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Variations in the branching pattern of tibial 
nerve in foot: a review of literature and  
relevant clinical anatomy
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Considerable variations have been reported regarding the branching pattern of 
tibial nerve (TN) close to its termination in foot. In order to comprehend the clinical 
anatomy of heel pain awareness of all the possible variations in relation to termi-
nal branching pattern of TN (close to the tarsal tunnel) is essential. The present 
study was conducted to undertake a comprehensive review of the variations in TN 
branches in foot with particular emphasis on the implications for sensory distribu-
tion of these branches. Articles were searched in major online indexed databases 
using relevant key words. The pattern of termination of TN was noted as either 
trifurcation or bifurcation. Bifurcation pattern was more commonly observed and 
is associated with the medial calcaneal nerve (MCN) either arising high or low 
relative to the tarsal tunnel. The most commonly noted type of bifurcation was 

types of bifurcation reported in literature, the termination points of TN ranged 
from 3 cm proximal to 3 cm distal to malleolar-calcaneal axis and, therefore, the 
area beyond this region can be considered as safe zone for performing invasive 
procedures. MCN showed considerable variations in its origin both in trifurcation 
and bifurcation pattern pertaining to number of branches (one/two/three) at the 
point of origin. The origin of inferior calcaneal nerve was observed to be relatively 
less variable as it mostly arose as a branch of lateral plantar nerve and sometimes 
as a direct branch from TN before termination. The frequent variation of MCN
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INTRODUCTION

TT is essential.

 

 

in the tarsal tunnel should be kept in mind while undertaking decompression 
measures in medial ankle region. (Folia Morphol 2023; 82, 2: 231–241)

calcaneal nerve, inferior calcaneal nerve

Figure 1. Lateral scheme of the ankle region showing trifurcation of 
the tibial nerve (TN) in the tarsal tunnel (TT). The horizontal dotted 
line is an imaginary line marking the beginning of the TT. The dotted 
oblique lines show the extent of the TT proximo-distally. The plane 
oblique line is the malleolar-calcaneal axis (details of the malleolar- 
-calcaneal axis [MCA] are found in the Results section); MM — 
medial malleolus; N — navicular; MPN — medial plantar nerve; 
LPN — lateral plantar nerve; MCN — medial calcaneal nerve;  
C — calcaneus.
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Figure 2. Schematic representation of types of bifurcation of tibial nerve with reference to the malleolar-calcaneal axis and tarsal tunnel (TT). 
The dotted oblique lines showing the extent of the TT proximo-distally. The plane oblique line is the malleolar-calcaneal axis (details of malle-
olar-calcaneal axis [MCA] are found in the Results section); A. Type I: the bifurcation was proximal to the axis and inside the TT; B. Type II: 
the tibial nerve (TN) bifurcated at the axis; C. Type III: the bifurcation was distal to the axis and inside the TT; D. Type IV: the bifurcation was 
proximal to the axis and outside the TT; E. Type V: the bifurcation was distal to the axis and outside the tunnel; MM — medial malleolus;  
N — navicular; MPN — medial plantar nerve; LPN — lateral plantar nerve; MCN — medial calcaneal nerve; C — calcaneus.

Figure 3. A. Illustration of branching pattern of medial plantar nerve (MPN), lateral plantar nerve (LPN), medial calcaneal nerve (MCN), and infe-
rior calcaneal nerve (ICN) in the plantar aspect of the foot; B. Sensory innervation of MPN, LPN, MCN, and ICN in the plantar aspect of the foot.

A B

A B C

D E
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Banik et al.

Zhang et al. (MRI based study)

Awadelseid

Yang et al.

Andreasen et al.

Louisia and Masquelet

Davis and Schon

Horwitz

Most common bifurcation pattern is type I. Mean
distance of bifurcation = 1.9 cm proximal to 1.2 cm

common variant pattern

n into four types

Bifurcation of tibial nerve occurred most commonly
in tarsal tunnel

in the tarsal tunnel

tibial nerve in tarsal tunnel

’s nerve) arise in close
proximity to the medial calcaneal tuberosity which

leads to the possibility of nerve entrapment

MOST RELEVENT FINDINGS

 

 

DISCUSSION

Figure 4. A timeline representation of the research history of the variations reported on branching on branching of tibial nerve (TN) in foot in  
a sequential manner based on chronology; ICN — inferior calcaneal nerve; LPN — lateral plantar nerve; MCN — medial calcaneal nerve; 
MPN — medial plantar nerve; MRI — magnetic resonance imaging.
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nerve (MPN and/or LPN) compression

Table 1. A chronological representation of the point of bifurcation of the tibial nerve in relation to the tarsal tunnel as reported in  
published literature

Author, year [reference] Type and no.  
of sample

Bifurcation proximal to 
the tarsal tunnel (%)

Bifurcation in the  
tarsal tunnel (%)

Bifurcation distal to the 
tarsal tunnel (%)

Horwitz, 1938 [34] 100 feet 4 96 –

Dellon and Mackinnon, 1984 [20] 31 feet 6 94 –

Heimkes et al., 1987 [32] 60 feet – 100 –

Havel et al., 1988 [31] 68 feet 7 93 –

Nagoaka, 1990 [61] 62 feet 15 85 –

Bareither et al., 1990 [8] 126 feet 31 69 –

Davis and Schon, 1995 [18] 20 feet 10 90 –

Louisia and Masquelet, 1999 [52] 15 feet 27 73 –

Bilge et al., 2003 [15] 50 feet – 96 4

Ndiaye et al., 2003 [62] 20 feet 10 90 –

Fernandes et al., 2006 [27] 30 feet 10 86.7 3.3

Joshi et al., 2006 [41] 112 feet – 99.9 0.89

Andreasen Struijk et al., 2010 [3] 10 feet 10 80 10

Torres and Ferreira, 2012 [73] 50 feet 12 88 –

Malar, 2016 [54] 20 feet – 100 –

Tamang et al., 2016 [71] 30 feet – 100 –

Kalpana and Komala, 2017 [42] 50 lower limbs 92 6 2

Yang et al., 2017 [78] 60 cases 18 82 –

Iborra et al., 2018 [35] 12 feet 8.3 91.7 –

Inthasan et al., 2020 [36] 40 legs 50 50 –

Banik and Guria, 2021 [7] 10 lower limbs – 100 –

Table 2. A chronological representation of the distance of bifurcation of the tibial nerve from the malleolar-calcaneal axis as reported 
in published literature

Author, year [reference] Type and no. 
of sample

Mean distance of bifurcation of tibial nerve from malleolar-calcaneal axis

Proximal to the axis At the axis Distal to the axis

 2 cm > 2 cm  2 cm > 2 cm

Havel et al., 1988 [31] 68 feet 45.5 7.3 38.2 8.8 –

Davis and Schon, 1995 [18] 20 feet 90 10 – – –

Louisia and Masquelet, 1999 [52] 15 feet 33.3 26.7 33.3 6.7 –

Andreasen et al., 2010 [3] 10 feet – 10 80 – 10

Yang et al., 2017 [78] 60 cases

Banik and Guria, 2021 [7] 20 lower limbs 55 – 30 15 –

Values are presented as percentages.
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cle. In a clinical setting, it is important to differentiate 

 

Table 3. 
in published literature

Author, year [reference] Type I Type II Type III Type IV Type V

Dellon and Mackinnon, 1984 [20] 22.58 54.84 16.13 6.45 –

Heimkes et al., 1987 [32] 100 – – – –

Havel et al., 1988 [31] 45.59 38.24 8.82 7.35 –

Louisia and Masquelet, 1999 [52] 37.7 28.6 7.1 28.6 –

Ndiaye et al., 2003 [62] – – 90 10 –

Bilge et al., 2003 [15] 84 12 – – –

Joshi et al., 2006 [41] 85.2 14.7 0.89 – –

Fernandes et al., 2006 [27] 23.34 33.33 30 10 3.33

Torres and Ferreira, 2012 [73] 52 14 22 12 –

Malar, 2016 [54] 85 10 5 – –

Tamang et al., 2016 [71] 90 10 – – –

Yang et al., 2017 [78] 70 7 – 18 –

Iborra et al., 2018 [35] 91.7 – – 8.3 –

Inthasan et al., 2020 [36] 50 – – 50 –

Banik and Guria, 2021 [7] 55 30 15 – –
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The risk of compression of the calcaneal nerves 
(MCN/ICN) and the clinical presentation of heel 

Table 4. A chronological representation of the most frequent origin and the number of branches of the calcaneal nerves (MCN and 
ICN) as reported in published literature

Author, year [reference] Most frequent pattern

MPN ICN

Origin No. of branches Origin No. of branches

Horwitz, 1938 [34] LPN – – –

Dellon and Mackinnon, 1984 [20] LPN 2 branches – –

Rondhuis and Hudson, 1986 [66] TN 1 branch – –

Didia et al., 1990 [23] TN 2 branches – –

Davis and Schon, 1995 [18] TN 2–3 branches LPN –

Havel et al., 1988 [31] TN 1 branch – –

Louisia and Masquelet, 1999 [52] TN 2 branches LPN 2 branches

Moraes Filho et al., 2000 [57] TN 1 branch – –

Fernandes et al., 2006 [27] TN 2 branches – –

Dellon et al., 2002 [21] TN 2 branches – –

Ndiaye et al., 2003 [62] TN 1 branch – –

Joshi et al., 2006 [41] TN 1–2 branches – –

Govsa et al., 2006 [30] TN 2 branches TN 1 branch

Torres and Ferreira, 2012 [73] TN 1 branch LPN 1 branch

Kim et al., 2015 [45] TN 2 branches LPN 1 branch

Sharma et al., 2015 [69] TN 2 branches – –

Malar, 2016 [54] TN 2 branches – –

Tamang et al., 2016 [71] LPN 2 branches – –

Yang et al., 2017 [78] LPN 2 branches – –

Iborra et al., 2018 [35] – – LPN –

Awadelseid, 2019 [5] TN 1 branch – –

Inthasan et al., 2020 [36] TN 3 branches LPN 1 branch

Warchol et al., 2021 [77] TN 1 branch – –

ICN — inferior calcaneal nerve; LPN — lateral plantar nerve; MPN — medial plantar nerve; TN — tibial nerve
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medial side is very relevant in terms of clinical anatomy 

 

CONCLUSIONS

None declared
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Pneumatization of the articular eminence in 
cone-beam computed tomography: prevalence 
and characteristics — literature review

1Student Research Group at the Department of Dental and Maxillofacial Radiodiagnostics,  
Medical University of Lublin, Poland
2Department of Dental and Maxillofacial Radiodiagnostics, Medical University of Lublin, Poland

Background: The articular tubercle is a site prone to pneumatization within the 
cranial bones. Knowledge of the anatomical variations of pneumatization adjacent 
to the temporomandibular joint (TMJ) is an important issue. Air cells exhibit de-
creased resistance to trauma, facilitate the spread of various pathologies in the TMJ, 

cause complications during TMJ surgery. Information of possible location allows 
to detect and conduct differential diagnosis of pneumatization of the articular 
tubercle (PAT) during cone-beam computed tomography (CBCT) examinations. The 
aim of this study is to determine the prevalence and characteristics of PAT, with 
respect to age, gender, location and type through assessment in CBCT images.
Materials and methods: Articles were selected through database search (PubMed, 
Scopus, Google Scholar), in which the main objective was to assess the prevalence 
of articular tubercle pneumatization using CBCT. Search strategies included the 
following keywords: “pneumatized articular eminence” and “CBCT”, “pneuma-
tized articular tubercle” and “CBCT” and “zygomatic air cell defect” and “CBCT”. 
A meta-analysis of prevalence using a random effects model was performed. 
Results: Fifteen studies met the selection criteria. The results showed that an 
overall prevalence of articular tubercle pneumatization was 25.22% (n = 6393; 

Conclusions: There was no correlation between the frequency, location or type 
of PAT with age and gender. (Folia Morphol 2023; 82, 2: 242–247)

INTRODUCTION
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MATERIALS AND METHODS

attempt to identify any additional references.

Data synthesis
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DISCUSSION

 

Figure 1. PRISMA diagram for the search strategy and selected 
studies; PAT — pneumatization of the articular eminence; PRGF — 
pneumatization of the roof of the glenoid fossa.

Table 1. Summary of studies included in the meta-analysis

Study Country Sample 
size

Patients, 
n

Patients 
with PAT 
present, n

Patients 
with PAT 
present, n 

Age of 
patients

Laterality Prevalence

M F M F Unilateral Bilateral

Bhalchim et al. (2018) [4] India 200 138 62 25 17 8 10–73 11 14 12.5%

Turkey 1000 489 511 147 74 73 16–77 85 62 14.7%

Khojastepour et al. (2017) [15] Iran 327 177 150 251 139 112 7–65 76 175 76.7%

Miloglu et al. (2010) [18] Turkey 514 216 298 41 16 25 4–85 31 10 8%

Turkey 111 39 72 73 20 53 17–81 31 42 65.8%

Buyuk et al. (2018) [6] Turkey 1000 423 577 391 165 226 18–86 215 176 39.1%

Ladeira et al. (2012) [17] Brazil 658 257 401 140 – – 11–85 76 64 21.3%

Mosavat and Ahmadi (2015) [19] Iran 239 111 128 51 25 26 18–81 35 16 21.3%

Shokri (2015) [22] Iran 377 183 194 59 27 32 8–73 41 18 15.6%

Shekhawat et al. (2020) [21] India 106 50 56 50 24 26 18–80 44 14 56%

Demirel et al. (2014) [10] Turkey 250 127 123 45 23 22 15–82 29 16 18%

Borahan et al. (2018) [5] Turkey 300 134 166 98 55 43 18–85 56 42 32%

ElBeshlawy (2020) [11] Egypt 210 74 136 40 20 20 5–65 20 20 19.1%

Delilbasi et al. (2013) [9] Turkey 825 377 448 21 11 10 18–91 14 7 2.54%

Adisen and Misirlioglu (2018) [2] Turkey 276 133 143 39 17 22 12–85 22 17 14.1%

F — female; M — male; PAT — pneumatization of the articular tubercle
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Treatment of PAT is not recommended. If a de

Figure 2. Forest plot of 15 prevalence studies and pooled prevalence using random effects model.

Bhalchim et al. (2018) [4]

Khojastepour et al. (2017) [15]

Miloglu et al. (2010) [18]

Ladeira et al. (2012) [17]

Demirel et al. (2014) [10]

Borahan et al. (2018) [5]

Adisen and Misirlioglu (2018) [2]

Total (random effects)

Proportion
0.0                       0.2                       0.8                       1.0
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CONCLUSIONS

location, as well as type of PAT and age and gender.
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Propofol protects rats against intra- 
-cerebroventricular streptozotocin-induced 
cognitive dysfunction and neuronal damage 

Department of Anaesthesiology, Weifang People’s Hospital, Weifang, Shandong, China

Background: Cognitive dysfunction is a severe issue of Alzheimer’s disease. Thus, 
the present study was conducted to enumerate the protective effect of propofol 
(PPL) in rats against intra-cerebroventricular streptozotocin (STZ)-induced cognitive 
dysfunction and neuronal damage. 
Materials and methods: The effect of PPL was investigated to evaluate behav-
ioural changes in STZ-induced cognitive dysfunction in Wistar rats using Object 
Recognition Task (ORT) for nonspatial, Morris Water Maze (MWM) for spatial and 
locomotor activity. The effect of PPL was also investigated on acetylcholine (ACh) 
esterase (AChE) activity and oxidative stress markers, e.g., nitrite, malonaldehyde 
(MDA), superoxide dismutase (SOD), and glutathione (GSH). The level of pro-in-

, interleukin (IL)-1 , 
and IL-6, was also studied in the PPL-treated group. The effect of PPL on the level 
of neurotransmitters, e.g., dopamine (DA), serotonin (5-HT), and norepinephrine 
(NE) and their metabolites 3,4-dihydroxyphenylacetic acid (DOPAC), 5-hydroxyin-
doleacetic acid (5-HIAA), and homovanillic acid (HVA) levels were also estimated 
in frozen hippocampal tissues by high-performance liquid chromatography. 
Histopathology analysis of neurons in the hippocampus of rats was performed 
using haematoxylin and eosin (H&E) staining. 
Results: 

-
ment in locomotor activity of rats by preserving ACh via inhibition of AChE. It also 
potentiates the expression of DA, 5-HT, and NE with a simultaneous reduction in 
the level of metabolites (DOPAC, HVA, and 5-HIAA). PPL showed a reduction of 
oxidative stress in rats by restoring the level of nitrite, SOD, MDA, and GSH near 
to normal. In the PPL-treated group, the level of TNF- , IL-1 , and IL-6 was found 
reduced in a dose-dependent manner. In histopathology analysis of neurons in the 
hippocampus of the STZ rats, PPL causes dose-dependent reduction of pyknosis 

Conclusions: -
tenuate cognitive dysfunction and neuronal damage in STZ-induced rats. (Folia 
Morphol 2023; 82, 2: 248–255)



L. Sun et al., Propofol protects rats against intra-cerebroventricular dysfunction

INTRODUCTION

 

effect against AD or not.

Experimental

Chemical

Animals

Experimental induction of cognitive dysfunction

 

 —

 —

 —
 —
 —

Object Recognition Test

Morris Water Maze test

 



Folia Morphol., 2023, Vol. 82, No. 2
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Statistical analysis 

post hoc

RESULTS
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Effect of PPL on AChE activity in rats

Figure 1. -
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Table 1. 

Group Total exploration time [s] Total exploration time [s] Discrimination 
Index (DI)FO1 FO2 Familial Novel

Control 10.66 ± 1.96 11.31 ± 2.32 4.76 15.26 0.52

9.73 ± 1.03 8.8 ± 0.98 3.97 3.99 0.0025
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and metabolites

Effect of PPL on oxidative-nitrosative stress

 

 

Table 3. 

Group Nitrite [μMol/mg prot.] MDA [nMol/mg prot.] SOD [μMol/mg prot.] GSH [μMol/mg prot.]

Control 122.41 ± 20.48 2.41 ± 0.37 8.28 ± 1.26 9.63 ± 1.59

352.26 ± 35.40 4.53 ± 0.58 3.21 ± 0.45 4.11 ± 0.73

Table 2. Effect of propofol (PPL) on the locomotor activity, acetylcholine esterase (AChE) activity, neurotransmitter level, and neuro-

Group Activity count/ 
/10 min

AChE activity 
(nmol/min/mg 

protein)

% Change in neurotransmitter level 
(ng/mg of tissue sample)

% Change in neurotransmitter metabolite 
level (ng/mg of tissue sample)

Dopamine Norepinephrine 5-HT DOPAC HVA 5-HIAA

Control 250.34 ± 23.34 110.67 ± 32.26 98.02 ± 
3.56

99.45 ±  
5.23

99.32 ± 
6.43

100.02 ± 
4.56

99.45 ± 
3.43

99.32 ±  
3.26

226.02 ± 12.32 423.12 ± 25.04 26.54 ± 
6.32

44.63 ±  
4.45

30.45 ± 
3.45

233.50 ± 
40.22

274.51 ± 
43.73

265.52 ± 
43.21

39.34 ± 50.73 ±  45.62 ± 200.45 ± 220.66 ± 211.37 ± 

47.62 ± 66.21 ±  55.45 ± 175.28 ± 175.59 ± 168.23 ± 

65.52 ± 75.03 ±  63.32 ± 148.63 ± 134.58 ± 120.45 ± 

— 5-hydroxyindoleacetic acid; HVA — homovanillic acid
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DISCUSSION

 

Table 4. 

Group TNF-  [pg/mL] IL-1  [pg/mL] IL-6 [pg/mL]

Control 185.52 ± 76.20 15.35 ± 2.34 16.45 ± 2.05

502.28 ± 136.47 233.82 ± 62.82 178.92 ± 52.37

 — tumour necrosis factor alpha; IL-1  — interleukin 1beta; 
IL-6 — interleukin 6

Figure 2. 
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CONCLUSIONS

None declared
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The spinal accessory nerve and its entry point 
into the posterior triangle of the neck

Human Anatomy Centre, Department of Physiology, Development and Neuroscience,  
University of Cambridge, United Kingdom

Background: The course of the spinal accessory nerve in the neck is long and 

posterior triangle. The majority of spinal accessory nerve injuries are iatrogenic in 

movements, drooping of the shoulder, winging of the scapula and neuropathic 
pain. Knowledge of the nerve anatomy reduces the risk of intra-operative nerve 
injury. Traditional teaching describes the point of entry into the posterior triangle 
as the intersection between the upper and middle third of the posterior border 
of sternocleidomastoid. The aim of this study was to determine whether this is 
in fact the case and if so, whether this landmark can reliably be used to identify 
the spinal accessory nerve in order to improve patient outcomes. 
Materials and methods:
in 26 cadavers. The total length of sternocleidomastoid was measured as well 
as the length along the posterior border from the inferior aspect of the mastoid 
process to the point at which the accessory nerve enters the posterior triangle 
of the neck. These measurements were used to calculate the ratio of the entry 
point of the nerve into the posterior triangle along the length of the posterior 
border of sternocleidomastoid from its superior insertion point. The mean ratio 

Results and Conclusions:
entry point of the spinal accessory nerve into the posterior triangle of the neck. We 
describe a so-called ‘safe zone’ inferior to the midpoint of the posterior border of 
sternocleidomastoid within which the spinal accessory nerve is unlikely to be found, 
thereby reducing the risk of iatrogenic injury. (Folia Morphol 2023; 82, 2: 256–260)

INTRODUCTION
 cranial nerve and 
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RESULTS

 

DISCUSSION

 

 

Table 1. Measurements taken and entry point of spinal accessory nerve (SAN) into the posterior triangle

Measurement Mean Standard deviation Range 

Length posterior border of sternocleidomastoid 210 mm 23.3 mm 171–260 mm

Length from superior insertion point sternocleidomastoid to entry point of SAN into posterior triangle 73 mm 9.6 mm 51–90 mm

Ratio of entry point SAN into posterior triangle along length of posterior border sternocleidomastoid 0.35 0.04 0.27–0.43
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CONCLUSIONS

None declared 
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The structure of the rostral epidural rete 
mirabile and caudal epidural rete mirabile  
of the domestic pig

Department of Basic and Preclinical Sciences, Institute of Veterinary Medicine,  
Nicolaus Copernicus University in Torun, Poland

Background: The rostral epidural rete mirabile in the domestic pig has been 
studied by many scientists; however, the caudal epidural rete mirabile has been 
poorly understood and is rarely mentioned in the literature in domestic pig spe-
cies. Based on the role of the rostral epidural rete mirabile in retrograde transfer 
of neurotransmitters and its localisation and structure, we hypothesize that the 
caudal rete may also play an important role in this process. 
Materials and methods: The study was conducted on 80 domestic pigs (Sus 

Results: The rostral epidural rete mirabile is an even well-developed structure 
consisting of dozens of anastomosing arterioles embedded in the cavernous 
sinus, formed by the maxillary and external ocular artery branches, which are 
extensions of the external carotid artery, and a thick branch to the rostral epidural 
rete mirabile. However, the caudal epidural rete mirabile is a structure made up 
of several interlacing arterioles consisting of the vertebral, condylar and occipital 
arteries on the caudal side, while on the rostral side it is made up of the middle 
meningeal artery branching off the inner surface of the temporal bone. 
Conclusions: The whole caudal epidural rete mirabile is embedded in the basilar 
and occipital sinuses, which led us to hypothesise that in these sinuses a retrograde 
transfer of neurotransmitters may take place analogous to the rostral epidural 
rete mirabile. (Folia Morphol 2023; 82, 2: 261–268)
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arteria 
vertebralis
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ramus me-
ningeus

arteria basillaris

sinus intercavernosus

Figure 1. Domestic pig (Sus scrofa domestica). Rostral epidural 
rete mirabile (lateral view). Dashed line — entry point to the cranial 
cavity. Corrosive preparation.

Figure 2. Domestic pig (Sus scrofa domestica). Caudal epidural 
rete mirabile — posterior side (dorsal view); 1 — vertebral artery; 
1’ — extension of vertebral artery; 2 — conydlar artery; 3 — oc-
cipital artery; 4 — caudal epidural rete mirabile. Latex preparation.



Folia Morphol., 2023, Vol. 82, No. 2

sinus interbasilaris

DISCUSSION

 

 

Figure 3. Domestic pig (Sus scrofa domestica); 1 — cavernous 
sinus; 2 — basilar sinus; 3 — occipital sinus; 4 — interbasilar 
sinus. Corrosive preparation.

Figure 4. Domestic pig (Sus scrofa domestica). Relationships of 
the arterioles of the rostral epidural rete mirabile to the cavernous 
sinus. Cross-section. Corrosive preparation.
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nerve (V

 

per and cry genes, 

Figure 5. Domestic pig (Sus scrofa domestica); 1 — rostral part of 
caudal epidural rete mirabile (excised section of the occipital sinus 
to show the rete arterioles); 2 — occipital sinus; 3 — vertebral 
artery; 4 — caudal part of caudal epidural rete mirabile. Corrosive 
preparation.
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into its correct development.

CONCLUSIONS
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The relationship between the aggrecan VNTR 
polymorphism and its content in lumbar 
intervertebral discs

4,  

1Department of Anatomy, Jagiellonian University Medical College, Krakow, Poland
2Department of Biochemistry, Jagiellonian University Medical College, Krakow, Poland
3Malopolska Centre of Biotechnology, Jagiellonian University, Krakow, Poland
4Department of Forensic Medicine, Jagiellonian University Medical College, Krakow, Poland

Background: -
ble number of tandem repeats (VNTR), which is particularly interesting in the light 
of the development of intervertebral disc pathology and associated low back pain.
Materials and methods: The nucleus pulposus specimens were harvested from 
the L5/S1 intervertebral discs. The aggrecan content was determined using en-
zyme-linked immunosorbent assay (ELISA). Moreover, the VNTR polymorphism 
in the ACAN gene was evaluated.
Results: The genotyping of VNTR polymorphism in ACAN gene was successful 
in 94 tissue samples (48 homozygotes and 46 heterozygotes). The alleles were 
divided into four groups, in accordance with the number of tandem repeats in 
the ACAN gene. No difference between groups in the mean aggrecan mass nor 
in the mean degree of tissue moisture was observed.
Conclusions: No relationship between the ACAN gene VNTR polymorphism and 
the aggrecan content was observed in studied Caucasian cadavers. Such a rela-
tionship may be a more complex phenomenon and exists in other populations. 
(Folia Morphol 2023; 82, 2: 269–273)
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ACAN

ACAN

MATERIALS AND METHODS
Sample preparation

Genetic polymorphism in ACAN

ACAN gene 



Aggrecan VNTR polymorphism

Statistical analysis

Ethics 

RESULTS 

ACAN

Figure 1. A. The histogram of allele frequencies; B. The distribution of aggrecan mass, considering the degree of moisture and allele type.
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Table 1. Mean aggrecan mass per dry tissue and mean degree of moisture by number of tandem repeats in the ACAN gene

Alleles Mean aggrecan mass per dry tissue [ng/g] (SD) P-value* Mean degree of moisture (SD) P-value*

A11–25 55.83 (6.56) 0.1515 0.73 (0.05) 0.6264

A26–27 41.60 (17.96) 0.77 (0.04)

A28–30 51.76 (38.18) 0.76 (0.04)

A31–33 35.12 (17.94) 0.75 (0.05)
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Multidetector computed tomography evaluation 
of origin, V2 segment variations  
and morphology of vertebral artery
R. Tasdemir
1Department of Anatomy, Faculty of Medicine, Gaziantep Islam Science and Technology University, Gaziantep, Turkey
2Department of Anatomy, Faculty of Medicine, Gaziantep University, Gaziantep, Turkey

Background: The current study aimed to determine the origin of vertebral artery 
(VA) on both sides and the levels of entry into respective foramen transversarium 
(FT), to evaluate possible effects of sex on the entry levels, and to investigate the 
frequency of VA dominance and VA hypoplasia based on the VA V2 segment. 
Materials and methods: For this study, archived images of patients undergoing 
multidetector computed tomography (MDCT) examination of the chest and head-
neck for various reasons at Gaziantep University Medical Faculty Hospital were 
reviewed retrospectively. Three-dimensional reconstructions were performed 
for a total of 644 VA images from 322 patients using Horos software, and VA 
origin, the level of entry to FT and transverse diameters of both VA and FT were 
measured at the point of entry.
Results: It was found that, among males, the VA originated from the truncus 
brachiocephalicus on the right side in only 1 patient and from the aortic arch in 
2 patients on the left side. Left VA emerging from the aortic arch was observed 
in 2 females. The right VA was found to enter the FT at C3 in 1 male, at C4 in  
6 patients (5 males, 1 female), at C5 in 19 patients (3 males, 16 females), and 
at C6 in 300 patients (141 males, 159 females). The left artery entered the FT at 
C5 in 23 patients (9 males, 14 females) and at C6 in 298 patients (141 males,  
157 females). Looking at the relationship between variations of VA origin and the 
levels of entry to the FT, it was observed that only one of the left VAs originating 
from the arcus aorta entered the FT at C6 and at C5 in all others. On the right 
side, there was only one VA originating from the truncus brachiocephalicus, 
which entered the FT at C3. Of the remaining 248 VAs originating from the 
subclavian artery, 5 VAs entered the FT at C4, 14 VAs at C5 and 229 VAs at C6. 
The measurements of VA diameters showed right VA hypoplasia in 14 patients 
and left VA hypoplasia in 17 patients. Also, the right VA dominance was found 
in 110 patients and the left VA dominance in 128 patients. A moderate, positive 
correlation was observed between VA and FT diameters in both sides. A regression 
analysis showed that a 1 mm change in the right VA diameter was associated with 
a 75% change in the FT diameter and a 1 mm change in the left VA diameter 
caused a 72% change in the FT diameter. 
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INTRODUCTION

MATERIALS AND METHODS

 Patient images 

 

Conclusions: An understanding of VA variations and FT morphometry is crucial for 
informed clinical practice. This will clearly affect the success rates of physicians in 
the diagnosis and treatment of pathologies involving cervical region. The presence 
of any VA variation in a patient should be investigated on computed tomography 
or magnetic resonance imaging images prior to surgery. (Folia Morphol 2023; 
82, 2: 274–281)
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Ethics approval

Statistical analysis

 

RESULTS

 

 

 

 

Figure 1. A. The green arrow shows the transverse diameter of the 
foramen transversarium, and the red arrow shows the transverse 
diameter of the vertebral artery; B. The blue arrow indicates the 
origin of the vertebral artery, the red arrow the level at which it 
enters the foramen vertebrae.

Table 1. Distribution of multidetector computed tomography 
images by age and sex 

Female Male Total

Group 1 (18–44 years) 71 44 115

Group 2 (45–64 years) 61 53 114

Group 3 (65–80 years) 35 54 89

Total 171 151 322

A B
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Table 3. Distribution of the entry levels of the vertebral artery (VA) to foramen transversarium

C3 C4 C5 C6 C7

Right VA Female – 1 16 154 –

Male 1 5 3 141 –

Left VA Female – – 14 157 –

Male – – 9 141 –

Total 1 6 42 593 –

Figure 2. A. Left vertebral artery originating from the left subclavian artery; B. Right vertebral artery originating from the right subclavian  
artery; C. Right vertebral artery originating from the aortic arch are shown.

A B C

Figure 3. The entrances of the right vertebral artery through the foramen of the 3rd cervical vertebrae (A); the right vertebral artery through the 
foramen of the 4th cervical vertebra (B); the left vertebral artery through the foramen of the 5th cervical vertebra (C); the right vertebral artery 
through the foramen of the 4th cervical vertebra, and the left vertebral artery through the 6th cervical vertebra are shown (D).

A B C D

Table 2. Distribution of the origins of vertebral artery (VA)

Right VA Left VA Total 

Female Male Female Male

Subclavian artery 130 118 119 115 482

Aortic arch – – 5 2 7

Brachiocephalic trunk – 1 – – 1

Total 130 119 124 117 490
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VA and FT diameters, a moderate, positive correlation 

 

DISCUSSION

 

Table 4. Frequencies of vertebral artery (VA) hypoplasia and 
dominance

Right VA Left VA Total 

VA hypoplasia 14 (4.35%) 17 (5.28%) 31 (9.63%)

VA dominance 42 (13%) 58 (18%) 100 (31%)

Figure 4. A, B. Left-sided hypoplasic vertebral artery from different 
patients is shown.

A B



R. Tasdemir, O.F. Cihan, Vertebral artery morphology

 cervical 
 

rd cervical 

 
 cervical 

 

 

 

 

 



Folia Morphol., 2023, Vol. 82, No. 2

CONCLUSIONS

None declared
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Variations of coronary sinus tributaries  
among patients undergoing cardiac 
resynchronisation therapy

, D. Ali ,  

1Department of Anatomy, Jagiellonian University Medical College, Krakow, Poland
2Department of Electrocardiology, Institute of Cardiology, Jagiellonian University Medical College, Krakow, Poland
3Department of Anatomical Sciences, St. George’s University, Grenada, West Indies
4Department of Anatomy, Varmia and Mazury University, Olsztyn, Poland

Background: In cardiac resynchronisation therapy (CRT), the coronary venous 
system is used for left ventricular pacing electrode placement. Despite the well- 
-known anatomy of the coronary sinus and its tributaries, heart failure patients’ 
remodelled and enlarged left ventricles may impede the successful lead placement 
because of acquired anatomical obstacles.
Materials and methods: 
divided into ischaemic and non-ischaemic cardiomyopathy. Forty-four control 
groups without heart failure underwent dual-source computed tomography (CT). 
Rendered reconstructions of cardiac coronary systems were compared.
Results: The presence of main tributaries was comparable in all groups. The 
left marginal vein, small cardiac vein, and oblique vein of the left atrium were 
present in 63%, 60%, and 51% of the hearts in all the groups. CRT referred CTs 

the left ventricle (p < 0.05), wider angles of tributaries (p = 0.03), and smaller 
lumen of coronary sinus (p = 0.03). In the non-ischaemic group, the posterior 
interventricular and great cardiac veins are more extensive than in the control 
group. Age-related analysis of vessel size shows a moderate correlation between 
age and diminishing mean vessel size in all the groups studied.
Conclusions: The general structure of the coronary heart system is consistent 
in patients with and without heart failure. The variance of the general structure, 
or the presence of adequate veins, is an individual variation. The use of CT and 
analysis of the coronary veins allow better planning of the CRT-D implantation 
procedure and may reduce the risk of ineffective left ventricular electrode implan-
tation. (Folia Morphol 2023; 82, 2: 282–290)
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verapamil was administered, according to medical 

 

 

 

Anatomic observation

Statistical analysis

 tests of proportions for categorical 

Table 1. Characteristics of the study population

Ischaemic-HF (n = 29) Non-ischaemic-HF (n = 26) Non-HF (n = 44)

Sex: female 3 (10.3%) 9 (34.6%) 24 (54.5%)

Age (± SD) [year] 66.23 ± 10.72 (35–82) 62.2 ± 12.97 (31–81) 61.9 ± 13.7 (20–91)

Ejection fraction [%] 24.55 ± 6.47 (35–10) 24.88 ± 7.14 (35–15) 54.2 ± 9.1 (44–72)

NYHA II–III II–III I 

QRS duration [ms] 140 ± 23 (120–160) 146 ± 36 (124–174) 91 ± 15 (80–110)

Hypertension 25 (86.2%) 18 (69.2%) 36 (81%)

Diabetes type 2 12 (41.4%) 6 (23.1%) 12 (27%)

Hypercholesterolaemia 28 (96.5%) 13 (50%) 26 (59%)

Chest pain 18 (62.1%) 10 (38.5%) 30 (68%)

Dyspnoea 24 (82.8%) 19 (73.1%) 30 (68%)

10 (34.5%) 7 (26.9%) 24 (54.5%)

Atrio-ventricular block 3 (10.3%) 4 (15.4%) 0 (0%)

HF — heart failure; NYHA — New York Heart Association; SD — standard deviation
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RESULTS
 

servations.

 

Figure 1. Coronary veins anatomy (A) and quantitative analysis of distance from coronary sinus (CS) ostium (B), diameter (C), angle (D) of 
insertion using multiplanar and volume rendered technique reconstructions; PVLV — posterior vein of the left ventricle; PIV — posterior  
interventricular vein.

A B

C D
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Table 2. Anatomic observations. Quantitative analysis of coronary sinus anatomy and its tributaries 

Ischaemic-HF (n = 29) Non-ischaemic-HF (n = 26) Non-HF (n = 44)

Coronary sinus:

17 (58.6%) 4 (15.4%) 12 (27.3%)

10 (34.5%) 19 (73.1%) 27 (61.4%)

2 (6.9%) 3 (11.5%) 5 (11.4%)

Small cardiac vein 15 (51.7%) 19 (73.1%) 25 (56.8%)

Posterior interventricular vein:

Posterior vein of left ventricle S: 4 (14%)
M: 25 (86%)

S: 3 (12%)
M: 23 (88%)

S: 8 (18%)
M: 36 (82%)

Left marginal vein 21 (72.4%) 15 (57.7%) 26 (59.1%)

Vein of Marshall 4 (13.8%) 5 (19.2%) 12 (27.3%)

Vieussens valve 6 (20.1%) 4 (15.4%) 8 (18.2%)

Anterior interventricular vein 29 (100%) 26 (100%) 44 (100%)

Figure 2. Schematic picture of differences between non-HF (blue) group (A) and ischaemic-HF (red) group (B) and non-ischaemic-HF (C); 
 

CS — coronary sinus; HF — heart failure; LMV — left marginal vein; LoM — ligament of Marshall; PIV — posterior interventricular vein; 
PVLV — posterior vein of left ventricle; SCV — small cardiac vein; TV — tricuspid valve; VoM — vein of Marshall; VV — Vieussens valve.

A

B C

Non-HF

Ischaemic-HF Non-ischaemic-HF

I II III
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 test was 

DISCUSSION

Figure 3. Rendered reconstructions of coronary sinus (CS) with tributaries; A, B. In ischaemic heart failure; C, D. In non-ischaemic heart fail-
ure; GCV — great cardiac vein; LA — left atrium; LMV — left marginal vein; PIV — posterior interventricular vein; PVLV — posterior vein of 
left ventricle; SCV — small cardiac vein.

A B

C D
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Table 3. Anatomic observations. Qualitative analysis of diameters, distances and angles of coronary sinus and its tributaries

Ischaemic-HF (n = 29) Non-ischaemic-HF (n = 26) Non-HF (n = 44) 

9.26 ± 4.02 9.8 ± 4.25 11 ± 4.3

16.24 ± 6 18.36 ± 7.74

SCV diameter [mm] 1.37 ± 0.65 2.19 ± 1.3 1.5 ± 0.75

PIV diameter [mm] 3.9 ± 1.78

PVLV diameter [mm] 3.35 ± 1.17 3.15 ± 1.17 3.1 ± 1.46

LMV diameter [mm] 2.3 ± 1.04 2.62 ± 1.04 2.72 ± 1.27

GCV diameter [mm] 7.84 ± 2.49

AIV diameter [mm] 2.86 ± 1.45 3.17 ± 0.98

CS ostium PIV distance [mm] 4.21 ± 2.68 3.12 ± 2.46 3.25 ± 3.32

PIV–PVLV distance [mm] 24.33 ± 10.43 27.4 ± 15.75 28.32 ± 15.31

PVLV–LMV distance [mm] 35.67 ± 13.53

PIV angle [°] 98.4 ± 22.94

PVLV angle [°] 54.56 ± 22.87 50.82 ± 26.94

LMV angle [°] 62 ± 33.54 50.25 ± 20.14 55.39 ± 37.92

cardiac vein; HF — heart failure; LMV — left marginal vein; PIV — posterior interventricular vein; PVLV — posterior vein of the left ventricle; SCV — short cardiac vein
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CONCLUSIONS
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Topographical anatomy of the left ventricular 
summit: implications for invasive procedures 

,  

1Department of Anatomy, Jagiellonian University Medical College, Krakow, Poland
2Department of Electrocardiology, Institute of Cardiology, John Paul II Hospital,  
Jagiellonian University Medical College, Krakow, Poland
3Department of Radiology and Diagnostic Imaging, John Paul II Hospital, Krakow, Poland
4HEART — Heart Embryology and Anatomy Research Team, Department of Anatomy,  
Jagiellonian University Medical College, Krakow, Poland
5Division of Cardiovascular Sciences, The University of Manchester, United Kingdom

Background:

Materials and methods: The macroscopic morphology of the LVS has been as-
sessed in 80 autopsied and 48 angio-computed tomography (CT) human hearts. 
According to Yamada’s equation, the size was calculated based on the distance 

Results: The size of the LVS varies from 33.69 to 792.2 mm2, is highly variable, 
and does not correlate with body mass index, sex, or age in general. The mean 
size of the LVS was 287.38 ± 144.95 mm2 in autopsied and angio-CT (p = 0.44). 
LVS is mostly disproportionately bisected by cardiac coronary veins to superior-in-
accessible and inferior-accessible areas. The superior aspect dominates over the 
inferior in both groups (p = 0.04). The relation between superior and inferior 
groups determines three possible arrangements: the most common type is su-

distribution (17.2%). In 10.9%, the inferior aspect is absent. Only 16.4% of the 
LVS were empty, without additional trespassing coronary arteries.
Conclusions:
correlation to any variable. The size depends on the anatomy of the most prominent 
septal perforator artery. The superior, inaccessible aspect dominates, and the LVS 
is seldom free from additional coronary vessels, thus making this region hazardous 
for electrophysiological procedures. (Folia Morphol 2023; 82, 2: 291–299)

arrhythmias

INTRODUCTION
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MATERIALS AND METHODS

Figure 1. Left ventricular summit (LVS) — views from the lateral and superior aspects; A. Computed tomography (CT) rendered image show-
ing the LVS region without overlapping left atrial appendage (LAA); B. Rendered CT image of the LVS region covered by LAA; C. Schematic 
picture of presented structures; red asterisks indicate the point of left coronary artery (LCA) bifurcation with arms of the angle; S — superior 
area of the LVS; I — inferior area; D. -

A B

C D
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, 

. Only 

Cadaveric dissections

 

 

Figure 2. A. Superior aspect dominance (S>I); B. Equipoise between 
C. D, E. Cadaveric hearts studies complementary to panels A and B;  

F. Angio-computed tomography rendered image with compliance to panel C; GCV — great cardiac vein; I — inferior area; LAA — left atrium 
 

A B C

D E F



Folia Morphol., 2023, Vol. 82, No. 2

well as sagittal, coronal, and transverse presentations. 

Statistical analysis

variance. A 

RESULTS
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Table 2. 

Parameter Combined data Female (n = 40) Male (n = 88) P-value 

LVS from formula [mm2] 
(min–max)

287.38 ± 144.95 244.71 ± 119.92 293.68 ± 152.3 0.05

LVS superior aspect [mm2] 
(min–max)

145.62 ± 84.35 127.8 ± 67.16 153.71 ± 89.78 0.07

LVS inferior aspect [mm2] 
(min–max)

121.69 ± 94.38
 

with no inferior aspect)

81.58 ± 55.61
 

with no inferior aspect)

138.53 ± 101.57 
 

with no inferior aspect) 0.3

LVS distribution — superior 0.3
0.17
0.8

16.4% 27.5% 11.4%
0.02

LVS to LAA distance [mm] 5.45 ± 2.51 5.92 ± 2.6 5.11 ± 2.04 0.05

Table 1  

Parameter [number form Fig. 1C] Combined data Cadaveric (n = 80) Angio-CT (n = 48) P-value 

LCA ostium bifurcation [mm] 
(min–max)

9.59 ± 4.14  
(1.61–21.6)

9.02 ± 4.04  
(1.61–21.6) 

10.54 ± 4.18  
(3–21)

0.05

LAD bifurcation – SP [mm] 
(min–max)

18.92 ± 5.19  
(7.25–33.08)

18.2 ± 5.55  
(7.25–33.08) 

20.06 ± 4.47  
(10–28)

0.05

Angle of LCA bifurcation [o]  
(min–max)

85.46 ± 15.94  
(48–125)

87.41 ± 13.61  
(55–124)

82.21± 18.91  
(48–125)

0.09

LVS from formula [mm2]  
(min–max)

287.38 ± 144.95  
(33.69–792.2)

270.46 ± 160.21  
(33.69–792.2)

291.58 ± 115.5  
(91.58–556.04)

0.44

LVS superior aspect [mm2] 
(min–max)

145.62 ± 84.35  
(6.74–429.12)

152.92 ± 90.19  
(6.74–429.12)

133.42 ± 72.89  
(39.11–322.8)

0.18

LVS inferior aspect [mm2] 
(min–max)

121.69 ± 94.38 (8.96–431.13) 
 

with no inferior aspect)

127.07 ± 106.98 (19.29–431.13) 
 

with no inferior aspect)

112.01 ± 65.72 (8.96–253.78) 
 

with no inferior aspect)

0.20

LVS distribution — superior  
[48.8%]

[34.1%]

0.69

0.43

0.68

Coronary vessels trespassing 
through LVS
Parity of distribution
[n] — number of coronary 

RI [30]
Dx1 [58]
Dx2 [9]

Mg1 [53]
Mg2 [3]

RI [16] 
Dx1 [44]
Dx2 [6] 

Mg1 [33]
Mg2 [3]

RI [14] 
Dx1 [14]
Dx2 [3] 

Mg1 [20] 
Mg2 [0]

0.23
0.03

0.96

0.22
0.59
0.51

16.4% 11.25% 25%
0.04

Type of LAA overlapping LVS C: 44 (33.4%)
CW: 41 (32%)
AH: 43 (33.6%)

C: 28 (35%)
CW: 23 (28.7%)
AH: 29 (26.3%)

C: 16 (33.3%)
CW: 18 (47.5%)
AH: 14 (29.2%)

0.85
0.3
0.41

LVS to LAA distance [mm] 
(min–max) 

5.45 ± 2.51
(1.5–12.2)

6.3 ± 2.55
(2.8–12.2)

5.14 ± 2.47
(1.5–10)

0.04

-

appendage; LCA — left coronary artery; LAD — left anterior descending; SP — septal perforator; RI — ramus intermedius
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coronary artery. 

 

 

from cadaveric dissections are not statistically dif
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system intersects coronary vessels more often deeply 
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greater.
 

 

 

Figure 3. A. Angio-computed tomography rendered image with suggested approach to the certain left ventricular summit (LVS) regions, fol-
low the description in the text; B.

A B
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Congenital venous anomalies associated  
with retrocaval ureter: evaluation using 
computed tomography

4,  

1Department of Radiology, Tokai University School of Medicine, Isehara-si, Japan
2Department of Radiology, Ebina General Hospital, Ebina, Japan
3Department of Radiology, Hirastuka City Hospital, Kanagawa, Japan
4Department of Radiology, Chiba University, Chiba, Japan
5Department of Radiology, Fujisawa City Hospital, Kanagawa, Japan
6Department of Radiology, Tokai University Hachioji Hospital, Tokyo, Japan
7Department of Anatomy, Tokai University School of Medicine, Kanagawa, Japan

Background: Retrocaval ureter is a rare congenital anomaly resulting from 
anomalous development of inferior vena cava (IVC) and not from anomalous of 
the ureter. The anomaly always occurs on the right side due to regression of right 
supracardinal vein and persistence of right posterior cardinal vein. Retrocaval 
ureter tends to be associated with various vena cava anomalies because of the 
embryogenesis. We aimed to identify the prevalence of associated congenital 
venous anomalies (CVA) resulting from cardinal vein development in adults with 
retrocaval ureter using computed tomography (CT) images. 
Materials and methods: The study included 22 adults with retrocaval ureter. We 

slice data sets from CT scanner with 64 or more detectors. We compared the 
prevalence of CVA in the retrocaval ureter group (mean age: 57 ± 19 years) and 
in the control group of 6189 adults with normal ureter (mean age: 66 ± 14 years). 
Results: In the retrocaval ureter group, 4 (18.2%) adults had CVA including dou-
ble IVC, right double IVC, preisthmic IVC with horseshoe kidney, and preaortic 

right IVC. In the control group, 49 (0.79%) adults had CVA including 37 double 
IVC, 11 left IVC, and 1 IVC interruption azygos continuation. Fifteen horseshow 
kidneys were found. The prevalence of associated CVA in the retrocaval ureter 
group was higher than that in the control group (p < 0.001). 
Conclusions: Retrocaval ureter is frequently associated with CVA. Various CVA 
with retrocaval ureter could happen because of abnormal development of not 
only the right posterior or supra cardinal vein but also other cardinal veins. (Folia 
Morphol 2023; 82, 2: 300–306)
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INTRODUCTION

 

 

From a clinical standpoint, many cases of retrocaval 

MATERIALS AND METHODS

nal vein development and congenital renal anomaly 
 

 
 

Figure 1. Flow chart shows inclusion and exclusion criteria in the 
control group; CT — computed tomography.

:6189 adults
3382 males
2807 females

Retrocaval ureter group
22 adults
18 males, 4 females

Control group

13300 adults with thin slice data who 
underwent contrast enhanced-CT 
between June and November 2020

Inclusion criterion: 
From chest to abdominal CT

6301 adults

Exclusion criteria: 
(1) Poor study 
(2) Nephrectomy 
(3) Double pelvis and/or ureter
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RESULTS

 
 
 

 

 

Figure 2. A case of preisthmic inferior vena cava (IVC); A. Axial 
computed tomography image shows preisthmic IVC (white  
arrow) of horseshoe kidney and retrocaval ureter (black arrow);  
B. Computed tomography urography shows compression of the 
right retrocaval ureter (white arrow).

A

B
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DISCUSSION

Figure 3. A case of right double inferior vena cava; A. Axial com-
puted tomography image shows ureter (white arrow) between 
right sided dorsal (black arrow) and ventral (arrowhead) vena ca-
vae; B. Volume rendering image clearly reveals relationship among 
dorsal (black arrow) and ventral (arrowhead) vena cavae and retro-
caval ureter (white arrow). Dotted arrow is left gonadal vein.

A

B

Figure 4. A. Axial computed 
tomography image shows retrocaval ureter (black arrow) at lower 
level of right kidney; B. Axial computed tomography image shows 
left common iliac vein (white arrow) anterior to right common iliac 
artery.

B

A
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Table 1. 

No. Age Sex Cr

Side of RCU Type of RCU Hydronephrosis ARD CRA CVA

1 60 M 0.7 Right Low N N N N

2 24 M 0.8 Right Low N Renal cyst N N

3 25 M 1.2 Right Low P Renal cysts N N

4 79 M 0.8 Right High N Urolithiasis N N

5 38 M 1.1 Right Low N N N N

6 40 M 0.8 Right High N N N N

7 46 F 0.6 Right High N N HSK PIVC

8 46 M 0.8 Right High N N N DRIVC, PIC

9 71 M 0.8 Right High N Renal cyst N PIC

10 70 F 0.8 Right High N N N DIVC

11 50 M 0.7 Right Low P N N N

12 55 M 0.9 Right Low N Ureteral cancer N N

13 23 M 0.5 Right Low N Urolithiasis N N

14 77 M 0.9 Right Low N N N N

15 54 M 0.8 Right Low N N N N

16 62 M 0.8 Right Low P N N N

17 79 M 0.9 Right High N N N N

18 73 M 0.8 Right Low P N N N

19 60 F 0.8 Right Low P N N N

20 74 M 0.6 Right Low P N N N

21 76 M 1.41 Right Low P N N N

22 77 F 0.65 Right High N Urolithiasis N N

Cr — creatinine; CT — computed tomography; RCU — retrocaval ureter; ARD — acquired renal disease; CRA — congenital renal anomaly; CVA — congenital venous anomaly;  

N — negative; P — positive
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centre of the parietal bone in the human fetus

Department of Normal Anatomy, the Ludwik Rydygier Collegium Medicum in Bydgoszcz,  
the Nicolaus Copernicus University in Torun, Poland

Background: Detailed morphometric data concentrating on the development of 

developmental defects. Thus, an understanding of the growth and development 
of the parietal bone is crucial in assessing both the normal and pathological 
development of the calvaria. 
Materials and methods:  
37 spontaneously aborted human fetuses of both sexes (16 males and 21 females) 

analysis and statistics.
Results:
fetus displays neither sex nor laterality differences. With relation to fetal age in 

to the quadratic function: y = 16.322 + 0.0347 × (age)2 ± 1.323 (R2 = 0.96), in 
projection surface area according to the cubic function: y = 284.1895 + 0.051 ×  
× (age)3 ± 0.490, while in both coronal diameter and volume according to the 
quartic functions: y = 21.746 + 0.000025 × (age)4 ± 1.256 and y = 296.984 +  
+ 0.001 × (age)4, respectively. 
Conclusions: -

the estimation of gestational ages and be useful in the diagnostics of congenital 
cranial defects. (Folia Morphol 2023; 82, 2: 307–314)

development

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

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

Sex

Mean SD Minimum Maximum Men Women

18 133.33 5.77 130.00 140.00 3 1 2

19 146.50 2.89 143.00 150.00 4 2 2

20 161.00 2.71 159.00 165.00 4 2 2

21 173.67 2.31 171.00 175.00 3 2 1

22 184.67 1.53 183.00 186.00 3 1 2

23 198.67 2.89 197.00 202.00 3 1 2

24 208.00 3.56 205.00 213.00 4 1 3

25 214.00 214.00 214.00 1 0 1

26 229.00 5.66 225.00 233.00 2 1 1

27 240.33 1.15 239.00 241.00 3 3 0

28 249.50 0.71 249.00 250.00 2 0 2

29 253.00 0.00 253.00 253.00 2 0 2

30 262.67 0.58 262.00 263.00 3 2 1

Total 37 16 21

SD — standard deviation

Figure 1. A male human fetus aged 20 weeks in the sagittal projection (A), its skeletal reconstruction in the sagittal projection (B), three- 
C

Figure 2. 
centre; 1 — coronal diameter; 2 — sagittal diameter; 3 — projec-
tion surface area.

A B C
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of determination (R

 

RESULTS 

 

Table 2. 
inter-observer recurrence

Parameter ICC 

Right coronal diameter 

Left coronal diameter

Right sagittal diameter 

Left sagittal diameter 

Left projection surface area 

Right projection surface area 

Right volume 

Left volume 

Table 3.  
human fetuses

Gestational 
age [weeks]

Number of 
fetuses Coronal diameter [mm] Sagittal diameter [mm] Projection surface area [mm2] Volume [mm3]

Mean SD Mean SD Mean SD Mean SD

18 3 24.60 0.03 28.86 0.05 631.87 1.40 429.67 1.11

19 4 25.40 0.37 29.61 0.34 669.30 17.43 455.15 11.88

20 4 26.10 0.18 30.08 0.07 707.76 15.09 487.58 7.59

21 3 26.51 0.02 30.32 0.12 736.30 9.85 521.34 2.46

22 3 26.67 0.10 31.15 0.57 774.79 20.49 523.27 16.08

23 3 27.00 0.10 33.48 1.26 808.87 7.90 570.68 40.87

24 4 28.08 0.62 35.50 0.39 877.22 28.74 640.37 20.98

25 1 29.10 36.40 932.13 680.46

26 2 31.45 0.07 38.75 0.07 1048.07 4.27 765.09 3.12

27 3 34.17 0.38 41.47 0.38 1218.51 24.69 865.14 17.53

28 2 38.35 0.21 45.65 0.21 1505.60 15.32 1068.98 10.88

29 2 39.45 0.92 46.65 0.78 1586.45 48.15 1123.93 44.92

30 3 41.97 0.38 47.77 0.35 1721.56 23.30 1224.06 19.51

SD — standard deviation



M. Grzonkowska et al., 

 
4

 

 

 
 

,  

 
(R

 
 and  

 on 
 

4

DISCUSSION

 

 

 
 
 

Table 4.  
human fetuses

Gestational 
age [weeks]

Number of 
fetuses Coronal diameter [mm] Sagittal diameter [mm] Projection surface area [mm2] Volume [mm3]

Mean SD Mean SD Mean SD Mean SD

18 3 25.51 0.01 29.28 0.19 664.68 4.23 451.98 2.88

19 4 26.03 0.41 29.90 0.34 692.59 18.43 470.96 12.53

20 4 26.90 0.17 30.37 0.08 743.36 6.63 524.17 25.62

21 3 27.35 0.12 30.63 0.12 765.16 10.00 550.92 7.20

22 3 27.52 0.09 31.46 0.57 796.55 16.93 549.04 30.35

23 3 27.80 0.12 33.79 1.26 864.49 35.66 561.92 23.18

24 4 28.61 0.65 35.75 0.32 956.52 36.01 621.74 23.41

25 1 29.51 36.24 1005.28 653.43

26 2 31.17 1.64 37.89 1.63 1060.94 34.68 689.61 22.54

27 3 34.06 1.42 40.77 1.42 1195.58 80.10 760.49 44.17

28 2 37.33 2.55 44.04 2.55 1416.64 78.14 934.98 47.57

29 2 39.58 0.21 46.29 0.21 1575.68 15.67 1118.73 11.12

30 3 42.13 0.95 47.81 0.31 1732.25 48.35 1229.90 34.33

SD — standard deviation
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Figure 3. Regression lines for coronal diameter (A), sagittal diameter (B), projection surface area (C), and volume (D) of the parietal primary 
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canal derived from Malaysian population
,  

4

1Department of Oral and Maxillofacial Clinical Sciences, Faculty of Dentistry, University of Malaya, Kuala Lumpur, Malaysia
2Faculty of Dentistry, MAHSA University, Jln SP 2, Bandar Saujana Putra, Jenjarum, Selangor, Malaysia
3Centre of Studies for Restorative Dentistry, Faculty of Dentistry, Universiti Teknologi MARA, Sg Buloh, Malaysia
4Department of Research and Forensic Odontology, Shifa College of Dentistry, Shifa Tameer-e-Millat University,  
Islamabad, Pakistan
5Department of Restorative Dentistry, Faculty of Dentistry, University of Malaya, Kuala Lumpur, Malaysia

Background: The purpose of this study was to identify and classify the anatomic 
variation of mandibular canal among Malaysians of three ethnicities.
Materials and methods: The courses of the mandibular canal in 202 cone-beam 
computed tomography scanned images of healthy Malaysians were evaluated, 

diameter and length of canals were also measured, and their shape determined. 
Results:
hemi-mandibles. There were 10 obvious categories out the 12 types of TMCs 
listed. All TMCs (except one) were observed in patients older than 30 years. The 
prevalence according to ethnicity was 6 in Malays, 5 in Chinese and 1 in Indian. 
Four (33.3%) patients had bilateral TMCs, which was not seen in the Indian sub-
ject. More than half (56.3%) of the accessory canals were located above the main 

and second accessory canal, and the corresponding lengths were 20.42 mm and 
21.60 mm, respectively. Most (62.5%) canals had irregularly shaped lumen; there 

branch. None of the second accessory canal was oval (in shape). 
Conclusions:
branching pattern, length and shape of TMCs for better clinical description. (Folia 
Morphol 2023; 82, 2: 315–324)
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TM 

 

TM software as it allows one to meas

 was 

Mean difference = 
Result 1 – Result 2

(Result 1 + Result 2)/2
× 100%

Statistical analysis

programme. Descriptions of parameters were reported 

Table 1. 

Type Description

1A Retromolar canal ending in bone

1B Retromolar canal ending in foramen

2A Dental canal originating from one mandibular foramen

2B Dental canal originating from multiple mandibular foramina

2C Dental canal originating from the mandibular canal in the ramus

2D Dental canal originating from the mandibular canal in the body

3A Forward canal originating from one mandibular foramen

3B Forward canal originating from multiple mandibular foramina

3C Forward canal originating from the mandibular canal  
and ending in bone

3D Forward canal originating from the mandibular canal  
and ending in foramina

4A Buccolingual canal ending in bone

4B Buccolingual canal ending in multiple foramina

Figure 1. 

1A 1B

2A 2B

2C 2D
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Prevalence of TMC

Figure 2. 

3A 3B

3C 3D
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Types of TMCs 

 

 

Table 2.  

Number (%)

1st Accessory 
canal

2nd Accessory 
canal

Total

Type 1A 2 (12.5%) 2 (12.5%) 4 (12.5%)

Type 1B 8 (50%) 2 (12.5%) 10 (31.25%)

Type 2A – 4 (25%) 4 (12.5%)

Type 2B 1 (6.25%) 3 (18.75%) 4 (12.5%)

Type 2C 2 (12.5%) 3 (18.75%) 5 (15.6%)

Type 2D – – –

Type 3A – 1 (6.25%) 1 (3.12%)

Type 3B 1 (6.25%) – 1 (3.12%)

Type 3C – 1 (6.25%) 1 (3.12%)

Type 3D 1 (6.25%) – 1 (3.12%)

Type 4A – – –

Type 4B 1 (6.25%) – 1 (3.12%)

Total 16 (100%) 16 (100%) 32 (100%)

Figure 3. 
canal (black arrow). Coronal view (A) and panoramic view (B) of 
cone-beam computed tomography image improved with SimPlant.

Figure 4. -
jects of both genders.

BA
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Morphometrics of TMC

Diameter of the TMC 

 

 
 

Shape of the lumen of the TMC 

Length of the TMC

Table 3. 
the main MC

Location Number (%)

1st Accessory 
canal

2nd Accessory 
canal

Above main MC 14 (87.5%) 4 (25%)

Same level with MC 1 (6.25%) –

Below main MC 1 (6.25%) 12 (75%)

Total 16 (100%) 16 (100%)

Figure 5. The distribution of four different types of accessory branch 
according to three different locations; MC — mandibular canal.

Co
un

t

0.0

2.5

5.0

7.5

10.0

12.5

Type 1 Type 2 Type 3 Type 4
Ethnicity

Location
Above MC
Same MC
Below MC
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DISCUSSION

 

Table 4. The diameter of the main and accessory mandibular canals in the three ethnicities

Ethnic/Gender Diameter of anatomy structures [mm]

Accessory canal 1 Accessory canal 2 Both accessory canals Main mandibular canal

Malay

Male 1.48 ± 0.27 mm 1.20 ± 0.18 mm 1.34 ± 0.36 mm 2.45 ± 0.37 mm

Female 1.09 ± 0.18 mm 1.43 ± 0.41 mm 1.26 ± 0.26 mm 2.52 ± 0.45 mm

Both 1.33 ± 0.31 mm 1.29 ± 0.21 mm 1.31 ± 0.25 mm 2.48 ± 0.37 mm

Chinese

Male 1.45 mm 1.45 mm 1.45 mm 2.60 mm

Female 1.26 ± 0.20 mm 1.23 ± 0.30 mm 1.25 ± 0.24 mm 2.31 ± 0.47 mm

Both 1.29 ± 0.19 mm 1.26 ± 0.28 mm 1.28 ± 0.23 mm 2.35 ± 0.44 mm

Indian

Female 1.42 mm 1.06 mm 1.24 mm 2.19 mm

Table 5. The length of the main and accessory mandibular canals in the three ethnicities

Ethnic/Gender Diameter of anatomy structures [mm]

Accessory canal 1 Accessory canal 2 Both accessory canals

Malay

Male 23.51 ± 13.98 mm 13.61 ± 8.47 mm 18.56 ± 12.08 mm

Female 12.34 ± 1.59 mm 15.79 ± 10.58 mm 14.06 ± 7.02 mm

Both 19.32 ± 12.07 mm 14.43 ± 8.61 mm 16.87 ± 10.44 mm

Chinese

Male 50.00 mm 50.00 mm 27.50 ± 31.82 mm

Female 14.09 ± 5.18 mm 35.05 ± 16.45 mm 24.57 ± 15.97 mm

Both 19.22 ± 14.37 mm 30.76 ± 18.83 mm 24.99 ± 17.17 mm

Indian

Female 37.68 mm 14.79 mm 26.24 mm
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of the glenoid cavity using three-dimensional 
reconstruction in a Chinese population

1Department of Orthopaedics, Chinese and Western Medicine Hospital of Yibing, Yibing, China
2School of Clinical Medicine, Southwest Medical University, Luzhou, China
3

Luzhou, China
4  
Medical University, Luzhou, China
5Expert Workstation in Luzhou, Luzhou, China
6

Medical 3D Printing Application Transformation Engineering Technology Research Centre, Luzhou, China

Background: The purpose of this study was to examine the various shapes and 
record the morphometric data of the glenoid cavity in a Chinese population.
Materials and methods: A total of 501 scapulae, 247 left and 254 right, were 

type II (oval-shaped), type III (teardrop-shaped), type IV (calabash-shaped) or 

glenoid diameter (AB), upper anterior-posterior glenoid diameter (CD), lower 
anterior-posterior glenoid diameter (EF) and glenoid index (GI), were measured, 

Results: The mean AB, CD, EF and GI values of the glenoid were 3.51 ± 0.41 cm,  
1.95 ± 0.28 cm, 2.60 ± 0.34 cm, and 1.35 ± 0.12 cm, respectively. The AB 

III glenoid cavities (p < 0.05), but the GI value of type II glenoid cavities was 
larger than that of type III cavities (p < 0.05). The CD value showed a difference 
between type I and type III glenoid cavities (p < 0.05). For the EF parameter, the 

 
glenoid cavities (p < 0.05). 
Conclusions: Measuring and observing the variety of shapes and sizes of the 
glenoid cavity in Chinese people is conducive to for better understand its morpholo-
gical features. This information can also guide surgeons in the design and selection 
of suitable prostheses for total shoulder arthroplasty in the Chinese population in 
order to reduce postoperative complications. (Folia Morphol 2023; 82, 2: 325–331)
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Statistical analysis

Figure 1. Schematic diagram showing diameters of the glenoid 
cavity. AB — represents the superior-inferior glenoid diameter;  
CD — represents the upper anterior-posterior glenoid diameter;  
EF — represents the lower anterior-posterior glenoid diameter.
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Figure 2. A. Type I is pear shaped; B. Type II means is oval shaped; C. Type III is teardrop shaped; D. Type IV 
is calabash shaped; E. Type V is inverted comma shaped.
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DISCUSSION

glenoid cavity.

Table 2. Mean values of the glenoid diameters (mean ± standard deviation)

Parameters AB [cm] CD [cm] EF [cm] GI [cm]

Side Right 3.53 ± 0.39 1.99 ± 0.28a 2.62 ± 0.33 1.35 ± 0.11

Left 3.49 ± 0.43 1.91 ± 0.28 2.58 ± 0.34 1.36 ± 0.12

P 0.298 0.001 0.25 0.772

Gender Male 3.71 ± 0.38b 2.06 ± 0.26b 2.76 ± 0.31b 1.35 ± 0.12

Female 3.25 ± 0.28 1.81 ± 0.23 2.40 ± 0.25 1.36 ± 0.11

P 0.000 0.000 0.000 0.270

Type I 3.52 ± 0.40c 1.92 ± 0.29d 2.61 ± 0.33cd 1.36 ± 0.40

Type II 3.40 ± 0.45 1.96 ± 0.30 2.50 ± 0.38 1.37 ± 0.12

Type III 3.60 ± 0.36c 2.02 ± 0.23 2.72 ± 0.26c 1.33 ± 0.10c

Type IV 3.46 ± 0.29 1.89 ± 0.23 2.60 ± 0.37 1.34 ± 0.13

Type V 3.68 ± 0.37c 1.87 ± 0.23 2.71 ± 0.34 1.36 ± 0.09

Total 3.51 ± 0.41 1.95 ± 0.28 2.60 ± 0.34 1.35 ± 0.12

a b c d  
EF — lower anterior-posterior glenoid diameter; GI — glenoid index

Table 1. 

Side Gender Total

Righta Left Maleb Female

Type I 133 (52.36%) 134 (54.25%) 144 (51.99%) 123 (54.91%) 267 (53.29%)

Type II 69 (27.17%) 52 (21.05%) 65 (23.47%) 56 (25.00%) 121 (24.15%)

Type III 43 (16.93%) 47 (19.03%) 55 (19.85%) 35 (15.63%) 90 (17.96%)

Type IV 4 (1.57%) 9 (3.64%) 7 (2.52%) 6 (2.68%) 13 (2.60%)

Type V 5 (1.97%) 5 (2.03%) 6 (2.17%) 4 (1.78%) 10 (2.00%)

aP > 0.05 vs. left, bP > 0.05 vs. female
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mesenchymal tissues: a comparison between the 
retrosternal space and the middle ear tympanic 
cavity in human fetuses

4

1Department of Anatomy, Division of Basic Medicine, Tokai University School of Medicine, Isehara, Japan
2Department of Anatomy, Jeonbuk National University Medical School, Jeonju, Korea
3Department of Anatomy, Wuxi School of Medicine, Jiangnan University, Wuxi, Jiangsu, China
4Division of Internal Medicine, Cupid Clinic, Iwamizawa, Japan
5Department of Anatomy and Embryology, School of Medicine, Complutense University, Madrid, Spain
6Department of Anatomy, Tokyo Dental College, Tokyo, Japan

Background: During the expansion of the pleural cavity in early fetuses, a thick 
sheet of loose mesenchymal tissue (SLMT) appears between the lung bud and 
body wall. Subsequently, the growing lung bud invades into the SLMT and the 
latter becomes fragmented to disappear. To compare this with the tympanic cavity 

development, establishment, and breaking of the SLMT in the retrosternal space. 
Materials and methods: Although the retrosternal tissue was almost absent 
or very thin at 7 weeks, the SLMT appeared behind the manubrium sterni at  

the pleural cavity. Therefore, the volume of SLMT was not determined by the 
adjacent structures such as the pericardium and sternum. Likewise, mesenchymal 

Results: There were considerable individual variations in the timing of beginning 
and location of the tympanic cavitation. However, in contrast to the retrosternal 
SLMT, the volume of the future tympanic cavity is determined by the adjacent 
hard tissue and tympanic membrane much earlier than the cavitation. The mes-
enchymal tissue carried abundant vessels in the middle ear but none or few veins 
in the retrosternal SLMT. 
Conclusions: The concept that the lung bud invades into the splanchnic mesoderm 

pleural cavity might induce retrosternal cavitation, while a loss in blood supply 
might cause tympanic cavitation. (Folia Morphol 2023; 82, 2: 332–338)
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Figure 1. A, B. Retrosternal space 
observed in sagittal sections. Haema-
toxylin and eosin staining. Left side 
of the manubrium sterni (MS) and 
thymus (TH); A. A fetus of 28 mm 
crown-rump length (7 weeks);  
B. 35 mm crown-rump length  
(8 weeks). A thin tissue layer (arrows) 
is compressed between the sternum 
and pericardium (PC). These sections 
are medial to the course of the inter-
nal thoracic artery. Panels A and B 

-
tion (scale bar in panel B, 1 mm).

Figure 2. A–E. Thick mesenchymal 
tissues behind the sternum. Haema-
toxylin and eosin staining. A fetus 
of 59 mm crown-rump length (10 
weeks). Sagittal sections containing 
the thymus (TH) and right sternoclav-
icular joint. Panel A is 0.6 mm medial 
to panel D. Panels B and C (or panel E)  

squares in panel A (or panel D).  
A thick sheet-like mesenchymal tis-
sue (SMLT) is sandwiched between 
the rib and pericardium (PC). Arrows 
in panel B indicate a small space sug-
gesting the cavitation for the future 
pleural cavity. Likewise, panel E  

 
a fascia in the anterior side of the right 
vagus nerve (vagus); CL — clavicle;  
MS — manubrium sterni; TTM — 
transversus thoracic muscle. Panels 
A and D were prepared at the same 

A B

A CB

D E
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Figure 3. A–D. Change in thickness of the retrosternal mesenchymal tissue observed in horizontal sections at the level of the second rib. 
Panel A (silver impregnation), a fetus of 26 mm crown-rump length (7 weeks); panel B (haematoxylin and eosin staining), 35 mm crown-rump 
length (8 weeks); panels C and D (Azan staining), 64 mm crown-rump length (10 weeks). The mesenchymal tissue (black star) behind the 
manubrium sterni (MS) is thin in panel A, but thick in panels B and C. The anterior end of the left pleural cavity (open star) migrates medially 

 
 

RL — right lung; RV — right ventricle.

D

C

B

A



Folia Morphol., 2023, Vol. 82, No. 2

 

 
in the middle ear 

Figure 4. A–D. Cavitation in the mid-
dle ear for comparison with the retros-
ternal space. Haematoxylin and eosin 
staining. Panel A, a fetus of 125 mm  
crown-rump length (16 weeks);  
panel B, 256 mm crown-rump length 
(30 weeks); panel C, 272 mm crown- 
-rump length (32 weeks); panel D, 
310 mm (37 weeks). At 16 weeks, 

-
chymal tissues (stars) except for  
a slender cavity (triangle) near the 
tympanic membrane (TM). In panel B,  
the cavitation (triangles) reached half 
of the middle ear, but the presumed 

-
mal tissues (stars). In panel C, the 
cavitation (triangles) reached most 
parts of the middle ear. In panel D 
showing the largest specimen in this 

are still embedded in mesenchymal 
tissues (stars). All scale bars, 1 mm.

C

B

D

A
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Morphometric variants of the paranasal sinuses 
in a Mexican population: expected changes 
according to age and gender

, 
4 4

1Universidad Autonoma de Nuevo Leon, School of Medicine, Human Anatomy Department, Monterrey,  
Nuevo Leon, Mexico
2Universidad Autonoma de Nuevo Leon, University Hospital “Dr. José Eleuterio González”,  
Otorhinolaryngology Department, Monterrey, Nuevo Leon, Mexico
3Intituto Mexicano del Seguro Social, Delegación de Nuevo León, General Sugery, Monterrey, Nuevo Leon, Mexico
4Universidad Autonoma de Nuevo Leon, University Hospital “Dr. José Eleuterio González”,  
Radiology and Imaging Department, Monterrey, Nuevo Leon, Mexico

Background: There are developmental variations in the paranasal sinuses. Our 

Materials and methods: A retrospective, observational study was performed 
including computed tomography (CT) of patients between 1 and 20 years of 
age. The volumes of the frontal, sphenoid, and maxillary sinuses were obtained.
Results: A total of 210 CT were included with a mean age of 10 ± 6.1 years, 106 
(50.5%) were female. Groups were categorised in ranges of 5 years. Spearman 

for the frontal, sphenoid and maxillary sinuses. Post-hoc for the categorical age 
 

 16 years of age (p = 0.8). Gender-re-

group, while boys predominated in the rest of the groups. 
Conclusions: Computed tomography is ideal for pre-surgical sinus assessment. 
The maximum volume of paranasal sinuses is reached at the age of 15. There is 
a clear volumetric difference between age and gender groups. There is a direct 
relationship between a volume and its contralateral counterpart. (Folia Morphol 
2023; 82, 2: 339–345)
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Ethical considerations
RESULTS

Figure 1. Three-dimensional reconstruction of aerial structures of 
the skull of a 4-year-old patient. Scale with marks for each centi-
metre.

Figure 2. Three-dimensional reconstruction of paranasal sinuses of a 10-year-old patient; A. Lateral view in a sagittal slice; B. Frontal view 
with a coronal slice; C. Superior view in a transverse slice. Scale with marks for each centimetre.

Figure 3. Aerial reconstruction of paranasal sinuses; A. Frontal  
sinuses; B. Sphenoidal sinuses; C. Maxillary sinuses; D. Lateral  
view of frontal, ethmoidal cells and sphenoidal sinuses (left to right);  
E. Anterior view of frontal sinuses, ethmoidal cells, maxillary sinuses, 
and nasal turbinates. All images correspond to a fully grown young 
woman of 18 years of age. Scale with marks for each centimetre.

A B C

A

B

C

D

E
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DISCUSSION

 

 

Table 1. 

Volume [cm3] Mean Total (n = 210) P-value Males (n = 104) Females (n = 106) P-value

Frontal Right 7.460 6.77 ± 6.70 0.0843 7.76 ± 7.49 5.80 ± 5.71 0.096

Left 8.14 ± 10.82 8.81 ± 10.08 7.50 ± 11.52 0.243

Sphenoid Right 8.796 8.38 ± 7.08 0.711 8.52 ± 7.39 8.25 ± 6.8 0.832

Left 9.21 ± 8.58 9.81 ± 8.41 8.62 ± 8.74 0.181

Maxillary Right 27.572 27.24 ± 13.79 0.916 28.73 ± 14.37 25.78 ± 13.11 0.179

Left 27.90 ± 10.20 28.50 ± 14.62 27.31 ± 13.83 0.716

-
cient for laterality

Table 2. Difference between categorical age between the parameters of volume and length of the paranasal sinuses

Volume [cm3] Categorical age 

< 5 (n = 60, 28.6%) 6–10 (n = 50, 23.8%) 11–15 (n = 50, 23.8%) > 16 (n = 50, 23.8%)

Frontal Right 0.79 ± 1.41 3.94 ± 3.30 10.18 ± 4.96 13.38 ± 6.75

Left 1.14 ± 2.26 4.59 ± 4.37 12.22 ± 6.52 16.05 ± 16.68

Sphenoid Right 2.65 ± 4.19 6.29 ± 4.69 11.19 ± 6.67 14.54 ± 5.93

Left 2.84 ± 3.25 7.08 ± 5.84 13.34 ± 10.01 14.87 ± 7.91

Maxillary Right 12.33 ± 7.66 23.88 ± 8.27 35.95 ± 9.50 39.80 ± 7.76

Left 12.74 ± 7.84 23.82 ± 7.07 35.51 ± 9.09 42.57 ± 8.79
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Table 3. Differences in paranasal sinuses volume between populations 

Author, Year, Reference,  
Country

Imaging 
method

Sample size 
(men, women)

Gender Age 
groups

Mean volume [cm3] (men, women)

Maxillary Frontal Sphenoid 

Ariji et al., 1993 [2]
Japan

CT 230 (116, 114) 116 4–84 4.56 – –

114 6–96 4.76 – –

Barghouth et al., 2002 [3]
Switzerland

MRI 179 (103, 76) 0.14 – 0.01

2 1.6 – 0.17

4 4.1 – 0.57

8 10.1 – 1,77

12 17.1 – 3.44

16 25.9 – 5.82

Jun et al., 2005 [14]
Korea

CT 173 (84, 89) 15 (11, 4) 0–10 8.94, 4.23 – –

26 (17, 9) 11–20 19.45, 9.06 – –

22 (8, 14) 21–30 2.40, 15.85 – –

25 (14, 11) 31–40 22.28, 13.97 – –

35 (15, 20) 41–50 18.39, 11.94 – –

17 (8, 9) 51–60 19.42, 13.32 – –

22 (9, 13) 61–70 14.29, 13.69 – –

11 (2, 9) 71–80 20.26, 12.03 – –

Karakas and Kavakli, 2005 [16]
Turkey

CT 91 (47, 44) 18 (9, 9) 5–10 6.02, 6.81 1.19, 1.23 2.96, 3.14

19 (10, 9) 11–15 11.17, 9.8 4.20, 1.75 5.40, 4.85

17 (8, 8) 16–20 14.64, 14.03 7.57, 3.54 7.50, 5.43

18 (10, 9) 21–25 15.98, 10.90 8.83, 3.51 9.68, 8.71

19 (10, 9) > 25 15.50, 11.33 8.41, 3.50 7.88, 1.14

Emirzeoglu et al., 2007 [9]
Turkey

CT 77 (39, 38) 39 18–72 19.8 7.5 7.7

38 16.0 4.1 6.1

Sahlstrand-Johnson et al., 2011 [30]
Sweden

CT 60 (28, 32) 20 18–32 14.4 – –

20 33–49 16.6 – –

20 50–65 15.2 – –

Masri et al., 2013 [23]
Malaysia

CT 144 0–6 1.81, 2.81 – –

7–12 10.2, 9.26 – –

13–20 17.3, 13.5 – –

21–30 19.75, 14.5 – –

Degermenci et al., 2016 [7]
Turkey 

361 (18, 180) 100 (50, 50) 3.23, 2.89 – –

100 (50, 50) 6–10 3.61, 7.18 – –

101 (51, 50) 11–15 11.03, 10.40 – –

60 (30, 30) > 16 14.46, 12.58 – –

Poland
CT 170 40 0–4 1.97, 2.25 – –

30 4–8 5.48, 4.92 – –

100 8–17 12.15, 11.35 – –

Marino et al., 2016 [22] 
USA

CT 20 (6, 14) 6,14 28–66 27.99 5.61 9.33

Cohen et al., 2018 [5] 
Israel

CT 201 (101, 100) 100 (50, 50) 25–64 15.7, 13.9 4.9, 3.7 3.7, 2.4

100 (51, 50) > 65 13.1, 10.5 3.8, 2.4 3.9, 2.5

Özer et al., 2018 [26] 
Turkey

CT 144 (89, 55) – – – 10.24, 8.33

Jasso-Ramirez et al., 2020
Mexico

CT 210 (104, 106) 59 (28, 31) 14.12, 11.04 1.38, 0.56 3.59, 1.95

51 (25, 26) 6–10 22.25, 25.45 3.55, 4.97 6.27, 7.08

50 (26, 24) 11–15 36.72, 34.64 12.76, 9.50 13.15, 11.30

50 (25, 25) > 16 43.41, 38.95 16.21, 13.2 14.20, 15.18

3 — cubic centimetres



Folia Morphol., 2023, Vol. 82, No. 2

 

 

CONCLUSIONS

 

None declared

REFERENCES

.



N.G. Jasso-Ramirez et al., Variants of the paranasal sinuses

.

.
4. 

, 
.

.

, 
.

.
8. 

.
9. 

.

.

.

.

.

.

, 
.

.

.

.

.

.

.

 

 

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
44. 

.



 

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

 

Demirjian method and Willems method  
to study the dental age of adolescents  
in Shanghai before and after 10 years

1Department of Orthodontics, Ninth People’s Hospital, Shanghai Jiao Tong University School of Medicine,  
Shanghai, China
2Department of General Dentistry, Ninth People’s Hospital, Shanghai Jiao Tong University School of Medicine,  
Shanghai, China

Background: The aim of this study was to assess whether the difference in dental 
ages between 2009 to 2011 and 2021 is affected by environmental factors such 

Materials and methods: Demirjian and Willems dental age estimation methods 
were conducted for a Han population of children aged 8 to 14 in Shanghai, China. 

estimated. All digital panoramic radiographs were estimated using the Demirjian 
and Willems methods. Data collected in 2009 to 2011 and 2021 were statistically 
analysed by paired t-tests.
Results: The results show that the Demirjian method overestimates 2009 to 2011 
and underestimates 2021 the children’s chronological age. When using the Willems 
method, the age of males was overestimated and the age of females was underes-
timated from 2009 to 2011, and it was underestimated for both genders in 2021. 
Conclusions: In conclusion, the difference in dental ages between 2009 to 2011 

habits have been found to be affected by dental development. However, there 
are disputes among some researchers about the exact factors, so it is suggested 
to further study the effects of environmental factors on tooth development. (Folia 
Morphol 2023; 82, 2: 346–358)

method, Willems method

INTRODUCTION

retirement, employment, sports events graded ac
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MATERIALS AND METHODS
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Table 1. Age distribution of two sexes by age group — 2009–2011

Age group [years] Female Male

8.00–8.99 44 44

9.00–9.99 45 44

10.00–10.99 46 46

11.00–11.99 46 47

12.00–12.99 45 46

13.00–13.99 47 46

14.00–14.99 41 42

Total 314 315

Table 2. Age distribution of two sexes by age group — 2021

Age group [years] Female Male

8.00–8.99 39 45

9.00–9.99 40 46

10.00–10.99 46 45

11.00–11.99 46 46

12.00–12.99 47 45

13.00–13.99 47 47

14.00–14.99 46 45

Total 311 319

Figure 1. The example of the clear digital panoramic radiographs.

Figure 2. The example of the excluded (loss of teeth) digital pano-
ramic radiographs.

Figure 3. The example of the excluded (history of diseases) digital 
panoramic radiographs.
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Statistical analysis

RESULTS

server differences.

 

 
 

is divided into male and female, respectively, and is 



Folia Morphol., 2023, Vol. 82, No. 2

 

Table 3. Comparison of the chronological age of 2009 to 2011 and Demirjian dental age in male groups

Age group  
[years]

N Mean (SD) [years] 95% CI of CA–DA [years] P MAE
[years]CA DA CA–DA Lower Upper

8.00–8.99 45 8.54 (0.31) 9.30 (1.05) 0.77 (1.08) –1.09 –0.44 0.000 0.84

9.00–9.99 46 9.48 (0.32) 10.20 (1.04) 0.72 (1.07) –1.04 –0.40 0.000 0.91

10.00–10.99 45 10.50 (0.27) 11.72 (0.89) 1.22 (0.83) –1.47 –0.97 0.000 1.22

11.00–11.99 46 11.59 (0.26) 12.67 (0.93) 1.08 (0.90) –1.34 –0.81 0.000 1.09

12.00–12.99 45 12.51 (0.24) 13.35 (0.65) 0.84 (0.71) –1.05 –0.63 0.000 0.88

13.00–13.99 47 13.47 (0.26) 13.64 (0.71) 0.17 (0.70) –0.37 0.04 0.106 0.57

14.00–14.99 45 14.40 (0.31) 14.19 (0.70) –0.22 (0.64) 0.03 0.41 0.028 0.56

total 319 11.51 (1.99) 12.16 (1.90) 0.65 (0.97) –0.76 –0.54 0.000 0.87

Table 4. Comparison of the chronological age of 2009 to 2011 and Willems dental age in male groups

Age group  
[years]

N Mean (SD) [years] 95% CI of CA–DA [years] P MAE
[years]CA DA CA–DA Lower Upper

8.00–8.99 45 8.54 (0.31) 9.21 (1.06) 0.68 (1.09) –1.00 –0.35 0.000 0.81

9.00–9.99 46 9.48 (0.32) 9.96 (1.05) 0.48 (1.07) –0.8 –0.16 0.004 0.72

10.00–10.99 45 10.50 (0.27) 11.17 (0.97) 0.67 (0.91) –0.94 –0.40 0.000 0.80

11.00–11.99 46 11.59 (0.26) 12.16 (0.85) 0.57 (0.81) –0.81 –0.33 0.000 0.77

12.00–12.99 45 12.51 (0.24) 12.75 (0.48) 0.24 (0.54) –0.41 –0.08 0.004 0.48

13.00–13.99 47 13.47 (0.26) 13.06 (0.67) –0.41 (0.64) 0.22 0.60 0.000 0.58

14.00–14.99 45 14.40 (0.31) 13.55 (0.69) –0.86 (0.65) 0.66 1.05 0.000 0.91

Total 319 11.51 (1.99) 11.70 (1.73) 0.19 (1.00) –0.30 –0.08 0.001 0.72

Table 5. Comparison of the chronological age of 2009 to 2011 and Demirjian dental age in female groups

Age group  
[years]

N Mean (SD) [years] 95% CI of CA–DA [years] P MAE 
[years]CA DA CA–DA Lower Upper

8.00–8.99 39 8.49 (0.31) 8.87 (0.71) 0.37 (0.63) –0.58 –0.17 0.001 0.58

9.00–9.99 40 9.51 (0.33) 10.07 (0.92) 0.56 (0.89) –0.84 –0.27 0.000 0.83

10.00–10.99 46 10.60 (0.25) 11.84 (0.89) 1.23 (0.97) –1.52 –0.94 0.000 1.28

11.00–11.99 46 11.52 (0.26) 12.92 (0.71) 1.40 (0.77) –1.63 –1.17 0.000 1.40

12.00–12.99 47 12.59 (0.25) 12.79 (0.95) 0.21 (0.98) –0.50 0.08 0.158 0.67

13.00–13.99 47 13.40 (0.28) 13.63 (0.71) 0.24 (0.71) –0.44 –0.03 0.026 0.55

14.00–14.99 46 14.41 (0.27) 13.79 (0.71) –0.62 (0.76) 0.4 0.85 0.000 0.76

Total 311 11.62 (1.95) 12.10 (1.86) 0.48 (1.04) –0.60 –0.37 0.000 0.87
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The results of the comparison of the Demirjian 
methods for males from 2009 to 2011 and 2021

Figure 4. Histogram of the difference between Demirjian dental 
age and chronological age in male groups in 2009 to 2011. 
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Figure 7. Histogram of the difference between Willems dental age 
and chronological age in female groups in 2009 to 2011.
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Table 6. Comparison of the chronological age of 2009 to 2011 and Willems dental age in female groups

Age group  
[years]

N Mean (SD) [years] 95% CI of CA–DA [years] P MAE 
[years]CA DA CA–DA Lower Upper

8.00–8.99 39 8.50 (0.31) 8.44 (0.54) –0.05 (0.54) –0.12 0.23 0.534 0.44

9.00–9.99 40 9.51 (0.33) 9.39 (0.89) –0.12 (0.86) –1.45 0.18 0.368 0.66

10.00–10.99 46 10.60 (0.25) 11.15 (0.97) 0.55 (1.04) –0.86 –0.24 0.001 0.95

11.00–11.99 46 11.52 (0.26) 12.36 (0.62) 0.84 (0.68) –1.04 –0.63 0.000 0.88

12.00–12.99 47 12.59 (0.25) 12.33 (0.74) –0.26 (0.77) 0.03 0.48 0.027 0.65

13.00–13.99 47 13.40 (0.28) 13.05 (0.76) –0.34 (0.73) 0.13 0.56 0.002 0.68

14.00–14.99 46 14.41 (0.27) 13.32 (0.71) –1.09 (0.74) 0.87 1.31 0.000 1.12

Total 311 11.62 (1.95) 11.55 (1.85) –0.08 (0.98) –0.04 0.18 0.207 0.77

Figure 5. Histogram of the difference between Demirjian dental 
age and chronological age in female groups in 2009 to 2011.
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Figure 6. Histogram of the difference between Willems dental age 
and chronological age in male groups in 2009 to 2011.
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Table 7. Comparison of the chronological age of 2021 and Demirjian dental age in male groups

Age group  
[years]

N Mean (SD) [years] 95% CI of CA–DA [years] P MAE 
[years]CA DA CA–DA Lower Upper

8.00–8.99 44 8.39 (0.25) 8.19 (0.26) –0.20 (0.33) 0.10 0.30 0.000 0.31

9.00–9.99 44 9.50 (0.27) 8.76 (0.41) –0.74 (0.43) 0.61 0.87 0.000 0.75

10.00–10.99 46 10.49 (0.29) 10.29 (0.63) –0.21 (0.65) 0.01 0.40 0.039 0.55

11.00–11.99 47 11.40 (0.28) 11.03 (0.93) –0.38 (0.91) 0.11 0.64 0.006 0.77

12.00–12.99 46 12.36 (0.25) 12.07 (0.74) –0.30 (0.76) 0.07 0.52 0.011 0.57

13.00–13.99 46 13.44(0.30) 12.94 (0.65) –0.51 (0.66) 0.31 0.7 0.000 0.71

14.00–14.99 42 14.45 (0.34) 13.19 (0.63) –1.26 (0.56) 1.09 1.44 0.000 1.26

Total 315 11.42 (1.99) 10.92 (1.91) –0.51 (0.73) 0.42 0.58 0.000 0.70

Table 8. Comparison of the chronological age of 2021 and Willems dental age in male groups

Age group  
[years]

N Mean (SD) [years] 95% CI of CA–DA [years] P MAE 
[years]CA DA CA–DA Lower Upper

8.00–8.99 44 8.39 (0.25) 8.10 (0.34) –0.28 (0.39) 0.16 0.40 0.000 0.39

9.00–9.99 44 9.50 (0.27) 8.90 (0.57) –0.60 (0.53) 0.44 0.76 0.000 0.65

10.00–10.99 46 10.49 (0.29) 9.96 (0.45) –0.53 (0.48) 0.39 0.68 0.000 0.56

11.00–11.99 47 11.40 (0.28) 10.69 (0.94) –0.71 (0.92) 0.44 0.98 0.000 0.95

12.00–12.99 46 12.36 (0.25) 11.73 (0.67) –0.63 (0.69) 0.42 0.83 0.000 0.94

13.00–13.99 46 13.45 (0.30) 12.56 (0.41) –0.90 (0.45) 0.76 1.03 0.000 0.91

14.00–14.99 42 14.45 (0.34) 12.72 (0.39) –1.73 (0.40) 1.61 1.85 0.000 1.73

Total 315 11.43 (1.99) 10.67 (1.74) –0.80 (0.71) 0.68 0.84 0.000 0.88

Table 9. Comparison of the chronological age of 2021 and Demirjian dental age in female groups

Age group  
[years]

N Mean (SD) [years] 95% CI of CA–DA [years] P MAE 
[years]CA DA CA–DA Lower Upper

8.00–8.99 44 8.47 (0.28) 8.15(0.30) –0.32 (0.39) 0.20 0.44 0.000 0.43

9.00–9.99 45 9.49 (0.31) 9.03 (0.51) –0.46 (0.54) 0.30 0.63 0.000 0.57

10.00–10.99 46 10.40 (0.33) 10.65 (0.98) 0.25 (0.90) –0.52 0.02 0.067 0.79

11.00–11.99 46 11.52 (0.27) 11.54 (0.65) 0.02 (0.61) –0.20 0.16 0.853 0.50

12.00–12.99 45 12.36 (0.25) 11.98 (0.59) –0.38 (0.62) 0.19 0.57 0.000 0.60

13.00–13.99 47 13.49 (0.30) 12.45 (0.50) –1.04 (0.40) 0.92 1.16 0.000 1.04

14.00–14.99 41 14.42 (0.31) 12.99 (0.55) –1.43 (0.61) 1.24 1.62 0.000 1.43

total 314 11.43 (1.99) 10.96 (1.76) –0.48 (0.80) 0.38 0.56 0.000 0.77
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The results of the comparison of the Willems 
methods for males from 2009 to 2011 and 2021

Figure 8. Histogram of the difference between Demirjian dental 
age and chronological age in male groups in 2021.

Figure 10. Histogram of the difference between Willems dental 
age and chronological age in male groups in 2021.
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Figure 11. Histogram of the difference between Willems dental 
age and chronological age in female groups in 2021.
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Figure 9. Histogram of the difference between Demirjian dental 
age and chronological age in female groups in 2021.
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Table 10. Comparison of the chronological age of 2021 and Willems dental age in female groups

Age group  
[years]

N Mean (SD) [years] 95% CI of CA–DA [years] P MAE 
[years]CA DA CA–DA Lower Upper

8.00–8.99 44 8.47 (0.28) 8.16 (0.54) –0.32 (0.59) 0.14 0.50 0.001 0.57

9.00–9.99 45 9.49 (0.31) 9.16 (0.64) –0.33 (0.62) 0.15 0.52 0.001 0.56

10.00–10.99 46 10.40 (0.33) 10.02 (0.94) –0.38 (0.86) 0.13 0.64 0.004 0.78

11.00–11.99 46 11.52 (0.27) 11.1 (0.78) –0.42 (0.71) 0.21 0.63 0.000 0.63

12.00–12.99 45 12.36 (0.25) 11.30 (0.71) –1.06 (0.72) 0.85 1.28 0.000 1.09

13.00–13.99 47 13.49 (0.30) 12.09 (0.56) –1.40 (0.52) 1.25 1.55 0.000 1.43

14.00–14.99 41 14.42 (0.31) 12.61 (0.59) –1.81 (0.68) 1.6 2.02 0.000 1.84

Total 314 11.43 (1.99) 10.62 (1.62) –0.82 (0.87) 0.71 0.91 0.000 0.99
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The results of the comparison of the Demirjian 
methods for females from 2009 to 2011 and 2021

Figure 12. The dental age difference between 2009 to 2011 and 
2021 by Demirjian method in the male groups.

Figure 13. The dental age difference between 2009 to 2011 and 
2021 by Willems method in the male groups.

Table 11. Comparison of Demirjian dental age of 2009–2011 and 2021 in male groups

Age group
[years]

N Mean (SD) [years] 95% CI of CA–DA [years] P MAE 
[years]2009–2011 2021 (2009–2011)–2021 Lower Upper

8.00–8.99 44 9.26 (1.01) 8.19 (0.26) 1.07 (1.12) 0.73 1.41 0.000 1.08

9.00–9.99 44 10.26 (1.03) 8.76 (0.41) 1.50 (1.09) 1.17 1.83 0.000 1.52

10.00–10.99 45 11.72 (0.89) 10.29 (0.63) 1.42 (1.07) 1.10 1.74 0.000 1.48

11.00–11.99 46 12.67 (0.93) 11.02 (0.94) 1.64 (1.38) 1.23 2.05 0.000 1.70

12.00–12.99 45 13.35 (0.65) 12.06 (0.75) 1.29 (0.96) 1.01 1.58 0.000 1.30

13.00–13.99 46 13.63 (0.71) 12.94 (0.65) 0.69 (0.97) 0.41 0.98 0.000 0.93

14.00–14.99 42 14.24 (0.68) 13.19 (0.63) 1.05 (0.89) 0.77 1.32 0.000 1.14

Total 312 12.16 (1.90) 10.92 (1.92) 1.24 (1.11) 1.12 1.36 0.000 1.31

Table 12. Comparison of Willems dental age of 2009–2011 and 2021 in male groups.

Age group 
[years]

N Mean (SD) [years] 95% CI of CA–DA (years) P MAE 
[years]2009–2011 2021 (2009–2011)–2021 Lower Upper

8.00–8.99 44 9.23 (1.07) 8.10 (0.34) 1.13 (1.17) 0.77 1.48 0.000 1.18

9.00–9.99 44 9.99 (1.06) 8.90 (0.57) 1.09 (1.24) 0.71 1.47 0.000 1.16

10.00–10.99 45 11.17 (0.97) 9.97 (0.45) 1.20 (1.02) 0.89 1.51 0.000 1.23

11.00–11.99 46 12.16 (0.85) 10.68 (0.95) 1.48 (1.27) 1.10 1.86 0.000 1.57

12.00–12.99 45 12.75 (0.48) 11.73 (0.68) 1.03 (0.78) 0.79 1.26 0.000 1.06

13.00–13.99 46 13.06 (0.67) 12.56 (0.41) 0.50 (0.78) 0.27 0.73 0.000 0.69

14.00–14.99 42 13.60 (0.69) 12.72 (0.39) 0.88 (0.79) 0.63 1.12 0.000 0.99

Total 312 11.71 (1.73) 10.67 (1.74) 1.04 (1.06) 0.93 1.16 0.000 1.13
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Figure 14. The dental age difference between 2009 to 2011 and 
2021 by Demirjian method in the female groups.

Figure 15. The dental age difference between 2009 to 2011 and 
2021 by Willems method in the female groups.

Table 13. Comparison of Demirjian dental age of 2009–2011 and 2021 in female groups

Age group 
[years]

N Mean (SD) [years] 95% CI of CA–DA [years] P MAE 
[years]2009-2011 2021 (2009-2011)-2021 Lower Upper

8.00–8.99 39 8.87 (0.71) 8.16 (0.29) 0.71 (0.74) 0.47 0.95 0.000 0.81

9.00–9.99 40 10.07 (0.92) 9.08 (0.51) 1.00 (1.00) 0.68 1.32 0.000 1.20

10.00–10.99 46 11.84 (0.89) 10.65 (0.98) 1.18 (1.28) 0.80 1.56 0.000 1.41

11.00–11.99 46 12.92 (0.71) 11.54 (0.65) 1.38 (0.99) 1.09 1.67 0.000 1.39

12.00–12.99 45 12.78 (0.97) 11.98 (0.59) 0.79 (1.12) 0.46 1.13 0.000 1.05

13.00–13.99 47 13.63 (0.71) 12.45 (0.50) 1.19 (0.81) 0.95 1.43 0.000 1.20

14.00–14.99 41 13.78 (0.72) 12.99 (0.55) 0.79 (0.88) 0.51 1.06 0.000 0.99

Total 304 12.07 (1.86) 11.05 (1.72) 1.02 (1.01) 0.90 1.13 0.000 1.15

Table 14. Comparison of Willems dental age of 2009–2011 and 2021 in female groups

Age group 
[years]

N Mean (SD) [years] 95% CI of CA–DA (years) P MAE 
[years]2009–2011 2021 (2009–2011)–2021 Lower Upper

8.00–8.99 39 8.44 (0.54) 8.17 (0.56) 0.27 (0.77) 0.02 0.52 0.033 0.66

9.00–9.99 40 9.39 (0.89) 9.22 (0.64) 0.17 (0.97) –0.13 0.48 0.269 0.81

10.00–10.99 46 11.15 (0.97) 10.02 (0.94) 1.14 (1.43) 0.71 1.56 0.000 1.51

11.00–11.99 46 12.36 (0.62) 11.10 (0.78) 1.26 (1.09) 0.94 1.59 0.000 1.34

12.00–12.99 45 12.33 (0.76) 11.30 (0.71) 1.03 (1.04) 0.72 1.35 0.000 1.14

13.00–13.99 47 13.05 (0.76) 12.09 (0.56) 0.96 (0.86) 0.71 1.22 0.000 0.98

14.00–14.99 41 13.32 (0.74) 12.61 (0.59) 0.71 (0.91) 0.42 1.00 0.000 0.98

Total 304 11.52 (1.85) 10.70 (1.59) 0.82 (1.10) 0.69 0.94 0.000 1.06
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The results of the comparison of the Willems 
methods for females from 2009 to 2011 and 2021

DISCUSSION

internationalisation of cities.

tors and environmental factors, mainly environmental 
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on dental development.

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

 

Anatomical variations of the biceps brachii 

4

1Department of Anatomical Dissection and Donation, Medical University of Lodz, Poland
2Institute of Functional and Clinical Anatomy, Erlangen, Germany 
3Department of Topographic Anatomy and Operative Surgery, Sechenov University, Moscow, Russia
4Twin Cities Orthopaedics, Edina, Minnesota, United States 
5Clinic of Orthopaedic and Paediatric Orthopaedics, Medical University of Lodz, Poland

Background: The biceps brachii (BB) muscle is one of the three muscles located 
in the anterior compartment of the arm. Its insertion consists of two parts. The 

research was to reveal the morphological diversity of the insertion of this muscle. 

attachment of BB. The results of that research can be used to further develop 
surgical procedures in the given region.
Materials and methods: Eighty (40 left, and 40 right, 42 female, 38 male) upper 

Results: We observed three types of the insertion of the BB. Type I was character-
ised by a single tendon and occurred most frequently in 78.75% of the examined 
limbs. The second most common type was type II which was characterised by  
a double tendon and was observed in 13.75% of all the limbs. The last and least 
common was type III which was characterised by three tendons and occurred 
in 7.5% of the examined limbs. Additionally, the type of LF was analysed. In  
8 (10%) specimens it was absent, i.e. in 2 specimens with type II insertion and  
6 specimens with type III (p = 0.0001). Therefore, it may be deduced that type 

Conclusions: The BB tendon is characterised by high morphological variability. 

tendon; type II — two separated band-shaped tendons; type III — three separated 
band-shaped tendons. The presence of type III BB tendon predisposes to a lack 
of LF. (Folia Morphol 2023; 82, 2: 359–367)
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demonstrates data on insertion types.

Figure 1. Type I of biceps brachii insertion; shBB — short head  
of the biceps brachii; lhBB — long head of the biceps brachii;  
R — radius bone.

Figure 2. Type II of the biceps brachii insertion; shBB — short 
head of the biceps brachii; lhBB — long head of the biceps brachii; 
R — radius bone.

Figure 3. Type III of biceps brachii insertion; shBB — short head  
of the biceps brachii; lhBB — long head of the biceps brachii;  
R — radius bone.
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DISCUSSION

 

Table 1. Morphometric parameters according to gender and side of the body

Parameter Sex P value Side of the body P value

Females Males Right Left

Tendon I length 66.08 (12.08) 65.92 (12.30) 0.7396 66.08 (12.09) 65.93 (12.28) 0.9037

Tendon I width 7.83 (3.94) 6.04 (225) 0.0313 7.01 (3,38) 6.94 (3.36) 0.2736

Tendon I thickness 2.52 (0.65) 2.54 (0.67) 0.9539 2.54 (0.67) 2.52 (0.65) 0.8945

Tendon II length 59.92 (9.74) 55.78 (2.76) 0.0922 58.22 (7.26) 57.29 (7.29) 0.4008

Tendon II width 2.53 (0.55) 3.98 (0.58) 0.0012 3.32 (1.09) 3.27 (0.83) 0.7353

Tendon II thickness 1.78 (0.20) 2.33 (0.38) 0.0006 2.06 (0.45) 2.09 (0.40) 0.8886

Tendon III length 66.46 (3.21) 66.37 (3.59) 66.55 (3.58) 1.0000

Tendon III width 1.91 (0.30) 1.76 (0.22) 2.06 (0.33) 0.1088

Tendon III thickness 1.39 (0.12) 1.35 (0.12) 1.43 (0.11) 0.1088

38.58 (8.76) 36.83 (10.19) 0.4272 37.49 (9.63) 37.91 (9.45) 0.0218

7.62 (3.98) 6.41 (3.27) 0.2281 6.93 (3.64) 7.10 (3.74) 0.3419

1.15 (0.63) 1.11 (0.41) 0.9551 1.13 (0.53) 1.12 (0.54) 0.5043

12.39 (6.80) 12.26 (10.05) 0.3054 12.59 (8.83) 12.07 (8.32) 0.9249

1.67 (0.70) 1.58 (0.40) 0.7269 1.60 (0.55) 1.64 (0.60) 0.3339

Figure 4.  ihBB — long head of the biceps 
brachii; shBB — short head of the biceps brachii; MN — median 
nerve; BA — brachial artery; BRM — brachioradialis muscle;  
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Table 2. Morphometric parameters according to insertion types

Parameter Insertion types P value

I II III

Tendon I length 68.76 (11.72) 51.83 (5.30) 63.09 (3.27) 0.0001

Tendon I width 7.93 (3.10) 3.91 (1.24) 2.60 (0.10) 0.0001

Tendon I thickness 2.62 (0.65) 2.23 (0.72) 2.09 (0.12) 0.001

Tendon II length 53.77 (5.12) 65.00 (3.04) 0.0011

Tendon II width 3.87 (0.58) 2.24 (0.19) 0.0011

Tendon II thickness 2.18 (0.48) 1.87 (0.10) 0.0392

Tendon III length 66.46 (3.21)

Tendon III width 1.91 (0.30)

Tendon III thickness 1.39 (0.12)

39.07 (9.05) 28.09 (6.61) 0.0003

7.17 (3.88) 5.96 (1.16) 0.8782

1.13 (0.56) 1.13 (0.15) 0.7143

12.90 (8.91) 8.33 (2.97) 0.3852

1.60 (0.57) 1.79 (0.55) 0.4641
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O R I G I N A L    A R T I C L E

Venous supply of horseshoe kidneys and  
normal kidneys: an angio-multislice  
computed tomography-based study

1Department of Radiology, Barlicki University Hospital, Medical University of Lodz, Poland
2Department of Normal and Clinical Anatomy, Chair of Anatomy and Histology, Medical University of Lodz, Poland
3Department of Radiological and Isotopic Diagnosis and Therapy, Medical University of Lodz, Poland

Background: Horseshoe kidney (HSK) is a common developmental anomaly which 
can be associated with many atypical anatomical variants of blood supply. The aim 
of this study was to identify the anatomical variants of renal veins supplying HSK, 
with particular emphasis on their relationship with the arterial system.
Materials and methods: The analysis included 94 patients with HSK and 248 
persons with normal kidneys (NK). Based on computed tomography-angiography, 
the number of renal arteries and veins was determined, along with the levels the 
arteries branched off the aorta and the veins communicated to their parental 
vessels.
Results: Four hundred and twenty-three renal arteries (4.5 per person) and 364 
renal veins (3.78 per persons) were found in HSK group (p = 0.004), as compared 
with 598 arteries (2.41 per person) and 567 veins (2.29 per person) in the NK 
group (p = 0.025). Mean number of renal veins in women with HSK was higher 
than in men (4.11 vs. 3.72 per patient, p = 0.03). In the HSK group, the number 

men (ks

the number of renal arteries and renal veins were found both in the whole group 
and among men and women.
Conclusions: Horseshoe kidneys are drained by a higher number of renal veins 
than NK, especially in women; this also refers to accessory renal veins. The number 
of renal veins for HSK is less dependent on the number of corresponding arteries 
than these for NK. (Folia Morphol 2023; 82, 2: 368–374)
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was analysed

Statistical analysis

 

RESULTS

 

and patient sex

Figure 1. Horseshoe kidney. Left renal vein presents retroaortic 
variant.

Figure 2. Two normal kidneys. Left kidney is drained by two renal 
veins creating circumaortic variant.

Table 1. Frequency of additional renal veins in relation to its anatomical variant

Horseshoe kidneys Normal kidneys

Whole group Women Men Whole group Women Men

10 (10.64%) 1 (2.70%) 9 (16.67%) 189 (76.21%) 95 (77.87%) 94 (74.60%)

Variant III 84 (89.36%) 36 (97.30%) 48 (83.33%) 59 (23.79%) 27 (22.13%) 32 (25.40%)
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and renal arteries

 

 
 

 

s

s

s

Figure 3. Horseshoe kidney supplied by 5 renal artery and drained 
by 3 renal veins. 

Figure 4. Two normal kidneys supplied by 5 renal arteries and  
2 renal veins.

Table 2. Mean numbers of renal arteries and veins in patients with horseshoe kidneys (HSK) and in patients with normal kidneys (NK)

Whole group Group of women Group of men

Veins Arteries Veins Arteries Veins Arteries

HSK group 3.87 4.5 4.11 4.24 3.72 4.67

NK group 2.29 2.41 2.24 2.34 2.29 2.50
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DISCUSSION

Table 3. Correlation between number of renal veins and arteries in a group of patients with horseshoe kidneys depending on vessel 
level

Whole group Group of women Group of men

ks p ks p ks p

Level I 0.13 0.203 –0.04 0.834 0.27 0.040

Level II 0.28 0.006 0.44 0.086 0.12 0.673

Table 4. Correlations in between number of renal arteries and 
veins depending on anatomical variant of a kidney

Normal kidneys 
group

Horseshoe kidneys 
group

ks p ks p

Whole group 0.25 < 0.001 0.16 0.150

Group of women 0.22 0.014 –0.08 0.634

Group of men 0.26 0.003 0.35 0.009
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Bihemispheric posterior inferior cerebellar artery 
in a cadaver with Chiari I malformation

1Department of Neurosurgery, Tulane Centre for Clinical Neurosciences, Tulane University School of Medicine,  
New Orleans, LA, United States
2Tulane University and Ochsner Clinic Neurosurgery Programme, Tulane University School of Medicine,  
New Orleans, LA, United States
3Department of Anatomical Dissection and Donation, Medical University of Lodz, Poland
4Department of Neurology, Tulane University School of Medicine, New Orleans, LA, United States
5Department of Neurosurgery, Ochsner Health System, New Orleans, LA, United States
6Department of Structural and Cellular Biology, Tulane University School of Medicine, New Orleans, LA, United States
7Department of Anatomical Sciences, St. George’s University, St. George’s, Grenada, West Indies
8Department of Surgery, Tulane University School of Medicine, New Orleans, LA, United States
9University of Queensland, Brisbane, Australia

Typically, patients with Chiari I malformations (CM I) do not have other intracranial 

of a cadaveric specimen found to have CM I and cerebellar tonsils supplied by 
a single posterior inferior cerebellar artery (PICA) i.e., a bihemispheric PICA. An 
adult male cadaver was found to have CM I. It was also noted that the left PICA 
descended inferiorly to the level of C1 and that there was absence of the right 
PICA. The territory of the right PICA was supplied by the left PICA. The tonsillar 
component of the left PICA gave rise to a branch that crossed to the right inferior 
cerebellum and herniated cerebellar tonsil. A bihemispheric PICA is very rare. To 

with CM I. Such a variation should be kept in mind, especially during posterior 
fossa decompression for symptomatic CM I as unilateral PICA injury could have 
catastrophic results. (Folia Morphol 2023; 82, 2: 375–381)

cranial fossa, tonsillar ectopia, variation
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patient is generally normal.
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nial anatomical variations were noted. No intracranial 

DISCUSSION
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Figure 1. Posterior view of the exposed craniocervical junction in the case described herein. Note the herniated left and right cerebellar ton-
sils (T), C2 dorsal nerve roots, posterior spinal artery (PSA), and left spinal accessory nerve (CNXI). The left posterior inferior cerebellar artery 

Figure 2. Schematic drawing of the normal course of the left posterior inferior cerebellar artery.
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Major variants of the PICA

 

PICA and Chiari I malformation

 

Bihemispheric PICA
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Connection between V2 and V3 parts of the 
trigeminal nerve at the internal cranial base

1Tulane University School of Medicine, New Orleans, LA, United States
2Department of Anatomical Dissection and Donation, Medical University of Lodz, Poland
3Department of Neurosurgery, Tulane Centre for Clinical Neurosciences, Tulane University School of Medicine,  
New Orleans, LA, United States
4Department of Neurology, Tulane Centre for Clinical Neurosciences, Tulane University School of Medicine,  
New Orleans, LA, United States
5Department of Anatomical Sciences, St. George’s University, St. George’s, Grenada, West Indies
6Department of Structural and Cellular Biology, Tulane University School of Medicine, New Orleans, LA, United States
7Department of Surgery, Tulane University School of Medicine, New Orleans, LA, United States
8Department of Neurosurgery and Ochsner Neuroscience Institute, Ochsner Health System,  
New Orleans, LA, United States
9University of Queensland, Brisbane, Australia

examination. Here, we report two cases of seemingly unique connections between 
V2 and V3 parts of the trigeminal nerve. In these two cadaveric specimens, at 

(Folia Morphol 2023; 82, 2: 382–385)

interconnections, complications

INTRODUCTION
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were noted on ipsilateral or contralateral sides of 

DISCUSSION

Figure 1. Right-sided cadaveric dissection noting the connecting nerve (under the hook and at the arrow) between V2 and V3. Also, note V1, 
the oculomotor nerve (CNIII), internal carotid arteries (ICA), Gasserian ganglion (GG), and trigeminal nerve (CNV). 
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motor root. 

Figure 2. Right-sided cadaveric dissection noting the connecting nerve (arrow) between V2 and V3; A. In normal position, note the optic 
nerve (CNII), oculomotor nerve (CNIII), V1, internal carotid artery (ICA), Gasserian ganglion (GG), and trigeminal nerve (CNV); B. Following 

motor root of V3.

Figure 3. Histological sections of the nerve connections between V2 and V3. The left image (A -
B, H&  

(C

A B

A B C
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of a C1 posterior arch defect 

1Tulane University School of Medicine, New Orleans, LA, United States
2Domain of Anatomy, Kurume University School of Nursing, Kurume, Fukuoka, Japan
3Department of Neurosurgery, Tulane Centre for Clinical Neurosciences, Tulane University School of Medicine,  
New Orleans, LA, United States
4Department of Neurology, Tulane Centre for Clinical Neurosciences, Tulane University School of Medicine,  
New Orleans, LA, United States
5Division of Gross and Clinical Anatomy, Department of Anatomy, Kurume University School of Medicine,  
Kurume, Fukuoka, Japan
6Department of Structural and Cellular Biology, Tulane University School of Medicine, New Orleans, LA, United States
7Department of Anatomical Sciences, St. George’s University, St. George’s, Grenada, West Indies
8Department of Surgery, Tulane University School of Medicine, New Orleans, LA, United States
9Department of Neurosurgery and Ochsner Neuroscience Institute, Ochsner Health System,  
New Orleans, LA, United States
10Department of Anatomy, University of Warmia and Mazury, Olsztyn, Poland

is a paucity of information describing the detailed anatomy, muscle attachments, 

an isolated unilateral posterior arch defect in the 83-year-old male cadaver. His-

(Folia Morphol 
2023; 82, 2: 386–390)

INTRODUCTION
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DISCUSSION

 

Figure 1. Computed tomographic images of the C1 posterior arch defect.
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Figure 2. Anatomical exposure of the posterior arch defect. Both the right and left rectus capitis posterior minor (RCPm) muscles are shown.

Figure 3. Both right and left rectus capitis posterior minor (RCPm) muscles are turned inferiorly to see their origins.
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or stranding on CT or magnetic resonance imaging  

a dystopic os odontoideum

Figure 4. -
cartilaginous tissue (A) and the posterior arch of C1, slightly right of centre, is shown for comparison (B).

A B
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An atypical radiographic appearance  
of a cardiac myxoma: case report  
and review of the literature

12nd Department of Clinical Radiology, University Clinical Centre of Medical University of Warsaw, Poland
2Department of Cardiac Surgery, University Clinical Centre of Medical University of Warsaw, Poland

Cardiac myxomas are the most common primary cardiac tumours in adults. They 
usually present as a solitary, solid mass in the left atrium. Their most common radio-
graphic appearance is that of a hypodense lesion on computed tomography (CT) 
and inhomogeneous lesion (hypo to isointense on T1 sequences and hyperintense 
on T2 sequences) on magnetic resonance (MR) with some contrast enhancement. 
However, different patterns are recognized due to secondary changes within the 
tumour. We present a case of a 60-year-old man with a hypervascular myxoma. 
The lesion was a sessile mass located in the left atrium and rigidly attached to the 
interatrial septum. On CT and MR, it showed vivid contrast enhancement due to 

-
ture for different atypical radiographic appearances of myxomas. (Folia Morphol 
2023; 82, 2: 391–395)
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Table 1. Computed tomography acquisition parameters

Parameter Non-contrast + contrast- 
-enhanced phases

Tube voltage [kV] 120

Tube current [mA] Smart mA

Rotation time [s] 0.275

220.0

Focus Small

Table 2. Magnetic resonance sequences’ parameters

Parameter HASTE SSFP CINE T2-TIRM T1 + T1FS PERFUSION DE-PSIR

Plane Axial 2CH, 3CH, 4CH, SA

Repetition time [ms] 800 42,3 (2,3CH); 40,05 (4CH);  
57,86 (SA)

664 740 160.76 700

Echo time [ms] 40 1.12 47 30 1.05 1.21

Flip angle [o] 160 80 (2,3,4CH); 79 (SA) 180 180 12 45

iPAT factor 2 2 - 2 2 2

Number of signal averages 1 1 1 1 1 1

370 340 (2,3CH,SA); 380 (4CH) 360 340 360 340

75 80.4 (2,3,4CH); 81.3 (SA) 81.3 81.3 75 68.8

Breath-hold No Yes Yes Yes Yes Yes

Resolution [mm]  
 

HASTE — half-Fourier acquisition single-shot turbo spin-echo; SSFP CINE — steady-state free-precession cine; TIRM —turbo inversion recovery magnitude; FS — fat saturation;  
DE-PSIR — delayed enhancement phase-sensitive inversion recovery; 2,3,4CH — two, three, four chamber plane; SA — short axis plane; iPAT — integrated parallel acquisition techniques;  
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DISCUSSION

Figure 3. Coronary computed tomography reconstruction. Image 
shows ascending aorta and coronary tree. It presents domination 
of left coronary artery and separate origins of left anterior descend-

sinus. Two enlarged branches of LCX (yellow arrows) feed the vas-

disease is noted; Ao — aorta.

Figure 1. A. Axial non-contrast computed tomography image;  
B. Axial delayed phase contrast-enhanced computed tomography 

 
-

low arrow on image B) and contrast-enhancing vascular part (red 
asterisk on image B). Size of cardiac chambers is within normal 
limits. There are no other cardiovascular abnormalities; RA — right 
atrium; RV — right ventricle; LA — left atrium; LV — left ventricle.

A B

Figure 2. A. Axial arterial phase computed tomography image;  
B. Maximum intensity projection reconstruction of sagittal arterial 
phase computed tomography images. Images demonstrate the 

and non-vascular components. They present enlarged, tortuous 

blood in the vascular nidus of the tumour (red asterisks on both im-
ages). The non-vascular part of the mass remains hypodense. Size 
of cardiac chambers is within normal limits. There are no other car-
diovascular abnormalities; RA — right atrium; RV — right ventricle; 
LA — left atrium; LV — left ventricle; Ao — aorta.

A B

Figure 4. A. Four-chamber T1 image; B. Four-chamber T1 fat-satu-
rated image; C. Short axis T2 fat-saturated image; D. Axial HASTE 
image. Images demonstrate heterogeneity of the mass (red asterisk)  
on magnetic resonance. Secondary changes within the tumour 

hypointense foci on T2 weighted sequences (image C). The lesion 
contains no fat as it has similar signal intensity on T1 weighted 
sequences with and without fat saturation (images A and B). Size 
of cardiac chambers is within normal limits. There are no other  
cardiovascular abnormalities; RA — right atrium; RV — right  
ventricle; LA — left atrium; LV — left ventricle.

A

C

B

D
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Figure 5. Four-chamber T1 delayed post-contrast image. Image 
reveals contrast enhancement of both myxoid and vascular parts 
of the mass (red asterisk). The vascular component follows signal 
intensity and contrast enhancement of blood on all magnetic  
resonance sequences. The myxoid part shows some contrast  
enhancement (red arrow) and a non-enhancing cap (yellow arrow)  
on delayed imaging. Size of cardiac chambers is within normal 
limits. There are no other cardiovascular abnormalities; RA — right 
atrium; RV — right ventricle; LA — left atrium; LV — left ventricle.
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Table 3. Atypical patterns of cardiac myxomas

Feature Report

Multiplicity Intracardiac Genetic Carney JA, 1985 [2]

Non-genetic Kataoka S, 2016 [4]

Extracardiac metastases Wan Y, 2019 [12] 
Terata Y, 2000 [11]

Location Cardiac chambers besides left atrium Katiyar G, 2020 [5] 
Baris V, 2016 [1]

Secondary changes within the tumour López-Marco A, 2014 [6]

Cysts Single Park JK, 2013 [8]

Multiple Singhal A, 2017 [9]

Hypervascularity Stiver K, 2015 [10]
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Two cases of variations in inferior thyroid 
arterial pattern and their clinical implications

Department of Human Anatomy, Histology and Embryology, Medical University, Plovdiv, Bulgaria

Vascular variations are the most common ones in humans. Inferior thyroid artery 
arises from the thyrocervical trunk in 90.5%, from subclavian in 7.5%, and very 
rarely from the common carotid, aortic arch, brachiocephalic, internal thoracic, 
pericardiacophrenic, or vertebral. Thyroid ima artery is more common variety found 
in up to12.2% of the population. Two cadavers dissected in the anatomy depart-
ment are presented with variations in the blood supply of the thyroid gland. The 

common carotid on the right side and inferior thyroid as a branch of the common 
carotid on the left. The second case was an 85-year-old female without inferior 
thyroid arteries bilaterally, replaced by thyroid ima arising from brachiocephalic 
artery. The awareness of such arterial pattern is crucial for the specialists in imaging 
and preoperative diagnosing and escaping eventual iatrogenic complications of 
thyroid gland. (Folia Morphol 2023; 82, 2: 396–399)

anatomy variations

INTRODUCTION
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Figure 1. 

 
2 — upper thyroid branch; 3 — middle thyroid branch; 4 — lower thyroid branch; 5 — thymic branch; 6 — inferior thyroid artery; 7 —  
superior branch of inferior thyroid artery; 8 — inferior branch of inferior thyroid artery; 9 — inferior thyroid veins.
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DISCUSSION

rd

Figure 2. Thyroid ima artery replacing missing inferior thyroid arteries; RSTM — right sternothyroid muscle; Thr — thyroid gland; Thm — 
 

branch; 3 — thymic artery; 4 — right inferior thyroid branch; 5 — left inferior thyroid branch; 6 — thyrocervical trunk; 7 — suprascapular 
artery; 8 — transverse cervical artery; 9 — ascending cervical artery; 10 — right superior thyroid artery; 11 — left superior thyroid artery.
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duct in a 94-year-old male cadaver: a case report 
with discussion on embryology

1Department of Anatomy, Jagiellonian University Medical College, Krakow, Poland
2Department of Paediatric Cardiac Surgery, Jagiellonian University Medical College, Krakow, Poland

is distinguished by a retroesophageal descending aorta that subsequently travels 
down the right side of the thoracic vertebrae towards the aortic hiatus. Nonethe-
less, its embryological origin ought not to be overly generalised, but each case 
should be considered individually due to its unique vascular patterns. 
This study presents a description of a LCA in a 94-year-old male cadaver. The dis-
section revealed the descending aorta posteriorly from the trachea and oesophagus 
and then laterally on the right from the thoracic vertebral bodies. The branching 
pattern of the aortic arch was typical, so was the course of the left and right re-
current laryngeal nerves. However, the thoracic duct was placed on the right, and 
drained into the right internal carotid vein. Due to the normal appearance of the 
ascending part and the arch of the aorta, it is safe to presume that the variation 
originated from the persistent right dorsal aorta, with the retroesophageal part 
from the persistent left dorsal aorta. 
Detailed understanding of the variations of the thoracic aorta, and the anomalies 
associated with the LCA, can help to improve management of these conditions, 
and with that, improve patients’ overall outcomes. Patients with a LCA, or another 
vascular ring, can either be asymptomatic or present with oesophageal and/or 
tracheal compression symptoms. Management of this anomaly consists namely 
of ligation of the patent ductus arteriosus/ligamentum arteriosum and aortic 
uncrossing. (Folia Morphol 2023; 82, 2: 400–406)

anatomical variation
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Figure 1. A right-sided view on the posterior mediastinum; 1 — 
descending aorta; 2 — oesophagus; 3 — azygos vein; 4 — thorac-
ic duct; 5 — right internal jugular vein; 6 — right subclavian vein; 
7 — superior vena cava; 8 — left brachiocephalic vein; 9 — right 
brachiocephalic vein; 10 — ascending aorta; 11 — arch of aorta; 
12 — brachiocephalic trunk; 13 — right common carotid artery;  
14 — right subclavian artery; 15 — right internal thoracic artery; 
16 — right phrenic nerve and pericardiacophrenic vessels; 17 — 
right vagus nerve; 18 — diaphragm.

Figure 2. A right-sided view on the posterior mediastinum with the 
heart removed; 1 — descending aorta; 2 — oesophagus; 3 — right 
superior intercostal vein; 4 — azygos vein; 5 — thoracic duct; 6 — 
right internal jugular vein; 7 — right subclavian vein; 8 — brachio-
cephalic trunk; 9 — ascending aorta; 10 — right main bronchus.

Figure 3. An enlarged view on the left recurrent laryngeal nerve;  
1 — arch of aorta; 2 — left vagus nerve; 3 — left recurrent laryngeal 
nerve; 4 — left phrenic nerve; 5 — left pericardiacophrenic vessels.
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were anatomically normal.

Ethical concern

DISCUSSION

Figure 4. A right enlarged view on the posterior mediastinum; 1 — 
ascending aorta; 2 — brachiocephalic trunk; 3 — right common 
carotid artery; 4 — right subclavian artery; 5 — right vagus nerve;  
6 — right recurrent laryngeal nerve; 7 — right internal thoracic artery.

Figure 5. 
structures.

Table 1. The external diameter of the aorta and its major branches

The measurement point External  
diameter [mm]

Ascending aorta — at origin (oval in shape) 43.2 and 19.8

Aorta — at the junction with oesophagus 34.3

29.6

Brachiocephalic trunk — at origin 21.6

Brachiocephalic trunk — at the branching point 21.6

Left common carotid artery — at origin 11.6

Left subclavian artery — at origin 15.3
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muscle
, M. Pillay

1Department of Anatomy, Amrita School of Medicine, Amrita Institute of Medical Sciences,  
Amrita Vishwa Vidyapeetham, Kochi, Kerala, India
2Department of Anatomy, Faculty of Medicine, Kuwait University, Kuwait 

Muscular and neurovascular variations in the upper extremity are of utmost clinical 

and palm of an 89-year-old male cadaver. The accessory muscle presented two 
bellies on the right side, one in the forearm, innervated by the anterior interos-
seous nerve, and the other in the palm, innervated by a branch of the median 
nerve. A long tendon interconnected the two bellies. On the left side, the muscle 
had a single belly in the palm, which began at the end of a long tendon that 
extended from the forearm. However, on both sides, the muscle originated from 

digitorum muscles. The palmar bellies coursed distally through the carpal canal 

muscle, as reported before, but innervation of the proximal belly by the anterior 
interosseous nerve suggests that the muscle may well be a deep accessory mus-

profundus. Its space-occupying course through the forearm and palm, especially 

nerve compression pathologies in the upper extremity. This accessory muscle also 
indicates the complex nature of individual muscle formation and evolution of the 
upper extremity with constant changes in the morphology of muscles based on 
their changing functions. (Folia Morphol 2023; 82, 2: 407–411)

INTRODUCTION
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CASE REPORT

Figure 1. The accessory digastric muscle on the right forearm and hand of an 89-year-old male; A. The forearm (on the right side of the 

-
B. An enlarged view of the boxed area in panel A showing 

C. A diagrammatic representation of the accessory muscle, its PB and DB. 

P — proximal; D — distal; M — medial; L — lateral.

A

BC
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nerve. 

DISCUSSION

 

 

 

Figure 2. The accessory muscle (AM) on the left forearm (shown on the right side of the image) and hand (shown on the left side of the image) 
of an 89-year-old male; A.
coursed distally through the carpal canal to join a muscle belly which we called accessory muscle belly (AMB), which similar to that on the 

B. A diagrammatic representation of the AM depicting 

A

B
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Anatomical variation of quadratus plantae  
 

Department of Anatomical Sciences, Kerman University of Medical Sciences, Kerman, Iran

The quadratus plantae (QP) is considered as a part of the plantar intrinsic foot 
muscles. This muscle has two lateral and medial heads of origin, both of which 

digitorum longus (FDL). Various functions have been attributed to the QP muscle, 

the oblique pull of FDL and etc. Several anatomical variations of the QP muscle 
have been reported in the literature. During a routine dissection in the Department 
of Anatomy at Kerman University of Medical Sciences, a variant plantar muscle 
was observed in a 40-year-old male cadaver. In the present case, we report a rare 
variation associated with the insertion pattern of this muscle, which is reported for 

tendons and were then inserted to the inferior surface of 2nd, 3rd and 4th tendons 
of FDL. Also, a slim tendinous interconnection was also observed between the 

FHL tendons was the other rare variation of this case. Exact knowledge of the 
possible variations of the QP muscle is of utmost importance to foot surgeons, 
clinicians and also anatomists. (Folia Morphol 2023; 82, 2: 412–415)

INTRODUCTION
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nd rd and 4

DISCUSSION 

Figure 1. Photograph of foot dissection, the quadratus plantae  
 
 

 
-

vis; QP — quadratus plantae; QPT — quadratus plantae tendons;  
L — lumbrical; black arrowhead — tendinous interconnection; 
white arrowhead — medial plantar nerve.

Figure 2.  
 

QP — quadratus plantae; QPT — quadratus plantae tendons;  

L4 — fourth lumbrical.
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insertion pattern, and also its tendon was divided into 
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Bilateral accessory head of the adductor longus 
muscle: an anatomical case study

1Department of Anatomy, Jagiellonian University Medical College, Krakow, Poland
2Department of Histology, Cytophysiology and Embryology, Faculty of Medicine in Zabrze,  
University of Technology in Katowice, Zabrze, Poland

The adductor longus muscle, with its proximal origin at the pubic bone and distal 
at the linea aspera, is reported to be one of the most frequently injured groin 
muscles in contact sports, namely football or ice hockey. Notwithstanding, there 
is a scarcity of published works regarding the accessory heads of the adductor 

said variant.
The following study is a case report describing bilateral accessory heads of the 
adductor longus muscle in a 97-year-old female cadaver. A routine cadaveric 
dissection revealed two accessory heads on the right thigh and one on the left 
thigh of a donor with no known structural or pathological abnormalities of the 
proximal lower extremity. The anterior division of the obturator nerve provided 

pudendal, femoral vessels were responsible for the vascular supply to the accessory 
heads of the adductor longus.
Undoubtedly, extensive knowledge regarding the variant anatomy of the hip ad-
ductor muscles is of immense importance to physiotherapists and orthopaedists 
treating patients for their injury or complete tears. Nonetheless, there is little 
information regarding the accessory heads of the adductor longus in the existing 
literature (originating mostly from cadaveric studies) that requires further evalu-
ation in vivo to assess whether this variant might have an impact on a patient’s 
everyday life. (Folia Morphol 2023; 82, 2: 416–421)

orthopaedics, physiotherapy

INTRODUCTION



Adductor longus accessory head

CASE REPORT

 

 

 

 



Folia Morphol., 2023, Vol. 82, No. 2

Figure 1. A left accessory adductor longus head with its neural supply; 1 — adductor longus; 2 — adductor longus accessory head; 3 — 
obturator nerve (anterior division); 4 — branch of the obturator nerve to adductor brevis; 5 — branch of the obturator nerve to the adductor 
longus accessory head; 6 — branch of the obturator nerve to the adductor longus.

Figure 2. A left accessory adductor longus head with its vascular supply; 1 — adductor longus; 2 — adductor longus accessory head; 3 — 
femoral artery; 4 — branch from the deep femoral artery to the adductor longus and its accessory head.



Adductor longus accessory head

insertion points.

DISCUSSION

Figure 3. Two right accessory adductor longus heads; 1 — adductor longus; 2 — adductor longus lateral accessory head; 3 — adductor  
longus middle accessory head; 4 — gracilis muscle; 5 — femoral artery.
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A rare unreported bilateral thoracic muscle on 
the inferior and posteromedial aspect of the rib 
cage: case report and literature review

, C. Dean
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 

Thoracic wall muscles are essential for respiration. Few anatomical variations in 
thoracic wall muscles have been reported. Such variants must be considered dur-
ing surgical procedures that involve the thorax muscles. During routine dissection 
of a 65-year-old male cadaver as part of a fourth-year clinical anatomy elective, 
additional muscle strips were found in the inner and inferior aspect of the rib 
cage closer to the posteromedial body wall. The muscle consisted of two strips 

that radiated to insert on the transverse processes of the T11 and T12 vertebrae. 
The case report describes an unusual, novel medial thoracic wall muscle that has 
not been previously described in the literature. Variations in thoracic muscles can 
affect respiratory function and surgical interventions like chest tube placement 
and needle therapy for local anaesthesia, therefore, it is important for clinicians 
to be aware of such variants. (Folia Morphol 2023; 82, 2: 422–423)

INTRODUCTION
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MATERIALS AND METHODS

 

RESULTS

 intercostal vessels. 

DISCUSSION

 

CONCLUSIONS

 

and patient care.

None declared
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Figure 1. Novel thoracic muscle on the inferior and posteromedial 
aspect of the rib cage (dotted line); S — superior; M — medial; 
I — inferior; L — lateral.
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The “sand watch” mandible

1Division of Anatomy, Faculty of Dental Medicine, “Carol Davila” University of Medicine and Pharmacy, Bucharest, Romania
2“Carol Davila” Central Military Emergency University Hospital, Bucharest, Romania 
3Division of Restorative Odontotherapy, Bucharest, Romania
4Faculty of Dental Medicine, “Carol Davila” University of Medicine and Pharmacy, Bucharest, Romania 
5Division of Implant Prosthetic Therapy, Faculty of Dental Medicine, “Carol Davila” University of Medicine and Pharmacy,  
Bucharest, Romania 

The lingual surface of the mandible’s body is commonly indicated as presenting 
the submandibular and sublingual fossae, which are separated by the mylohyoid 
line. The mylohyoid line attaches to the mylohyoid muscle (MM). Less attention 
has been paid to the ‘mylohyoid boutonnières’, which allow the ‘sublingual 
buttons’ to pass through the mylohyoid muscle in the submandibular space. The 

anatomical studies. Two cases were found with unexpected morphologies of the 
mandible’s body — the mylohyoid lines were incomplete anteriorly, and herniated 
sublingual tissue determined an additional fossa inferior to that line in the premolar 
region. That fossa was termed the ‘accessory submandibular fossa’. It determined 
on coronal slices a ‘sand watch’ contour of the mandible’s body. With such  
a peculiar morphology, the mandible is more prone to fracture. Moreover, when 
inserting endosseous implants, the procedure should be carefully personalised in 
such rare cases. (Folia Morphol 2023; 82, 2: 424–428)

INTRODUCTION

MATERIALS AND METHODS
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DISCUSSION AND CONCLUSIONS

Figure 1. Internal view of a normal right hemimandible. Three- 
-dimensional computed tomography volume rendering; 1 — mylo-
hyoid line; 2 — sublingual fossa; 3 — submandibular fossa; 4 — 
digastric fossa; 5 — mental spine. 
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Figure 2. Case 1. The bilateral anomalous morphology of the “sand watch” mandible is documented on digital orthopantomogram (A), coronal 
cuts, 3-dimensional rendering (B, posterior view) and orthogonal (C, left side; D, right side), and complete 3-dimensional rendering (E, poste-
rior view). The arrowheads indicate the mental foramen, the arrows indicate the deep accessory submandibular fossae beneath the premolar 
alveoli. The 2nd

A

BC D

E
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personalised.

None declared

REFERENCES

.

Figure 3. Case 2. Three-dimensional renderings of the right (A) and 
left (B) hemimandible. Coronal cut through the accessory subman-
dibular fossa (C). Coronal cut at the level of the mental foramina — 
the “sand watch” aspect of the mandible (D); 1 — mylohyoid line; 
2 — submandibular fossa; 3 — accessory submandibular fossa; 
4 — bilateral sublingual buttons; 5 — mental foramina.
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Case report of the double-headed extensor 
hallucis longus

1Department of Anatomical Dissection and Donation, Medical University of Lodz, Poland
2Department of Neurosurgery, Tulane University School of Medicine, New Orleans, LA, United States
3Department of Neurosurgery and Ochsner Neuroscience Institute, Ochsner Health System,  
New Orleans, LA, United States
4Department of Anatomical Sciences, St. George’s University, Grenada, West Indies
5Department of Surgery, Tulane University School of Medicine, New Orleans, LA, United States
6Department of Normal and Clinical Anatomy, Medical University of Lodz, Poland

Background: We present a case report of double-headed extensor hallucis longus 

Materials and methods: Cadaveric dissection of the right lower limb of a 70-year- 
-old at death female was performed for research and teaching purposes at the 
Department of Anatomical Dissection and Donation, Medical University of Lodz. 

protocol. Each head and tendon of the muscle was photographed and subjected 
to further measurements.
Results: During dissection, an unusual type of EHL muscle was observed. It 
consisted of two muscle bellies, a main tendon and an accessory tendon. Both 

membrane. The main tendon insertion was located on the dorsal aspect of the 
base of the distal phalanx of the big toe, while the accessory tendon insertion 
was located medially.
Conclusions: The EHL muscle is highly morphologically variable at both the point 
of origin and the insertion. Knowledge of its variations is connected to several 
pathologies such as foot drop, tendonitis, tendon rupture, and anterior compart-
ment syndrome. (Folia Morphol 2023; 82, 2: 429–433)

INTRODUCTION
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CASE REPORT

ical Dissection and Donation, Medical University of 

 

tendon.

Figure 1. Supernumerary head of the extensor hallucis longus (EHL);  
EDL — extensor digitorum longus; TAT — tibialis anterior tendon; 
white star — main mussle belly; green star — additional muscle 
belly.
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A unilateral sternopharyngeal branch of 
the sternocleidomastoid muscle in an aged 
Caucasian male: a unique cadaveric report

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

The sternocleidomastoid muscle (SCM) consists of a sternal and a clavicular head 
which merge together and inserts distally posterolateral on the mastoid process 
and superior nuchal line, hence separating the anterior from the posterior triangle 
of the neck. Many types of structural variations in SCM have already been reported 
before. A unique variation of this muscle was discovered in an aged Caucasian 
male cadaver during an anatomical dissection at the Paracelsus Medical University 
in Nuremberg, Germany. 
This study reports a right unilateral accessory muscular branch at the sternal head 
of the SCM which formed a tendon on the level of omohyoid muscle before di-
viding into anterior and posterior fascicles. The posterior fascicle attached to the 
external carotid artery at the site where a common trunk for lingual and facial 
artery branched off, drawing external carotid artery inferiorly to build an inferior 
loop, whereas the anterior fascicle passed further superior and broadened to form 
a muscular belly. This superior muscular belly extended to the posterior and lateral 
side of the pharynx to ultimately merge into the superior constrictor pharyngeal 
muscle. Such anatomical variation has never been reported before. 
Therefore, we propose the nomenclature of this variational structure as a sterno-
pharyngeal branch of the SCM. This report helps not only to inform the clinicians 
regarding the possible variation of this muscle during surgical procedures or radi-
ological diagnostics but also encourage developmental researches in the future. 
(Folia Morphol 2023; 82, 2: 434–438)

variation
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Figure 1. A–D.
muscle (SCM) along the sternal head and the division into anterior and posterior tendinous fascicles. The anterior fascicle continues to form  

A. Anterolateral view of the neck. The sternal head of the SCM has been detached and moved to the lateral side.  
The proximal end of the sternohyoid muscle (SHM) has been folded towards the lateral side; B. Lateral view of the neck. The facial vein has 
been removed. The musculotendinous junction of the sternopharyngeal muscular branch held by forceps with a light pull inferiorly to develop 
strain in the two tendinous fascicles; C. Closer view of the superior carotid triangle. The distal part of the external carotid artery (ECA) has  

D. Retropharyngeal view of the right lateral side. Insertion 
 
-

cial artery; DM — digastric muscle; FA — facial artery; Fm — foramen magnum; GH — greater horn of the hyoid bone; HN — hypoglossal 
-

 
TG — thyroid gland.

A B

C D
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CONCLUSIONS

None declared

Figure 2. -
cle to form part of the superior constrictor pharyngeal muscle (red triangle). The inferior section of the muscle has been lifted and retracted to 
the lateral side; Ph — pharynx; GPN — glossopharyngeal nerve; GH — greater horn of the hyoid bone; SPM — stylopharyngeal muscle;  
Fm — foramen magnum.
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A new type of the coracobrachialis muscle

1Department of Anatomical Dissection and Donation, Medical University of Lodz, Poland
2Department of Orthopaedics Surgery, Hospital Santa Cristina, Madrid, Spain
3Department of Human Anatomy and Embryology, Facultad de Medicina, Universidad Complutense de Madrid, Spain
4Department of Neurosurgery, Tulane University School of Medicine, New Orleans, LA, United States
5Department of Neurosurgery and Ochsner Neuroscience Institute, Ochsner Health System,  
New Orleans, LA, United States
6Department of Anatomical Sciences, St. George’s University, Grenada, West Indies
7Department of Neurology, Tulane University School of Medicine, New Orleans, LA, United States
8Department of Structural and Cellular Biology, Tulane University School of Medicine, New Orleans, LA, United States
9Department of Surgery, Tulane University School of Medicine, New Orleans, LA, United States

The coracobrachialis muscle belongs to the anterior group of the brachial region. 

morphologically variable, especially in the number of bellies, place of origin or 
insertion, and its relationship to the musculocutaneous nerve. Accessory structures 
associated with the coracobrachialis muscle include the coracobrachialis brevis 
or coracobrachialis longus muscle. The present case describes a three-headed 
coracobrachialis muscle with two such additional structures. One of these has  
a tendinous origin connected to the periosteum and located on the surgical neck 
of the humerus. Its insertion is fused with the third head of the coracobrachia-
lis muscle. The other has a proximal attachment fused with the capsule of the 
shoulder joint, and its distal attachment is fused with the third head of the cora-
cobrachialis muscle in place of its connection with the short head of the biceps 
brachii. This could result in better stabilisation of the glenohumeral joint; on the 
other hand, it could limit operational access during treatment of subscapularis 
tears. (Folia Morphol 2023; 82, 2: 439–444)
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CASE REPORT

Figure 1. Unrecognized type of the coracobrachialis muscle; CP — 
coracoid process of the scapula; C — capsule of the humeral joint; 

-
cle; 2 —second head of the coracorabrachialis muscle; 3 — third 
head of the coracobrachialis muscle.
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Ethical approval and consent to participate

of Madrid. 

DISCUSSION

Table 1. Morphometric measurements of individual parts of the coracobrachialis muscle (CBM)

1st head  
of the CBM

2nd head  
of the CBM

3rd head  
of the CBM

1st additional 
structure

2nd additional 
structure

Length 72.60 mm 138.16 mm

CJ with the 
SHBB

Involved Involved Involved (but not involved 
in creation of the CJ)

Attached to the 
SHBB

Not involved

PA The coracoid process – –

Width 11.11 mm – –

Thickness 5.71 mm – –

PA

Localization: From the SHBB capsule of the surgical neck of shoulder joint the humerus

Width 4.11 mm 8.99 mm 4.34 mm 3.46 mm 1.57 mm

Thickness 1.40 mm 1.89 mm 1.59 mm 1.95 mm 0.35 mm

DA

Location: Anteromedial surface of the humerus Connected with the 3rd head of the CBM

Width 6.15 mm 7.81 mm 3.98 mm

Thickness 1.81 mm 3.46 mm 0.49 mm
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a displaced thoracic duct in a 94-year-old male 
cadaver: a case report with discussion on 
embryology”

All India Institute of Medical Sciences, New Delhi, India
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TBX1 is also reported to 
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Unreported bilateral thoracic muscle — is it  
a new variant or a well-known subcostal muscle?

1  

2Department of Anatomical Dissection and Donation, Chair of Anatomy and Histology, Medical University of Lodz, Poland
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