Poland 
3Department of Radiology, Jagiellonian University Medical College, Krakow, Poland 
4Department of Anatomy, All India Institute of Medical Sciences, Patna, India

Background: The goal of the study was to provide relevant data about the loca-
tion and prevalence of the occipital artery-vertebral artery (OA-VA) anastomosis 
in patients without visible occlusive disease, as well as to thoroughly discuss the 

properties of the OA and its branches were also analysed. 
Materials and methods: A retrospective study was carried out to indicate 
anatomical variations, their prevalence, and morphometrical data on the OA 
and its branches. The study was performed on 55 randomly selected computed 
tomography angiographies (CTA) of the head and neck region. Each CTA result 
was analysed bilaterally. Thus, 110 results were originally assessed. 
Results: The OA median maximal diameter was demonstrated at 4.85 mm 

and its branches were also measured giving a median result of 21.73, 30.29, 
60.84, 34.88, 18.02, 55.16 mm for the lower and upper sternocleidomastoid 
branch, meningeal branch, mastoid branch, and descending branch, respec-

 

was carried out in order to create a three-dimensional anatomical heat-map of 
the occurrence of the OA-VA anastomosis.
Conclusions: Knowledge about the anatomy of the OA-VA anastomosis might 
be of immense importance to avoid potentially fatal complications during em-
bolisation of the OA and its branches. (Folia Morphol 2023; 82, 3: 615–623)
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Ethical approval

Ethical concern

Statistical analysis

 

RESULTS
A total of 88 OAs of 44 patients were analysed. 
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Table 1. 

Category Number Percentage

Patients’ sex

Female 32 36.4%

Male 56 63.6%

Initial direction of the OA

Superior 32 76.2%

Posterior 8 19.0%

Interior 1 2.4%

Anterior 1 2.4%

Presence of the LSCMB

Absent 77 87.5%

Present 11 12.5%

Presence of the USCMB

Absent 76 86.4%

Present 12 13.6%

Presence of the MEB

Absent 79 89.8%

Present 9 10.2%

Presence of the MAB

Absent 84 95.5%

Present 4 4.5%

Presence of the AB

Absent 82 93.2%

Present 6 6.8%

Presence of the DB

Absent 44 50.0%

Present 44 50.0%

Presence of an anastomosis

Absent 77 87.5%

Present 11 12.5%

Type of an anastomosis

DB of the OA with VA 5 45.5%

USCMB of the OA with VA 3 27.3%

DB of the OA with deep cervical artery 3 27.3%

AB — auricular branch; DB — descending branch; LSCMB — lower sternocleidomastoid 
branch; MAB — mastoid branch; MEB — meningeal branch; OA — occipital artery; 
USCMB — upper sternocleidomastoid branch; VA — vertebral artery

Figure 1. Occipital artery and its branches; 1 — lower sterno-
cleidomastoid branch; 2 — upper sternocleidomastoid branch; 
3 — descending branch; 4 — mastoid branch; 5 — auricular branch; 
6 — meningeal branch.

Figure 2. Sample anastomosis of the occipital artery.
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DISCUSSION

Table 2. Results of the measurements

Category Median LQ HQ Minimum Maximum Mean SD

Overall results

OA maximal diameter 4.85 4.11 5.53 2.69 9.32 4.86 1.07

VA maximal diameter 3.60 2.79 4.38 2.05 6.03 3.67 0.97

Distance between OA and LSCMB 21.73 10.40 28.65 5.95 31.61 20.24 9.02

Distance between OA and USCMB 30.29 24.15 39.48 12.10 49.16 31.37 11.13

Distance between OA and MEB 60.84 53.23 67.62 32.93 78.73 60.15 13.00

Distance between OA and MAB 34.88 21.30 52.51 16.75 61.12 36.91 19.70

Distance between OA and AB 18.02 17.37 21.49 10.40 26.60 18.65 5.33

Distance between OA and the DB 55.16 48.59 59.96 24.22 88.89 55.01 11.92

51.15 37.20 60.10 35.78 63.70 50.74 10.32

branch; OA — occipital artery; SD — standard deviation; USCMB — upper sternocleidomastoid branch; VA — vertebral artery

Table 3. Results of the measurements regarding sex

Category Sex Median LQ HQ Minimum Maximum Mean SD P

OA maximal diameter Females 4.90 3.79 5.65 2.69 9.32 4.94 1.41 0.91

Males 4.82 4.13 5.47 3.19 6.48 4.82 0.83

VA maximal diameter Females 3.74 2.67 4.43 2.05 6.03 3.75 1.19 0.98

Males 3.58 2.93 4.38 2.32 5.67 3.63 0.82

OA length Females 75.81 69.75 82.60 45.86 96.56 75.63 11.39 0.26

Males 70.52 64.02 85.38 45.36 95.42 72.92 13.09

Distance between OA and LSCMB Females 29.23 21.73 31.61 21.73 31.61 27.52 5.16 0.08

Males 17.07 10.22 25.46 5.95 28.65 17.51 8.79

Distance between OA and USCMB Females 32.06 28.09 49.16 28.09 49.16 36.44 11.20 0.48

Males 28.52 21.26 37.32 12.10 45.70 29.68 11.23

Distance between OA and MEB Females 63.08 56.80 72.03 52.75 78.73 64.41 10.87 0.73

Males 60.84 53.23 67.62 32.93 69.11 56.75 14.73

Distance between OA and MAB Females 61.12 61.12 61.12 61.12 61.12 61.12 — —

Males 25.85 16.75 43.90 16.75 43.90 28.83 13.82

Distance between OA and AB Females — — — — — — — —

Males 18.02 17.37 21.49 10.40 26.60 18.65 5.33

Distance between OA and the DB Females 57.15 51.81 61.22 46.64 88.89 59.57 11.99 0.18

Males 54.89 44.76 57.90 24.22 81.41 52.88 11.46

anastomosis
Females 54.51 51.01 60.79 50.87 63.70 55.90 6.13 0.32

Males 48.76 36.81 60.10 35.78 62.96 47.79 11.44

branch; OA — occipital artery; SD — standard deviation; USCMB — upper sternocleidomastoid branch; VA — vertebral artery
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Figure 3. Heat maps of the occurrence of the anastomosis of the occipital artery.

 
 

 

 

 

Figure 4. Three types of occipital-vertebral arterial anastomosis; 
AB — auricular branch; DB — descending branch; DCA — deep cer-
vical artery; ECA — external carotid artery; MaB — mastoid branch; 
MeB — meningeal branch; OA — occipital artery; USCMB — upper 
sternocleidomastoid branch.
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ants. Additionally, radiological imaging only allows 
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Mucous non-goblet cells in the small intestine  
of guinea pigs (Cavia porcellus): a histological 
and histochemical study

, A. Damian ,  
4

1Department of Anatomy, Faculty of Veterinary Medicine, University of Agricultural Sciences and Veterinary Medicine 
Cluj-Napoca, Romania
2Department of Histology, Faculty of Veterinary Medicine, University of Agricultural Sciences and Veterinary Medicine 
Cluj-Napoca, Romania
3Department of Physiology, Faculty of Veterinary Medicine, University of Agricultural Sciences and Veterinary Medicine 
Cluj-Napoca, Romania
4Faculty of Animal Sciences, University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca, Romania

Background: The covering and glandular epithelium of the small intestine in 
guinea pigs (Cavia porcellus) include some mucus-secreting cells. Goblet cells 

to the accumulation of mucin in the apical pole. The deep crypt secretory (DCS) 

in the large intestine in mice, guinea pigs, humans, monkeys, and pigs. Our study 
focuses on the microscopical and histochemical features of the DCS cells in the 
small intestine of guinea pigs. 
Materials and methods: The samples from the small intestine were collected 

Faculty of Veterinary Medicine Cluj-Napoca (Romania) with severe lesions result-

Mucous substances were detected using the Periodic Acid-Schiff and Alcian-Blue 
histochemical stain methods. 
Results: The intestinal samples of the guinea pigs assessed had a standard mi-
croanatomical structure. As regards the mucous-secreting cells from the small 

cells were only detected in the deep parts of the Lieberkühn glands from the 
jejunum and ileum, and were different morphologically and histochemically from 
the regular goblet cells. 
Conclusions:
existence of DCS cells in the jejunum and ileum of the small intestine, but not in 
the duodenum. (Folia Morphol 2023; 82, 3: 624–632)
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Figure 1. A.
cup-like appearance (black arrow); B. Duodenum (Periodic Acid-Schiff [PAS] stain): intensely PAS-positive (++) goblet cells (black arrow); 
C. Duodenum (Alcian-Blue stain): intensely Alcian-Blue-positive (++) goblet cells (black arrow); D.
presence of goblet cells and of non-goblet or deep crypt secretory (DCS) cells that have a multivacuolated or foamy cytoplasm (arrowhead), 
cells that are located in the deep part of the Lieberkühn glands; E. Jejunum (PAS stain): DCS cells (arrowhead) displaying a mild PAS-positive  
reaction (+) as compared to intensely PAS-positive (++) goblet cells (black arrow); F. Jejunum (Alcian-Blue stain): intensely Alcian-Blue- 
-positive stain (++) for the both goblet (black arrow) and DCS cells (arrowhead); G. 
both goblet cells (black arrow) and DCS cells (arrowhead), the last ones in a higher number comparing to jejunum; H. Ileum (PAS stain): 
similar histochemical features as in the jejunum, i.e. mildly PAS-positive stain (+) for DCS cells (arrowhead) and a strong PAS reaction (++) 
of the goblet cells (black arrow); I. Ileum (Alcian-Blue stain): similarly with the jejunum, the both mucus secreting cells displayed a strong 
Alcian-Blue stain (black arrow — goblet cells, arrowhead — DCS cells). 

A B C

D E F
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DISCUSSION

Cavia 
porcellus

(Cavia porcellus

Table 1. Descriptive statistics for cell count analysis

Segment Descriptive statistics for cell count analysis

All cells DCS cell 
count

Goblet cell 
count

Other type 
of cells

DCS cells 
[%]

Goblet cells 
[%]

Other type 
of cells [%]

Duodenum Mean 51.15 0 5.6 45.55 0.00% 11.33% 88.67%

SD 12.62 0 2.84 12.50

Min 32 0 3 27 0.00% 4.11% 75.00%

Max 73 0 14 70 0.00% 25.00% 95.89%

Range 41 0 11 43 0 0.208904 0.208904

Jejunum Mean 33.63 3.74 2.89 27 11.00% 8.13% 80.87%

SD 13.61 2.58 1.73 11.25

Min 11 0 0 10 0.00% 0.00% 65.63%

Max 55 8 6 49 33.33% 13.04% 94.44%

Range 44 8 6 39 0.33 0.13 0.29

Ileum Mean 36.72 8.67 5.11 22.94 24.93% 13.13% 61.93%

SD 8.66 2.30 2.72 6.42

Min 13 3 0 7 9.68% 0.00% 47.37%

Max 49 13 10 33 46.15% 25.81% 78.57%

Range 36 10 10 26 0.36 0.26 0.31

DCS — deep crypt secretory; SD — standard deviation; Min — minimal value; Max — maximal value
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Figure 3. Comparison between the surface of goblet cells between 
duodenal, jejunal, and ileal segments; D — duodenum; I — ileum; 
J — jejunum; D-S cell — surface of the goblet cells from the 
duodenal segment; J-S cell — surface of the goblet cells from the 
jejunal segment; I-S cell — surface of the goblet cells from the ileal 
segment.

Table 2. Descriptive statistics of measured cell surfaces

Intestinal 
segment

Descriptive statistics Cell type

Goblet cells DCS cells

Cell surface [μm2]

Duodenum Number of values 63 NA

Minimum 263.8 NA

Maximum 2039 NA

Range 1775 NA

Mean 825.7 NA

SD 410.3 NA

SEM 51.69 NA

CV% 49.70% NA

Jejunum Number of values 64 71

Minimum 326.4 253.7

Maximum 1754 1630

Range 1428 1376

Mean 932 936

SD 366.5 337.6

SEM 45.81 40.06

CV% 39.32% 36.06%

Ileum Number of values 83 133

Minimum 491.6 755.4

Maximum 2093 4009

Range 1601 3254

Mean 1162 1829

SD 368.8 657.9

SEM 40.48 57.05

CV% 31.73% 35.97%

DCS — deep crypt secretory; NA — not available; SD — standard deviation; CV% — 

Figure 2. Comparison of the surface of deep crypt secretory (DCS) 
cells between jejunal and ileal segments; I — ileum; J — jejunum; 
J-S cell — surface of the DCS cells from the jejunal segment;  
I-S cell — surface of the DCS cells from the ileal segment.

Table 3. Comparison of deep crypt secretory cell surfaces from 
the jejunum and ileum, using two-tailed t-test

Unpaired t-test

P value < 0.0001

P value summary   0.0001

Yes

Two-tailed

t, df t = 10.70, df = 202
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Table 5. Comparison of goblet cell surfaces from duodenal, 
jejunal, and ileal segments using ANOVA One-Way

ANOVA summary

F 15.08

P value < 0.0001

P value summary   0.0001

Yes

R square 0.1271

Table 4. 

Tukey’s multiple comparisons test Mean diff. 95.00% CI of diff. Summary Adjusted P value

D-S cell μm2 vs. J-S cell μm2 –106.3 –266.0 to 53.30 No NS 0.2599 A-B

D-S cell μm2 vs. I-S cell μm2 –336.5 –486.8 to –186.2 Yes   0.0001 < 0.0001 A-C

J-S cell μm2 vs. I-S cell μm2 –230.2 –379.8 to –80.55 Yes   0.01 0.001 B-C

2]
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CONCLUSIONS
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Gallic acid treatment protects intestinal 
tissue against ischaemia-reperfusion

, E. Deveci
1  
2

Background: This study aimed to investigate the protective effects of gallic acid 
(GA) in the rat intestine against ischaemia-reperfusion (IR) injury. 
Materials and methods: Thirty male Wistar albino rats with a mean weight of 
200–250 g were used. Animals were categorized into the sham, IR, and IR+GA 
groups. Ischaemia of the intestine was induced for 3 h by occluding the superior 
mesenteric artery (SMA) and then left for 3 h of reperfusion. In the IR+GA group, 
after ischaemia induction, 50 mg/kg GA was orally administered to the animals. 
Blood samples were collected for biochemical assays. Intestinal tissues were excised 
for histopathologic and immunohistochemical processing.
Results: Malondialdehyde (MDA) levels were increased, and catalase (CAT) and 
glutathione (GSH) levels were decreased in the IR group compared to the sham 
group. After GA treatment, MDA levels decreased and CAT and GSH levels in-
creased in the GA-treated group compared to the IR group. In the sham group, 
normal intestinal histology was observed. In the IR group, the villi structures were 
completely degenerated. In the IR+GA group, histology was improved after GA 
treatment. In the sham group, the caspase-3 reaction was generally negative in 
the epithelium and glands. In the IR group, the caspase-3 reaction increased in 

in goblet cells and the epithelium. A moderate caspase-3 reaction was observed 
in the IR+GA group. The beclin-1 reaction was negative in epithelial cells and 
goblet cells in villi in the sham group. In the IR group, the beclin-1 reaction was 
positive in the degenerated villi. An intense beclin-1 reaction was also observed in 

 
a few cells. In general, moderate beclin-1 positivity was observed. 
Conclusions: Gallic acid, with its antioxidative effect, inhibited the apoptotic path-
way (caspase-3) through beclin-1 regulation. (Folia Morphol 2023; 82, 3: 633–640)

INTRODUCTION
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Table 1. Biochemical and histological parameters of the sham, IR, and IR+GA groups

Parameters Groups N Median (minimum–maximum) Mean rank P-value

Malondialdehyde Sham 10 22.05 (14.98–46.28) 6.00 < 0.001*
0.04**IR 10 48.57 (24.68–64.51) 20.50

IR+GA 10 36.58 (25.16–50.36) 15.75

Glutathione Sham 10 1.63 (1.42–1.76) 20.30 < 0.001*
< 0.001**IR 10 0.42 (0.13–1.18)) 5.50

IR+GA 10 1.38 (1.19–1.88) 20.50

Catalase Sham 10 8.02 (5.47–8.63) 25.50 < 0.001*
< 0.001**IR 10 4.11 (2.08–4.98) 7.00

IR+GA 10 6.48 (4.83–7.33) 15.50

Epithelialization Sham 10 2.00 (1.00–3.00) 29.75 < 0.001*
< 0.001**IR 10 0.50 (0.00–3.00) 8.00

IR+GA 10 2.00 (1.00–3.00) 20.00

Sham 10 0.00 (0.00–1.00) 6.50 < 0.001*
< 0.001**IR 10 2.50 (2.00–3.00) 23.50

IR+GA 10 1.00 (1.00–3.00) 16.50

Dilatation Sham 10 0.00 (0.00–1.00) 6.50 < 0.001*
< 0.001**IR 10 2.00 (2.00–3.00) 22.50

IR+GA 10 1.00 (1.00–3.00) 14.75

Caspase-3 expression Sham 10 0.00 (0.00–1.00) 6.50 < 0.001*
< 0.001**IR 10 2.00 (2.00–3.00) 24.00

IR+GA 10 1.00 (1.00–3.00) 16.00

Beclin-1 expression Sham 10 0.00 (0.00–1.00) 6.50 < 0.001*
< 0.001**IR 10 2.00 (2.00–3.00) 24.00

IR+GA 10 1.00 (1.00–3.00) 14.50

*Sham vs. IR; **IR vs. IR+GA; IR — ischaemia-reperfusion; GA — gallic acid; n — number of animals
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Figure 1. Graphical illustration of malondialdehyde (MDA) (A), glutathione (GSH), and catalase (CAT) levels (B
dilatation, and caspase-3 and beclin-1 expression (C); IR — ischaemia-reperfusion; GA — gallic acid.

Figure 2. Haematoxylin and eosin (H E) staining of intestinal tissue sham group (A), IR group (B), IR+GA group (C
20×. Caspase-3 immunostaining of intestinal tissue sham group (D), IR group (F), IR+GA group (G
immunostaining of intestinal tissue sham group (G), IR group (H), IR+GA group (I
GA — gallic acid.
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were arranged as normal, cell degeneration was 
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antioxidant effects of obestatin on the colonic 
mucosa following acetic acid–induced colitis 

Department of Anatomy, College of Medicine, Taibah University, Madinah, Saudi Arabia

Background:
most characteristic pathologic features of colonic injury and colitis in human and 
experimental animals. Obestatin, a peptide derived from proghrelin, is reported 

mechanisms and the associated histopathological changes, are still in need of 
deeper exploration. This study explores the effect of obestatin on the course of 

-
optotic agent in relation to associated tissue stress parameters. 
Materials and methods: A total of 40 healthy male albino Wistar rats weighing 

 

+ obestatin for 14 days. Colonic samples were examined after staining haema-
toxylin and eosin, Alcian blue, Masson trichrome. The expression of proliferating 
cell nuclear antigen (PCNA), nuclear factor kappa B (NFkB), and caspase-3 was 
estimated after immunohistochemical staining. Oxidative stress parameters, anti-

Results: Colonic mucosa of group IV exhibited mucosal healing and regeneration 
of the surface epithelium with the restoration of the goblet cells’ function together 
with a decline in PCNA, NFkB, and caspase-3 immunoreactivity in comparison 

reduction in the levels of oxidative stress markers, malondialdehyde, total oxidant 
status with a marked increase in the activity of antioxidant enzymes, superoxide 
dismutase, catalase, and total cellular total antioxidant capacity. 
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INTRODUCTION
 

 

O  

Conclusions: The concomitant treatment of obestatin inhibits the development 
of AA-induced colitis. The data signify that it has both curative and protective 

(Folia Morphol 
2023; 82, 3: 641–655)
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Figure 1. Tissue sections of rats in group I and II stained with haematoxylin and eosin exhibited normal colonic structure with intact colonic 
mucosa and numerous goblet cells on the surface epithelium and crypts (A, B); C. Group III shows marked pathological changes in all colonic 
laminae which appears barely differentiated. The mucosa shows focal ulceration with complete absence of the goblet cells. The muscularis 

-
D). 

A
B

C
D
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Figure 2. The mucous secretions of the goblet cells in groups I and II stained Alcian blue demonstrated numerous deeply blue stained goblet 
A, B); C. Group III shows nearly absent goblet cells and mucous in 

addition to extreme reduction in the intensity of the stain; D. -
face epithelium.

A B

C D
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Figure 3. 
mucosae, and the submucosa (A, B); C. D. Group IV  

A B

C D
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Figure 4. The immunohistochemical examination of proliferating cell nuclear antigen of the mucosa of the colon of group I demonstrates weak 
brown cytoplasmic positive immunoreaction in the epithelium and few cells in the lamina propria (A). The picture is more or less the same 
in group II (B). Group III shows marked increased immunoreactivity in both epithelial cells and cells of lamina propria (C). Group IV reveals 
decrease in positive immunoreaction (D). 

A B

C D
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Figure 5. Nuclear factor kappa B immune staining of the group I show scanty brownish cytoplasmic positive immunoreaction in both the 
surface epithelium and the cells of lamina propria (A). Group II showed a more or less similar presentation in the mucosal crypts (B). Group III 
displays widespread marked immunoreactivity in all layers of colonic mucosa (C), while colonic mucosa of group IV presents a limited appear-
ance of the immunoreactivity to the mucosa and nearly absent reaction in the lamina propria (D).

A B

C D
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Figure 6. Caspase-3 expression in the colon mucosa showing nearly absent reaction in both groups I and II (A, B). Group III shows strong and 
diffuse reaction in all layers of the colonic mucosa (C). Group IV on the other hand shows very weak reactivity (D).
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C D
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DISCUSSION

Table 1. Colonic injury grades and number of goblet cells among the study groups observed 14 days after induction of colitis

Groups I II III IV

Microscopic grade 0.89 ± 0.2 0.92 ± 0.1 13.6 ± 1.8a 5.3 ± 2.6b

Goblet cell 51.3 ± 12.5 50.9 ± 11.9 18.7 ± 12.3a 42.8 ± 15.2b

Mean ± standard deviation; n = 10 in each group of animals; ap < 0.01 (group III vs. group I), bp < 0.001 (group III vs. group II)

Table 2. Comparison of tissue oxidant-antioxidant parameters among the study groups (n = 10)

Groups I II III IV

MDA [nmol/g] 4.1 ± 0.46 3.52 ± 0.38a 7.5 ± 2.8b 3.6 ± 1.3c

TOS [μmol/g] 1.86 ± 1.2 1.76 ± 1.5a 4.8 ± 12.3b 2.8 ± 1.4c

SOD [U/mg protein] 2.4 ± 0.98 2.8 ± 0.91a 0.51 ± 04b 3.6 ± 1.9c

CAT [k/g protein] 1.8 ± 0.65 1.9 ± 0.84a 0.36 ± 0.45b 1.6 ± 1.1c

TAC [mmol/L] 2.1 ± 0.48 2.8 ± 0.25a 0.45 ± 0.25b 2.3 ± 1.4c

Mean ± standard deviation; n = 10 in each group of animals; ap < 0.01 (group II vs. group I); bp < 0.001 (group III vs. group II/group I); cp < 0.003 (group IV vs. group III);  
MDA — malondialdehyde; TOS — total oxidant status; SOD — superoxide dismutase; CAT — catalase; TAC — total antioxidant capacity

Figure 7. Levels of myeloperoxidase (MPO) and ghrelin activity in 
colonic mucosa of rats in control and experimental groups. In rats 

MPO with a reduction in the levels of tissue ghrelin were observed 

of MPO with an elevation in the levels of tissue ghrelin (p < 0.001) 
following the treatment with obestatin. The results expressed as 
mean ± standard deviation (SD); n = 10 in each group of animals; 
p < 0.01 when compared with group I; p < 0.001 when compared 
with group I or II and III, respectively. 

Figure 8. 
hydroxyproline) in control and experimental groups. Rats treated 

 

group III (p < 0.001). The results expressed as mean ± standard 
deviation; n = 10 in each group of animals; p < 0.01 when com-
pared with group I or II; p < 0.001 when compared with group III.
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Clinical applications

CONCLUSIONS
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Potential therapeutic role of microvesicles 
derived from mesenchymal stem cells and 
platelet-rich plasma in murine burn wound 
healing: scar regulation and antioxidant 
mechanism

, M.M. Amer
1Department of Anatomy and Embryology, Faculty of Medicine, Cairo University, Cairo, Egypt
2Anatomy and Embryology Department, Faculty of Medicine, Ain Shams University, Egypt

Background: Microvesicles (MVs) derived from mesenchymal stem cells exhibited 
an emerging promising therapy in many animal model diseases. Post-burn scars 

study investigated the possible role of MVs derived from mesenchymal stem cells 
vs. platelet-rich plasma (PRP) in murine burn wound healing. 
Materials and methods: Wistar rats (n = 40) were assigned into four equal 
groups (control, burn, burn + PRP, burn + MVs). Small-sized burns were induced, 

were analysed biochemically and immunohistochemically. 
Results: Both MVs and PRP modulated the burn healing process with better re-

wound size healing and dramatically modulated tissue interleukin (IL)-10, IL-6, and 

miRNA203 and alpha smooth muscle actin and immunoblotting analysis of matrix 
metalloproteinases 3 and transforming growth factor beta compared with the 
burn group. The immune-staining intensity of tumour necrosis factor alpha was 
dramatically reversed in the MVs group compared with the burn group, whereas 

in both groups. The antioxidant Nrf2 immune-staining intensity had been dra-
matically enhanced particularly in MVs.
Conclusions: Microvesicles derived from mesenchymal stem cells and PRP may 
improve burn wound healing via regulating scar formation and antioxidant mech-
anism. (Folia Morphol 2023; 82, 3: 656–667)

miRNA203, rats
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Biochemical tests

Real-time reverse transcription polymerase 

®

Ct
Western blot analysis. 

Figure 1. A), 
whereas positive (+ve) reaction to CD90 (B) and CD105 (C); D. Electron microscope picture of MSCs-derived microvesicles (arrowheads). 

D

A B C
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Figure 2. A. Burn images at 1st day, 1st, 2nd, and 3rd weeks from burn induction showing accelerated burn wound healing, particularly in mi-
crovesicles (MVs) treated rats. B.

3 weeks; number of animals = 10 in each group; *p < 0.05, ***p < 0.0001.

A

B
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cytokine TNF-

Microvesicles  

Microvesicles and PRP enhance the antioxidant 
MVs and 

DISCUSSION

 

 levels and increasing 

Figure 3. Bar charts of ELISA levels of hyaluronic acid, interleukin 6 (Il-6) and interleukin 10 (IL-10) (A), polymerase chain reaction (PCR) 
levels of alpha smooth muscle actin ( SMA) and miRNA203 (B), and intensity of different histological and immune stains (Trichrome, CTGF, 
TNF- , collagen I and III, and Nrf2) (C); n = 10 for each group; *when p < 0.05, **when p < 0.01, ***when p < 0.001, ****when  
p < 0.0001 (error bar = standard error of the mean).

A B

C
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st to 4

, 

, 

 

Figure 4. A. Western blotting (WB) analysis of matrix 
metalloproteinases 3 (MMP-3) and transforming growth 
factor beta (TGF- ) in skin tissues among different groups 
with -actin as a housekeeping protein. Both proteins 
are overexpressed in the burn group, whereas exhibited 
a decreased expression in platelet-rich plasma (PRP) and 
microvesicles (MVs) treated groups. B. The graph shows 
the WB results among different groups; n = 10  
for each group; *when p < 0.05; **when p < 0.01;  
***when p < 0.001; ****when p < 0.0001 (error  
bar = standard error of the mean).

A

B



R.A. Imam, M.M. Amer, Microvesicles in burn wound healing

Figure 5. A, A*. -
lium with keratin covering); B, B*. Skin of burned animal showing complete epithelial necrosis with formation of scab (black arrowhead), with 

C, C*. Platelet-rich plasma treated 
group shows marked epithelisation (arrow) and granulation tissues formation with still collagenous matrix (white arrowhead), still the pres-

D, D*. With microvesicles 
-

Figure 6. A. The skin of the control animal shows normal collagen bundles within the dermal layer (arrowheads); B. Skin of burned animal 
C. Platelet-rich plasma treated group shows marked proliferation of 

D.

A B

C D

A* B*

C* D*

A B

C D
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Figure 7. Connective tissue growth factor (CTGF) immuno-expression in different groups; A. Skin of the control animal shows a mild expres-
sion of CTGF within the epidermal epithelium (arrowheads), whereas burn group (II) (B) shows marked expression; C. Platelet-rich plasma 
treated group displays a declined expression of CTGF within the epidermal covering; D. Burn group treated with microvesicles shows  
a marked decrease in the expression; CTGF ×400, bar = 20 μm.

Figure 8. Tumour necrosis factor alpha (TNF- ) immuno-expression in different groups; A. Skin of the control animal shows minimal expres-
sion within the dermis, whereas the burn group II (B) is showing increased expression; C. Platelet-rich plasma treated group shows a de-
clined dermal TNF-  immune expression compared to the burn group; D. Microvesicles treated group exhibits normal expression;  
TNF-  ×200, bar = 100 μm.

A B

C D

A B

C D
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Figure 9. Collagen I and III among different groups; A. The skin of the control animal displays a mild expression of collagen I within the dermal 
B) displays a marked expression; C. Platelet-rich plasma (PRP) treated group displays  

D. Microvesicles (MVs) treated group displays  
a marked decrease in its expression; A*.  
tissues (arrowheads). In contrast the burn group (B*) displays a marked collagen III expression; C*. PRP treated group shows a decrease in 

D*. MVs treated group displays a marked decrease in collagen III  
expression (collagen I and III immunohistochemistry, bar = 20 μm).

A B

C D

A* B*

C* D*
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Figure 10. A.
burned animal group II (B) displays a marked expression; C. Platelet-rich plasma treated group displays a decrease in the expression of Nrf2; 
D. Microvesicles-treated group displays a marked decrease in expression; Nrf2 ×200, bar = 20 μm.
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Protective effect of liriodendrin against liver 
ischaemia/reperfusion injury in mice via 

 
and nuclear factor kappa B/toll-like receptor 4 
pathway

1Department of General Surgery, Panjin Central Hospital, Panjin, Liaoning Province, China 
2Department of Intensive Care Unit, The People’s Hospital of Shimen County, Changde, Hunan Province, China 
3Department of Clinical Medicine, Yiyang Medical College, Yiyang, Hunan Province, China 
4Changsha Medical University, Changsha, Hunan Province, China

Background: The aim of the present study was to investigate the protective effect 
and mechanism of liriodendrin (LDN) is a lignan diglucoside in hepatic ischaemia/ 
/reperfusion (I/R) injury.
Materials and methods: The liver I/R was established in male C57BL/6 mice. The 
effect of LDN is initially investigated on hepatic I/R injury via estimating histopa-
thology of liver. The level of metabolic enzymes alanine aminotransferase (ALT), 
aspartate aminotransferase (AST) and alkaline phosphatase (ALP) was studied 

The effect of LDN was investigated on oxidative stress biomarkers (glutathione 
[GSH] content, malondialdehyde [MDA] and superoxide dismutase [SOD] activities) 

], interleukin 
[IL]-1  and IL-6). Western blot study was also conducted to elucidate the effect 
of LDN on toll-like receptor 4/nuclear factor kappa B (TLR4/NF- B). 
Results: Liriodendrin alleviates liver I/R injury, as manifested by decreased plasma 
ALT, AST and ALP with improvement in liver necrotic area. LDN also reduces ap-
optosis of mouse hepatocytes with reduction of oxidative stress and generation 

and NF- B.
Conclusions: The study demonstrated that LDN reduces liver injury and prevent-
ed apoptosis of hepatocytes following I/R injury. In addition, LDN also reduces 

B in I/R injured mice. (Folia Morphol 
2023; 82, 3: 668–676)
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Figure 1. Liriodendrin (LDN) reduces hepatic ischaemia/reperfusion (I/R) injury histopathology of liver sections (A), plasma level of alanine 
aminotransferase (ALT) (B), aspartate aminotransferase (AST) (C), and alkaline phosphatase (ALP) (D). Values represent the mean ± standard 
error of mean; **p < 0.05 vs. sham; *p < 0.05 vs. I/R, one-way analysis of variance (ANOVA) followed by Bonferroni post hoc test.

Figure 2. Liriodendrin (LDN) reduces apoptosis of hepatocytes after hepatic ischaemia/reperfusion (I/R) injury. Representative TUNEL staining 
of hepatocyte apoptosis (A B). Values represent the mean ± standard error of mean; **p < 0.05 vs. 
sham; *p < 0.05 vs. I/R, one-way analysis of variance (ANOVA) followed by Bonferroni post hoc test.
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Figure 3. A), 
representative bar-graph of apoptotic rate (B). Values represent the mean ± standard error of mean; ##p < 0.05 vs. sham; **p < 0.05 vs. 
I/R, one-way analysis of variance (ANOVA) followed by Bonferroni post hoc test; PI — propidium iodide; Annexin V FITC — annexin V conju-

Figure 4. Liriodendrin (LDN) inhibits oxidative stress after hepatic ischaemia/reperfusion (I/R) injury. Expression of malondialdehyde (MDA) (A),  
superoxide dismutase (SOD) (B), and glutathione (GSH) (C). Values represent the mean ± standard error of mean; **p < 0.05 vs. sham;  
*p < 0.05 vs. I/R, one-way analysis of variance (ANOVA) followed by Bonferroni post hoc test.
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LDN inhibited TLR4/NF- B 

DISCUSSION

Figure 5. Effect of liriodendrin (LDN) on various cytokines tumour necrosis factor alpha (TNF- ) (A), interleukin (IL)-1  (B), and IL-6 (C). Values 
represent the mean ± standard error of mean; **p < 0.05 vs. sham; *p < 0.05 vs. ischaemia/reperfusion (I/R), one-way analysis of variance 
(ANOVA) followed by Bonferroni post hoc test.

Figure 6. Effect of liriodendrin (LDN) on the toll-like receptor 4/nuclear factor kappa B (TLR4/NF- B) by Western blot analysis (A), representative 
quantitative bar-graph for TLR4 (B), and NF- B (C). Values represent the mean ± standard error of mean. **p < 0.05 vs. sham; *p < 0.05 vs. 
ischaemia/reperfusion (I/R), one-way analysis of variance (ANOVA) followed by Bonferroni post hoc test.
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Morphological study of the anatomical 
variations of anterior belly of digastric muscle  
in Brazilian cadavers 

,  

1Department of Biosciences, Anatomy Division, Piracicaba Dental School, University of Campinas, Piracicaba, São Paulo, Brazil
2Basic Sciences Department, Araçatuba Dental School, Paulista State University – UNESP, Araçatuba, São Paulo, Brazil

Background: Cases of variations in anterior belly of the digastric muscle must be 

aesthetic procedure and help in the teaching of anatomy. The aim of this study 
was to describe the anatomical variations of anterior belly of digastric muscle in 
Brazilian cadavers. 
Materials and methods: Thirty-one human heads were selected, from adult 
cadavers (18–80 years, 29 males and 2 females). The morphology of the anterior 
belly of the digastric muscle was observed, identifying the possible anatomical 

-
ric measurements were performed using a digital calliper. To analyse the data 
obtained, photographic documentation, anatomical description and individual 
morphometric description of each muscle belly were performed. The incidence 
of anatomical variation was obtained in percentage (%).
Results: The anatomical variation of the anterior belly of the digastric muscle was 

presented an accessory belly to the anterior belly. However, these accessory bellies 

dimensions (length and width). 
Conclusions: The gross anatomy of the anterior belly of the digastric muscle 
and their variations is important to assist in surgical procedures, pathological or 
diagnostic function. In addition, asymmetrical variations in the submental region 

 (Folia Morphol 2023; 
82, 3: 677–682)
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®
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tion and place of origin and insertion.

®
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Data analysis

RESULTS

 

 

 
 

 

 

 

diate tendon and are directed anteriorly to insert into 
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Figure 1. Submental region with emphasis on the location of the anatomical variation of the anterior bellies of digastric muscle. Different col-
ours delimit the belly area; 1 — main anterior belly; lowercase letters — accessory bellies.
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Expression and distribution of erythropoietin, 
vascular endothelial growth factor (VEGF) 
and VEGF receptor 2 in small intestine 
of yaks at different ages

4

1Life Science and Engineering College, Northwest Minzu University, Lanzhou, P.R. China 
2Key Laboratory of Biotechnology and Bioengineering of State Ethnic Affairs Commission, Biomedical Research Centre, 
Northwest Minzu University, Lanzhou, P.R. China 
3Gansu Tech Innovation Centre of Animal Cell, Biomedical Research Centre, Northwest Minzu University, Lanzhou, P.R. China 
4Laboratory of Animal Anatomy and Tissue Embryology, Department of Basic Veterinary Medicine, Faculty of Veterinary 
Medicine, Gansu Agricultural University, Lanzhou, P.R. China

Background: This study aimed to detect the expression and distribution of vascular 
endothelial growth factor (VEGF), VEGF receptor 2 (VEGFR-2), and erythropoietin 
(EPO) proteins in small intestinal tissues of 50-day-old, newborn, and adult yaks. 
The  results provide basic data for the study of the relationship between adapt-
ability and age of plateau yak.
Materials and methods: Small intestine tissues from healthy adult, 50-day-old, 

features were observed by haematoxylin and eosin staining. The expression of 
VEGF, VEGFR-2, and EPO proteins were detected by immunohistochemical staining.
Results: Immunohistochemical results showed that of the expression VEGF, 
VEGFR-2, and EPO were detected in the small intestinal villi of yaks at all ages. 
The EPO expression level in the jejunum and duodenal villous epithelial cells of 

The EPO expression level in ileum villous epithelial cells of 50-day-old yaks was 

newborn yak ileum and jejunum epithelial cells of the intestinal villus were sig-

duodenal intestinal villus epithelial cells expression levels were higher than in the 
adult and newborn yaks. The expression level of VEGFR-2 in the ileum, jejunum 

than in that of adult and newborn yak.
Conclusions: The expression and distribution characteristics of EPO, VEGF, and 
VEGFR-2 in yak intestinal tissues of different ages indicate that these proteins 
may be involved in the physiological regulation of yak intestines in hypoxic envi-
ronments. It may be an important regulatory protein in yak adaptation to a high 
altitude and low oxygen environment. (Folia Morphol 2023; 82, 3: 683–695)
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at different developmental stages.

Figure 1. Histological observations of yak small intestine (100×); A. Newborn ileum; B. 50-day-old ileum; C. Adult ileum; D. Newborn jejunum; 
E. 50-day-old jejunum; F. Adult jejunum; G. Newborn duodenum; H. 50-day-old duodenum; I. Adult duodenum; IG — intestinal gland; DG — 
duodenal gland; TM — tunica muscularis; IGC — intraepithelial goblet cell.

A B C

D E F

G H I
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Figure 2. Histological observations of yak small intestine (400×); A. Newborn ileum; B. 50-day-old ileum; C. Adult ileum; D. Newborn jejunum; 
E. 50-day-old jejunum; F. Adult jejunum; G. Newborn duodenum; H. 50-day-old duodenum; I. Adult duodenum; IG — intestinal gland; DG — 
duodenal gland; TM — tunica muscularis; IGC — intraepithelial goblet cell.
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Optical density analysis

 

 

DISSCUSSION

logical limiting factor in most mammals and can lead 

Table 1. Average integrated optical density values of vascular endothelial growth factor (VEGF), VEGF receptor 2 (VEGFR-2), and  
erythropoietin (EPO) in small intestine of newborn yak, 50-day-old yak and adult yak (mean ± standard deviation)

Species EPO VEGF VEGFR-2

Newborn yak 0.1076000 ± 0.074607774 0.130878 ± 0.1016521 0.00020000 ± 0.000327872

50-day-old yak 0.3320444 ± 0.039606651 0.056822 ± 0.0199790 0.02978889 ± 0.009988549

Adult yak 0.03253444 ± 0.01572786 0.043800 ± 0.0310143 0.00427300 ± 0.004416746
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A B C

D E F

G H I

J K L

Figure 3. Representative endothelial growth factor (VEGF) immunostaining images. Immunohistochemical results for VEGF in the ileum; 
A, B, C. VEGF immunostaining for newborn ileum 50-day-old ileum and adult ileum, respectively; D, E, F. VEGF immunostaining for newborn 
jejunum, 50-day-old jejunum and adult jejunum, respectively; G, H, I. VEGF immunostaining for newborn duodenum, 50-day-old duodenum and 
adult duodenum, respectively; J, K, L. Negative immunohistochemical expression results for the ileum, jejunum, and duodenum; IG — intesti-
nal gland; DG — duodenal gland; TM — tunica muscularis; IGC — intraepithelial goblet cell; CC — columnar cell; EC — endocrine cell; black 
arrows — positive expression.
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A B C

D E F

G H I

J K L

Figure 4. Representative endothelial growth factor receptor 2 (VEGFR-2) immunostaining images. Immunohistochemical results for VEGFR-2 in 
the ileum; A, B, C. VEGFR-2 immunostaining for newborn ileum 50-day-old ileum and adult ileum, respectively; D, E, F. VEGFR-2 immunostaining 
for newborn jejunum, 50-day-old jejunum and adult jejunum, respectively; G, H, I. VEGFR-2 immunostaining for newborn duodenum, 50-day-old 
duodenum and adult duodenum, respectively; J, K, L. Negative immunohistochemical expression results for the ileum, jejunum, and duodenum; 
IG — intestinal gland; DG — duodenal gland; TM — tunica muscularis; IGC — intraepithelial goblet cell; CC — columnar cell; EC — endocrine 
cell; black arrows — positive expression.
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J K L

Figure 5. Representative erythropoietin (EPO) immunostaining images; A, B, C. EPO immunostaining for newborn ileum 50-day-old ileum and 
adult ileum, respectively; D, E, F. EPO immunostaining for newborn jejunum, 50-day-old jejunum and adult jejunum, respectively; G, H, I. EPO 
immunostaining for newborn duodenum, 50-day-old duodenum and adult duodenum, respectively; J, K, L. Negative immunohistochemical 
expression results for the ileum, jejunum, and duodenum; IG — intestinal gland; DG — duodenal gland; TM — tunica muscularis; IGC — in-
traepithelial goblet cell; CC — columnar cell; EC — endocrine cell; black arrows — positive expression.
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Figure 6. Comparison of the integrated optical density values for vascular endothelial growth factor (VEGF), VEGF receptor 2 (VEGFR-2), 
and erythropoietin (EPO) among the studied samples; A, B, C. One way ANOVA of VEGF in ileum, jejunum and duodenum at different ages;  
D, E, F. One-way ANOVA of VEGFR-2 in ileum, jejunum and duodenum at different ages; G, H, I. One-way ANOVA of EPO in ileum, jejunum and 
duodenum at different ages. Data was analysed using one-way ANOVA. The values are shown as the mean ± standard deviation; * and *** 
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for endoscopic sinus surgery

1Department of Otorhinolaryngology Head and Neck Surgery, Beijing Chaoyang Hospital, Capital Medical University, 
Beijing, P.R. China 
2  
Beijing, P.R. China 
3Department of Otolaryngology, Beijing Hospital, National Centre of Gerontology, Institute of Geriatric Medicine, 
Chinese Academy of Medical Sciences, Beijing, P.R. China

Background: To investigate the anatomical imaging characteristics of supraseptal 
posterior ethmoid cells (SPEC).
Materials and methods: Paranasal sinus computed tomography scans of 153 
inpatients from February 2019 to September 2021 were reviewed, and the ana-
tomical characteristics of SPEC in the scans were collected.
Results: Supraseptal posterior ethmoid cells are posterior ethmoid (PE) cells 
extending medially and superiorly to the posterior superior of the nasal septum 
and into the sphenoid body but not close to the optic canal. The SPEC, Onodi 
cell, and sphenoidal sinus (SS) may appear in the posterior superior of the nasal 

lower than that of the SS (22.88%) and Onodi cell (21.57%). The anterior SPEC 
is adjacent to the cribriform plate, the perpendicular plate of the ethmoid bone 
and the posterior ethmoidal artery (PEA). The posterior SPEC is adjacent to the 
SS and PE (6/9 cases), the SS and Onodi cell (2/9 cases) or the PE only (1/9 cases).
Conclusions: The SPEC is a rare pneumatization that occurs in the posterior su-
perior area of the nasal septum. Care should be taken to protect the skull base, 
cribriform plate and PEA when opening the SPEC during endoscopic sinus surgery. 
(Folia Morphol 2023; 82, 3: 696–703)

INTRODUCTION
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MATERIALS AND METHODS

CT examination and analysis

Determination of the SPEC. 
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Determination of the Onodi cell

Figure 1. The location line of the coronal reconstruction of the computed tomography scan (the indication line in the midsagittal plane); A. The 

indicates the range of the anterior extension of the sphenoidal sinus (SS); B. The asterisk refers to the supraseptal posterior ethmoid cells displayed 

A B

Figure 2. The location of the supraseptal posterior ethmoid cells (SPEC) in the coronal and axial plane of the computed tomography (CT) images. 
A series of coronal CT scans (A–C) showing that a cell (indicated by the arrow) lies to the posterior superior area of the nasal septum. An axial 
CT scan of the top-down series (D–F) showing the SPEC (indicated by the star) located between the two sphenoidal sinus (SS) and the per-
pendicular plate of the ethmoid bone. The SPEC is connected to the left posterior ethmoid and drains into it; PEA — posterior ethmoidal artery.

A B C

FED
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Statistical analysis

Figure 3. The axial plane of computed tomography scan shows the adjacent structure of the supraseptal posterior ethmoid cells (SPEC) (in-
dicated by the solid triangle). Panel A shows the posterior portion of the SPEC adjacent to the posterior ethmoid (PE), panels B–D show that 
the posterior portion of the SPEC is adjacent to the sphenoidal sinus (SS). In addition, the SPEC can be adjacent to the PE or Onodi cell on both 
sides (B, C) or on one side (D).

A B

C D

Figure 4. Axial, coronal and sagittal planes (A–C) show isolated opacities within the supraseptal posterior ethmoid cells (indicated by the arrow); 
SS — sphenoidal sinus; ON — optic nerve.

A B C
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Figure 6. Anterior superior expansion of the sphenoidal sinus (SS). The SS extends anteriorly and superiorly (indicated by the arrow in panels 
A and B B). It looks like a supraseptal posterior ethmoid cells appears in the coronal plane (indicated by the 
arrow) (A); PEA — posterior ethmoidal artery.

A B

RESULTS
General characteristics of the SPEC

 χ  = 
χ  

 

χ

Figure 5. Anterior expansion of the left Onodi cell; panel A shows the anterior expansion of the left Onodi cell between the posterior-superior nasal 
septum and the sphenoid planum. It looks like a supraseptal posterior ethmoid cells in the coronal plane (indicated by the arrow in panels B and C). 
The white lines in panels A and C indicate the reconstruction position in the coronal plane (B). In the sagittal plane (C), the Onodi cell occupies the 
entire region under the sphenoid planum at the midline position; PEA — posterior ethmoidal artery; SS — sphenoidal sinus; ON — optic nerve.

A B C
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Figure 7. Anterior expansion of the Onodi cell and sphenoidal sinus (SS) simultaneously. A series of coronal computed tomography scans show 
that a rare variant, the Onodi cell (A–C), is above the SS (indicated by star); both cells extend to the posterior-superior nasal septum simulta-
neously (D, E). Two cells from two different sources appear in the coronal plane and look like supraseptal posterior ethmoid cells (C). The two 
lines in panel D indicate the section reconstruction position in the coronal plane (B, C); EMS — ethmomaxillary sinus; MS — maxillary sinus; 
PEA — posterior ethmoidal artery.

A B C

ED

Table 1. Characteristics of the supraseptal posterior ethmoid cells (SPEC) and differences from the Onodi cell and sphenoidal sinus (SS)

Type Characteristics Incidence

N Right Left Total sides (%)

SPEC The cell is limited to the central position under the sphenoid planum and is 
not close to the optic canal

153 0 9 9 (5.88%)

Onodi cell The cell extends superolateral to the SS and is attached to the optic canal 153 16 17 33 (21.57%)

SS The cell is connected to the SS 153 18 17 35 (22.88%)
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and the posterior ethmoidal artery

DISCUSSION
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CONCLUSIONS
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O R I G I N A L    A R T I C L E

 

Sex prediction with morphometric 
 

and phalanx obtained from X-ray images 
by using machine learning algorithms 

4   

1Department of Anatomy, Faculty of Medicine, Düzce University, Düzce, Turkey 
2Department of Anatomy, Faculty of Medicine, Karabük University, Karabük, Turkey 
3  
4

Background: The aim of this study is to predict sex with machine learning (ML) 
algorithms by making morphometric measurements on radiological images of the 

Materials and methods: In this study, radiologic images of 263 individuals (135 
female, 128 male) between the ages of 27 and 60 were analysed retrospectively. 
The images in digital imaging and communications in medicine (DICOM) format 
were transferred to personal workstation Radiant DICOM Viewer programme. 

bones were performed on the transferred images. In addition, the ratios of the 
-

Results:

0.85, and 0.71, respectively with decision tree algorithm. It was found that accu-
racy rates of other algorithms varied between 0.74 and 0.83. 
Conclusions: As a result of our study, it was found that sex estimation was made 
with high accuracy rate by using machine learning algorithms on X-ray images 

(Folia Morphol 2023; 82, 3: 704–711)
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INTRODUCTION

cially in terms of identity determination of victims of 

MATERIALS AND METHODS

Statistical analysis
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Table 1. Length and width measurements 

Measurement parameters

Length Width

Maximum length of metatarsal I

Maximum length of metatarsal V Shaft width of metatarsal I

Length of proximal phalanx I Width of metatarsal base I

Length of distal phalanx I

Length of middle phalanx V Shaft width of metatarsal V

Length of proximal phalanx V Width of metatarsal base V

Length of distal phalanx V Width of proximal phalanx I

Width of distal phalanx I

Width of proximal phalanx V

Width of middle phalanx V

Width of distal phalanx V

Figure 2. Figure 1. 

-
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for age parameter. 

linear discriminant analysis, decision tree, random 

Performance criteria

RESULTS

Table 2. Median, minimum, and maximum values of the length measurements taken from radiological measurements of male and female

Parameters [cm] Sex Median [cm] Minimum [cm] Maximum [cm]

Maximum length of metatarsal I Male 6.185 4.600 7.780

Female 5.650 4.690 6.950

Maximum length of metatarsal V Male 7.400 6.020 8.910

Female 6.790 5.580 8.040

Length of proximal phalanx I Male 3.230 2.490 3.980

Female 2.930 1.760 3.530

Length of distal phalanx I Male 2.715 2.040 3.430

Female 2.470 1.920 2.950

Length of proximal phalanx V Male 2.420 1.910 2.940

Female 2.230 1.640 2.690

Length of middle phalanx V Male 0.700 0.340 1.410

Female 0.630 0.320 0.910

Length of distalis phalanx V Male 0.915 0.310 1.320

Female 0.830 0.480 1.130

Male 5.915 4.670 7.230

Female 5.380 4.020 6.210

Male 4.050 2.810 5.130

Female 3.680 2.890 4.580

 
/maximum length of metatarsal I

Male 1.050 1.900 1.290

Female 1.050 1.890 1.480

 
/maximum length of metatarsal V

Male 1.820 1.470 2.230

Female 1.820 1.550 2.210

 

DISCUSSION
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Figure 3. Confusion matrix of decision tree algorithm.

Table 3. Median, minimum, and maximum values of the width measurements taken from radiological measurements of male and female

Parameters [cm] Sex Median [cm] Minimum [cm] Maximum [cm]

Male 2.380 1.790 3.040

Female 2.140 1.680 2.690

Width of metatarsal corpus I Male 1.650 1.150 2.010

Female 1.430 1.120 1.860

Width of metatarsal base I Male 2.450 1.820 3.160

Female 2.150 1.680 2.840

Medio-lateral width of metatarsal head V Male 1.480 0.970 2.110

Female 1.430 0.940 1.810

Width of metatarsal corpus V Male 0.940 0.730 1.250

Female 0.910 0.610 1.210

Width of metatarsal base V Male 2.560 1.940 3.280

Female 2.320 1.820 2.870

Width of proximal phalanx I Male 1.570 1.140 1.950

Female 1.360 0.940 1.780

Width of distal phalanx I Male 1.200 0.850 1.640

Female 1.060 0.790 1.330

Width of proximal phalanx V Male 0.580 0.370 0.780

Female 0.510 0.380 0.700

Width of middle phalanx V Male 0.855 0.470 1.180

Female 0.790 0.480 1.040

Width of distal phalanx V Male 0.520 0.350 0.830

Female 0.470 0.330 0.700

Table 4. Machine learning algorithms performance values

Algorithms Accuracy Sensitivity Mcc

0.83 0.83 0.83 0.69

LDA 0.81 0.81 0.81 0.62

DT 0.85 0.86 0.85 0.71

RF 0.83 0.85 0.83 0.68

ETC 0.74 0.75 0.74 0.48

LR 0.81 0.82 0.81 0.62
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O R I G I N A L    A R T I C L E

Correlation between glenoid bone structure 
and recurrent anterior dislocation 
of the shoulder joint

Department of Radiology, Peking University Third Hospital, China

Background: The aim of the study was to investigate the anatomical charac-
teristics and symmetry of the bilateral glenoid structures of Chinese people and 
to explore the relationship between the glenoid bone structure and recurrent 
anterior dislocation. 
Materials and methods: The control group included 131 individuals with no 
history of shoulder dislocation. The dislocation group consisted of 131 patients 
with a history of unilateral shoulder dislocation. All subjects underwent comput-
ed tomography scans. Glenoid shape (pear-shaped, inverted comma-shaped, 

area and volume were measured. 
Results:

control groups (p < 0.05). Regression analyses showed that the glenoid depth 

0.954) were associated with anterior shoulder instability. Pear-shaped and inverted 
comma-shaped glenoid had lower risk of recurrent anterior shoulder dislocation 
compared to oval glenoid. Receiver operating characteristic curve analysis showed 
that individuals with anterior shoulder instability had smaller glenoid depth and 

with the control group.
Conclusions: The normal bilateral glenoids of Chinese people are basically sym-

circle area are risk factors for recurrent anterior shoulder dislocation. Evaluation 
of the glenoid bone structure enables more accurate prediction of the risk of 
recurrent shoulder dislocation. (Folia Morphol 2023; 82, 3: 712–720)
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INTRODUCTION

 

MATERIALS AND METHODS

 

en face views. 
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Figure 1. Measurement of glenoid height (shown as h) and glenoid 
width (shown as w).

Figure 2. Measurement of glenoid depth (shown as d).
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Statistical analysis

Figure 3. Measurement of glenoid area; ROI — region of interest. Figure 4. 
— region of interest.

Figure 5. A–C. Measurement of glenoid volume; ROI — region of interest.

A B C
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RESULTS

>  

<

 

Figure 6. Measurement of glenoid version.

Figure 7. Inverted comma shape (A), pear shape or tear drop shape (B) and ovoid, oval or round shape (C).

A B C

Table 1. Skeletal anatomical parameters of bilateral glenoid in 
normal population

Parameters Left Right P

Glenoid width [mm] 26.1 ± 2.14 26.53 ± 2.32 0.08

Glenoid height [mm] 41.43 ± 2.89 42.24 ± 3.2 0.06

Height to width ratio 1.59 ± 0.13 1.60 ± 0.12 0.81

Glenoid depth [mm] 4.26 ± 0.74 4.47 ± 0.88 0.11

Area [mm2] 761.85 ± 85.27 774.55 ± 86.41 0.13

 
circle area [mm2]

526.39 ± 79.75 540.78 ± 81.31 0.06

Volume [cm3] 5.94 ± 1.43 6.18 ± 1.6 0.16

Version angle [o] –3.52 ± 3.59 –3.58 ± 3.81 0.61
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< 

Table 2. Comparison of glenoid bone anatomy between the dislocation group and the control group

The dislocation group 
(n = 131)

The control group  
(n = 131)

²/t P 

Gender, male [%] 108 108 – 1

Age 28.16 ± 10.75 28.4 ± 10.55 0.16 > 0.05

Height [cm] 171.62 ± 4.3 171.21 ± 3.6 –0.92 > 0.05

Glenoid width [mm] 25.48 ± 2.56 25.86 ± 2.41 0.99 > 0.05

Glenoid height [mm] 41.44 ± 3.2 41.06 ± 3.32 –0.81 > 0.05

Height to width ratio 1.63 ± 0.16 1.59±0.13 –2.07 0.04

Glenoid depth [mm] 3.99 ± 0.77 4.32 ± 0.72 3.09 < 0.01

Version angle [o] –2.6 ± 3.27 –3.54 ± 3.75 1.83 > 0.05

Area [mm2] 748.91 ± 103.89 748.38 ± 104.69 –0.03 > 0.05
2] 552.76 ± 93.65 497.26 ± 90.49 –4.27 < 0.01

Volume [cm3] 6.31 ± 1.32 6.16 ± 1.74 –0.73 > 0.05

Shape:

   Inverted common shape 9 11 17.29 < 0.01

   Pear shape 66 95

   Oval shape 56 25

DISCUSSION

Table 3. Logistic regression analysis of risk factors for recurrent shoulder dislocation

Parameters Odds ratio P 

Minimum Maximum

Depth 0.48 0.305 0.757 < 0.01

Height to width ratio 28.61 3.018 271.266 < 0.01

1.011 1.007 1.016 < 0.01

Shape:

   Oval shape 1 0.01

   Pear shape 0.432 0.228 0.816

   Inverted common shape 0.954 0.231 3.937
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noid was an important factor in cases of anterior 

Figure 8. Receiver operating characteristic curves showed that in-
dividuals with anterior shoulder instability had smaller glenoid depth 

area compared with the control group.
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C A S E    R E P O R T

 

Bilateral vertebral arteries entering the C4 
foramen transversarium with the left vertebral 
artery originating from the aortic arch

1Department of Pathology, Albert Einstein College of Medicine, Bronx, NY, United States 
2Department of Ophthalmology and Visual Science, Albert Einstein College of Medicine, Bronx, NY, United States 

Vertebral arteries (VAs) serve as major blood vessels to the central nervous system. 
VAs typically arise from the subclavian arteries and ascend separately within the 
transverse foramina of the cervical vertebrae (C6-C1) before entering the skull at 
the foramen magnum and joining at the base of the pons to form the basilar artery 
of the vertebrobasilar circulation. Therefore, variations in the origin and anatomic 
course of the VAs have implications for invasive medical procedures involving 
the superior thoracic/cervical regions or the cervical vertebrae. The current case 
report describes variation in the entry point of both VAs and the site of origin of 
the left vertebral artery. The variation was revealed during routine dissection of  
a 72-year-old female cadaver. It was found that the left vertebral artery originated 
directly from the aortic arch to abnormally enter the transverse foramen of C4 
instead of the transverse foramen of C6. The right vertebral artery arose as usual 
from the right subclavian artery. However, the right vertebral artery also directly 
entered the transverse foramen of C4 instead of the transverse foramen of C6. 
(Folia Morphol 2023; 82, 3: 721–725)
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Figure 1. Aortic arch and direct arterial branches. Left vertebral artery originates between left common carotid and left subclavian arteries; 
1 — trachea; 2 — left common carotid artery; 3 — brachiocephalic artery; 4 — aortic arch; 5 — left subclavian artery; 6 — left vertebral 
artery; 7 — left vagus nerve; 8 — left recurrent laryngeal nerve.

Superior

Inferior

Left lateralMedial

Figure 2. Anterior view of bisected cervical vertebral column. Right and left vertebral arteries directly enter C4 transverse foramen and con-
tinue to pass through C3-C1 transverse foramina; 1 — C2 vertebral body; 2a — C2 transverse process (right); 2b — C2 transverse process 
(left); 3 — C3 vertebral body; 4a — C3 transverse process (right); 4b — C3 transverse process (left); 5 — intervertebral disc; 6 — C4 verte-
bral body; 7a — C4 transverse process (right); 7b — C4 transverse process (left); 8 — right vertebral artery; 9 — left vertebral artery;  
10a — C5 transverse process (right); 10b — C5 transverse process (left); 11 — C5 vertebral body; 12 — C6 vertebral body.

Superior
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Anterior

Posterior

LeftRight
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 varia
tion  

 

level of C4

 

 

Figure 3. Right vertebral artery originates from right subclavian artery; 1 — right internal carotid artery; 2 — right external carotid artery; 
3 — right vagus nerve; 4 — inferior cervical sympathetic ganglion; 5 — right phrenic nerve; 6 — right vertebral artery; 7 — right subclavian 
artery; 8 — right common carotid artery; 9 — brachiocephalic artery.
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An aberrant right subclavian artery 
in a 63-year-old male cadaver 

Department of Anatomy, Jagiellonian University Medical College, Krakow, Poland

An aberrant right subclavian artery (ARSA), also called “arteria lusoria”, is described 
as a right subclavian artery (RSA) with a retro-oesophageal course that most 
frequently originates as the most distal branch of the aortic arch. The aim of the 
following study was to present and thoroughly describe a case of an ARSA, its 
course, branches, and relation to the surrounding anatomical structures and discuss 

a 63-year-old male cadaver with an abnormal variant of the RSA was found. The 
RSA branched off from the aortic arch as the most distal branch. Subsequently, 
it coursed posteriorly to the trachea and oesophagus at the level of T2 and T3. 
Abnormalities in the branching pattern of the RSA were also discovered, such as 
the right vertebral artery originating from the right common carotid artery as its 

variant of the branches of the aortic arch. The course and branching pattern of 
an aberrant subclavian artery is quite variable, and each variant can be associated 
with different possible complications. Furthermore, the ARSA is associated with 
other cardiovascular anomalies, such as the Kommerell’s diverticulum. Therefore, 
knowledge about the possible variations of this anomaly may be of great impor-
tance for physicians who encounter this variant in their practice. (Folia Morphol 
2023; 82, 3: 726–731)
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Figure 1. Scheme presenting aberrant right subclavian artery (ARSA).
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Ethical concern

programme.

Table 1. Mean results of the measurements

Diameters Mean value [mm]

Ascending aorta at its origin 30.4

Right subclavian artery at its origin 12.9

Right subclavian artery when it courses 
posteriorly to the trachea and oesophagus

9.9

Right subclavian artery where it gave off 
the costocervical trunk

8.4

Right costocervical trunk 2.1

Right thyrocervical trunk 4.4

Right common carotid artery at its origin 10.3

Right vertebral artery at its origin 3.8

Left common carotid artery at its origin 8.2

Left subclavian artery at its origin 8.3

Left vertebral artery at its origin 3.9

Left costocervical trunk 3.3

Left thyrocervical trunk 4.5Figure 2. Subclavian artery and its close anatomical area — the 
aberrant right subclavian artery from the superior view.

Figure 3. A photograph of the aberrant right subclavian artery — an inferior view. 
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CONCLUSIONS

None declared 
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Abnormal vein patterns on the feet:  
two case reports

1Department of Anatomy, Hamidiye Faculty of Medicine, University of Health Sciences, Istanbul, Turkey
2

There are many variable variants of the posterior tibial veins and these are ex-
tremely important for the venous circulation of the feet. Due to the complex 
and variable nature of the lower extremity veins, their drainage is particularly 

of important pathological conditions such as deep vein thrombosis. The plantar 

region, especially for surgeons.
In these two cases, abnormal vein patterns with rare anastomoses with their dif-
ferent drainage patterns and the fenestration were observed in the right and left 
feet and medial region of the ankle of male cadavers during the routine dissection. 
The clinical importance of this condition was particularly discussed.

should be well known anatomically. Thanks to the variations and the anastomo-
ses in our study, we aim to contribute to the studies to understand the complex 
structure of the region. (Folia Morphol 2023; 82, 3: 732–734)

thrombosis, anastomosis

INTRODUCTION
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CASE REPORT

DISCUSSION AND CONCLUSIONS

Figure 1. The medial aspect of the ankle; 1 — the vein which arises from the posterior compartment; 2 — the large vein; 3 — an anastomosis  
between them; 4 — the drainage junction, arrows — cutaneous branches.

Figure 2. The anteromedial aspect of the ankle; 1 — the anasto-
mosis between great saphenous vein (GSV) and posterior tibial 
vein (PTV); 2 — the vein that arises from the skin of the medial 
surface of the ankle; 3 — the vein that arises from the medial plan-
tar region of the foot; black asterisk — GSV, white asterisk — PTV.
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A unique variation of a four-bellied digastric 
muscle named “real quadrigastric muscle”: 
a case report and literature review

4

1  
2Department of Neurology, Tulane University School of Medicine, New Orleans, Louisiana, United States 
3  
4Department of Orthopaedics and Traumatology, University Hospital Queen Giovanna – ISUL, 

From a topographical standpoint, the digastric muscle is key to the formation of 

-
gastric muscle with two accessory bellies originating from the body and angle of 
the mandible and inserting to the intermediate tendon. Three new triangles are 
demarcated between the four bellies of the aberrant muscle. Detailed knowledge 
of variations of the digastric muscle, changing the borders and relationships of 
the topographic triangles, is paramount for radiologists and surgeons operating 
on the anterior region of the neck. (Folia Morphol 2023; 82, 3: 735–739)

INTRODUCTION
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passed anteriorly and inferiorly and inserted on to 

 

 

 

 

Figure 1. Anterolateral view of the neck. An unusual variation of the 
digastric muscle: a “real quadrigastric muscle”; A. Anterior triangle, 
bounded by the AB and the AAB; middle triangle, situated between the 
AAB and the PAB; B. Posterior triangle, demarcated by the PAB and 
the PB; C. A schematic presentation of unilateral “real quadrigastric 
muscle”; AB — anterior belly; PB — posterior belly; AAB — anterior 
accessory belly; PAB — posterior accessory belly; HB — hyoid bone; 
SG — submandibular gland; bM — base of mandible; aM — angle 
of mandible; mp — mastoid process. 
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Extensor digitorum muscle tendon to the index 
 

a cadaveric case report
,  

1Department of Anatomy, Jagiellonian University Medical College, Krakow, Poland
2Department of Anatomy, School of Medicine, National and Kapodistrian University of Athens, Greece

The forearm extensor compartment is known for its wide variability in terms of 

its dorsal aspect is the typical place of insertion of the two tendons of the exten-
sor digitorum (ED-index) and of the extensor indicis. Being acquainted with their 
anatomy is of immense importance to orthopaedic surgeons in the treatment of 
e.g., de Quervain’s syndrome.

the extensor carpi radialis brevis (ECRB). A routine dissection revealed their fused 
course from the lateral epicondyle of humerus, though separate from the extensor 
carpi radialis longus. The ED-index muscle belly separated from the ECRB, 119 mm  
distal to the lateral epicondyle. The distal insertion point of the ED-index was 
located radially to that of the extensor indicis. The deep branch of the radial 
nerve and the recurrent interosseous artery supplied the ED-index. No other 
musculotendinous variations were encountered neither on the ipsilateral nor the 
contralateral upper limb of the cadaver.
This study presents in detail a tendon of the ED-index arising from the ECRB,  
a knowledge that can be applied namely in the lateral epicondylitis treatment 
or approach to the ulnar nerve at the level of the elbow. Extensive depiction of 
both the proximal and distal attachment points of the muscles, their course and 
dimensions is indispensable to attain the best patient outcomes and avoid iatro-
genic injuries. (Folia Morphol 2023; 82, 3: 740–744)

variation

INTRODUCTION
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Figure 1. The posterior view of the left forearm and dorsum of hand.
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