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Introduction 
The clivus, which was first named by Johannes 
Blumenbach, is the central part of the skull base that 
extends from the anterior part of the foramen magnum 
to the posterior clinoid process.[1–3] It divides the poste-
rior fossa from the nasopharynx and is made up of the 
posterior region of the body of the sphenoid bone and 
the basilar segment of the occipital bone.[4] The fusion of 
these bony parts starts in the second month of intrauter-
ine life and completes at the age of 16–20 years.[5] 

Clivus can be divided into three parts as upper (sellar 
clivus), middle (sphenoidal clivus), and lower (nasopha-
ryngeal) thirds. The upper and the middle thirds of the 
clivus are formed by the sphenoid bone, and the lower 
third is formed by the occipital bone.[6] 

Clivus is a complex skull base region which has close 
relationships with crucial neurovascular structures such 

as the brainstem, sellar region, and internal carotid arter-
ies.[3] In 1992, Samii and Knosp have written a book that 
reviewed the approaches to the clivus and the name of 
the book was “Approaches to the clivus: approaches to 
no man’s land.” Many different approaches to the clival 
region were defined in the last three decades and partic-
ularly with the technological advances in endoscopic 
surgery, the transnasal transsphenoidal endoscopic 
approach to the clivus maintains a good exposure for the 
tumors of this region.[3] 

Because of the restrictions of the clival region and its 
complicated relationships, detailed anatomical knowl-
edge plays a critical role in avoiding injury to these vital 
structures. In this study, the computed tomography (CT) 
anatomy of the region was analyzed for to provide data 
to conduct best pathways and safe zones for clival surg-
eries.  

The radiological anatomy of clivus for surgical 
approaches  

Tuğba Moralı Güler1 , Ömer Faruk Ünal2 , Gökmen Kahiloğulları3  
1Neurosurgery Unit, Private Medikar Hospital, Karabük, Türkiye  
2Radiology Unit, Private Medikar Hospital, Karabük, Türkiye 
3Department of Neurosurgery, Faculty of Medicine, Ankara University, Ankara, Türkiye
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Abstract 

Objectives: Clivus is the central part of the skull base that extends from the anterior part of the foramen magnum to the pos-
terior clinoid process. Clivus has close relationships with crucial neurovascular structures. The purpose of the study was to eval-
uate the anatomical relationships at the clival region on computed tomography (CT) images for to provide data to conduct best 
pathways and safe zones for clival surgeries.  

Methods: Brain and cervical CT images of 103 patients (48 female, 55 male; mean age: 63) were examined retrospectively. The 
length of the clivus at the sagittal plane, the width of the inferior and middle parts of the clivus at the midsagittal plane, and the 
distance between the internal carotid arteries at the sagittal plane in axial sections were measured.  

Results: The mean length of the clivus at the sagittal plane was 38.40±5.82 mm. The mean width of the inferior and middle 
parts of the clivus at the midsagittal plane was 6.67±1.45 mm and 10.32±1.66 mm, respectively. In axial sections, the mean dis-
tance between the internal carotid arteries was 22.10±03.42 mm in the sagittal plane.  

Conclusion: Knowing the dimensions of the clivus and the distance between the internal carotid arteries at the sagittal plane 
is important for a safe and successful clival surgery.  

Keywords: clivus; computed tomography; skull base  
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Materials and Methods 
Brain and cervical CT images of the 103 patients (48 
females and 55 males) were retrospectively analyzed 
between January 1, 2022 and December 31, 2022. The 
mean age of the patients was 63 (range: 1–92) years. The 
images were randomly selected from Radiology Unit of 
the Private Medikar Hospital. The CT images were taken 
with a CT device (General Electric VCT 128 Slice 
Scanner, Milwaukee, Wisconsin, USA) that had a collima-
tion of 1.25 mm, tube tension of 140 kV, and tube current 
of 240 mAs (with dosage modulation). 

The length of the clivus in the sagittal plane, the width 
of the inferior and middle parts of the clivus at the mid-
sagittal plane, the distance between the internal carotid 
arteries at the sagittal plane in axial sections were mea-
sured (Figure 1). The wide angle between the line extend-
ing across the anterior cranial fossa to the tip of the dor-
sum sella, and the line drawn along the posterior margin 
of the clivus was determined as basal angle and measured 
on sagittal images (Figure 2).  

The Shapiro–Wilk test was used to determine 
whether continuous variables had a normal distribution 
or not. The variables were represented as mean and stan-
dard deviation if they did not conform to the normal dis-
tribution and as median, minimum, and maximum values 
if they did not conform to the normal distribution. 
Mann–Whitney U test was employed to compare con-
tinuous variables between age and gender groups. 
Analyses were conducted using SPSS (Version 26.0, IBM 
Corp., Armonk, NY, USA). The significance level was 
set at 5%.  

Results 
The mean length of the clivus at the sagittal plane was 
38.40±5.82 (range: 13–52) mm. The mean width of the 
inferior part of the clivus at the midsagittal plane was 
6.67±1.45 (range: 3–50) mm. The mean width of the 
middle part of the clivus at the midsagittal plane was 
10.32±1.66 (range: 6–14) mm. The mean distance 
between the internal carotid arteries at the sagittal plane 
in axial sections was 22.10±3.42 (range: 10–28) mm. The 
mean basal angle was 118.08º±9.38º (range: 100–150º). 

The patients were divided into two age groups being 
≥18 years and <18 years. The mean distance between the 
internal carotid artery below the petrous apex and the 
width of the middle and inferior portions of the clivus, as 
well as the length of the clivus in the sagittal plane were 
all higher in the patients elder than 18 years (p<0.001, 
p<0.001, p=0.006 and p=0.002, respectively). However, 
there was no difference between the age groups based on 

the basal angle (p=0.945). The length of clivus at the sagit-
tal plane was found to be higher in males when compared 
with females (p=0.014), while the other measurements 
did not differ according to gender (p>0.05) (Table 1) 
(Figures 3–6). 

Discussion 
There are several congenital or acquired pathologies of the 
clivus, such as developmental anomalies, non-neoplastic 
and neoplastic lesions, inflammatory processes, and trau-

52 Moralı Güler T, Ünal ÖF, Kahiloğulları G

Anatomy • Volume 16 / Issue 2 / August 2022

Figure 1. The distance between the internal carotid arteries (yellow line) 
below the petrous apex in axial views.

Figure 2. The measurement of the basal angle (α).



matic lesions.[2–7] Surgical approaches directed for these 
pathologies of the clivus include subtemporal approach, 
suboccipital approach, oropharyngeal approach, and 
endonasal–endoscopic approach.[1,3,8] Traditional transcra-
nial approaches requires excessive brain retraction which 

may lead to complications such as brain edema, infarction, 
and hematoma.[1] With the developments in endoscopy, 
endonasal–endoscopic approaches for the pathologies of 
the clivus became a good alternative to transcranial meth-
ods as it does not require any brain retraction.  Endonasal–
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Figure 3. Distance between the internal carotid arteries below the 
petrous apex.

Table 1 
Statistically significant differences in the cerebellar volumes and cortical thickness between the depressed and control groups and  

the percentage differences.

Age Gender 

≤18 years >18 years Female Male 
(n=11) (n=92) (n=48) (n=55) 

The width of the middle part of the clivus (mm) 8 (6–12) 11 (7–14) 10.50 (7–14) 10(6–13) 

p<0.001 p=0.623 

The width of the inferior part of the clivus (mm) 5 (3–7) 7 (4–10) 7 (4–9) 6 (3–10) 

p<0.001 p=0.236 

Length of the clivus in the sagittal plane (mm) 27 (13–45) 39.50 (31–52) 38 (25–48) 40 (13–52) 

p=0.006 p=0.014 

The distance between the internal carotid arteries below 16 (10–26) 22 (14–28) 22 (14–26) 22 (10–28) 

the petrous apex (mm) p=0.002 p=0.141 

The basal angle 117 (111–137) 118 (100–150) 115 (100–150) 118 (103–149) 

p=0.945 p=0.326
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Figure 4. The length of the clivus at the midsaggital plane.

Figure 5. The width of the inferior part of the clivus. Figure 6. The width of the middle part of the clivus.

55 

50 

45 

40 

35 

30 

25 

20 

15 

10

Th
e 

le
ng

th
 o

f 
th

e 
cl

iv
us

 a
t 

th
e 

 
m

id
sa

gg
ita

l p
la

ne
 (

m
m

)

≤18 years >18 years

10 

9 

8 

7 

6 

5 

4 

3

Th
e 

w
id

th
 o

f 
th

e 
in

fe
rio

r 
pa

rt
  

of
 t

he
 c

liv
us

 (
m

m
) 

≤18 years >18 years

14 

13 

12 

11 

10 

9 

8 

7 

6

Th
e 

w
id

th
 o

f 
th

e 
m

id
dl

e 
pa

rt
  

of
 t

he
 c

liv
us

 (
m

m
) 

≤18 years >18 years



endoscopic approaches maintain the visualization of the 
deeper structures, a multi-perspective observation, and 
also a good exposure to the extradural parts of the 
lesions.[1,3] In this study, some essential morphometric 
measurements of the clivus were performed to be used 
during endoscopic surgery of the clivus. 

The anatomical relationships of the clival region 
must be known in details to provide a safe and effective 
endonasal–endoscopic approach. Cheng et al.[3]  empha-
sized the importance of the close relation of the clivus to 
the optic nerves, the internal carotid arteries, and the 
sub-petrosal sinuses during transclival surgeries. The 
cavernous part of the ICA is in close relation to the 
clivus. It is particularly important to know the mean dis-
tance between the internal carotid arteries during tran-
sclival surgery to prevent its vascular injury. The results 
of our study showed that the mean distance between the 
internal carotid arteries under the level of the petrous 
apex is 22.10±3.42 mm. The internal carotid arteries 
inferior to the petrous apex are separated by a distance 
that is more than twice the distance between the internal 
carotid arteries superior to the petrous apex, making it an 
important anatomical landmark.[3] Therefore, there is 
less restriction for the approaches inferior to the petrous 
apex, and this area is also appropriate for endoscopic 
surgery.[3] 

According to Wang et al.,[9] the full length of the 
clivus is 30.6–51.2 mm, with an average length of 
41.7±2.9 mm. In our study, it was 38.40±5.82 mm and 
also the length of clivus at the sagittal plane was shown 
to be higher in males and in the patient group older than 
18 years. 

In our study, the mean width of the middle and infe-
rior parts of the clivus was revealed as 10.32±1.66 and 
6.67±1.45 respectively. Because of the shape of the 
clivus, the thickness of the inferior and middle parts of 
the clivus varies. Knowing these dimensions are particu-
larly important for selection of suitable equipment dur-
ing the approaches directed to the brain stem. 

We suggest that knowing the basal angle is also 
important for endoscopic approaches.  According to 
Koenigsberg et al.[10] the basal angle was 105°–127° for 
adults and 104°–124° for children with the modified MR 
imaging technique. In our study, the mean basal angle 
was found as 118.08°±9.38°. The basal angle was used to 
be measured using plain radiographs, but with increasing 
use of MRI and CT, the measurements can now be done 
with greater accuracy and simplicity.[10] 

The major limitation of this study was the number of 
images included to the study. We suggest conducting 

further studies done in larger population and in more 
age groups.  

Conclusion 
Clivus surgery has some potential risks such as neurovas-
cular injuries including cranial nerves, internal carotid 
artery and injury to meninges, or directly injury to the 
brain. A detailed preoperative evaluation of the patient is 
necessary to avoid such complications. In particular, 
reconstructed CT images in addition to enhanced MR 
images should be examined carefully before surgery. The 
usage of technologically developed endoscopic tech-
niques maintains good surgical outcomes when com-
pared with traditional transcranial approaches for clival 
surgery, and the significance of anatomical knowledge 
still plays a major role in successful and safe surgery.  
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Introduction 
The carrying angle (CA) is the angle between the longi-
tudinal axes of the humerus and the radially deviated 
forearm in the anatomical position while the elbow is 
fully extended and supinated. CA is approximately 17°, 
but the absolute angle varies between individuals.[1] The 
CA varies depending on age and gender, and also it is 
considered as one of the secondary sex characteristics in 
the literature.[2,3] The CA difference according to gender 
may vary due to laxity of articular ligaments, larger 
breasts and wider pelvis in females.[4] In addition, there is 
no consensus in the literature whether the CA is greater 

on the right or left sides. While some studies mentioned 
lateralization, no consensus was reached about which 
dominant or non-dominant sides have a greater CA.[3,5,6] 
On the other hand, some studies reported that the CA 
does not differ between the sides.[4,6] Furthermore, in the 
foetal period, no difference was reported between CA of 
the right and left sides within both genders, but a signifi-
cant difference was found between genders.[7] 

The deltoid muscle arises from the shoulder girdle 
and attaches to the lateral surface of the humerus. The 
middle part of the deltoid muscle allows abduction of the 
arm and it is more effective at higher abduction angles. 

Relationship between the carrying angle and 
some other parameters related to muscle 
strength and endurance in healthy young adults  
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Abstract 

Objectives: The present study aimed to determine whether there is a relationship between carrying angle and some parame-
ters such as the middle part of the deltoid muscle strength, hand grip muscle strength, lateral bridge times and push-up repeats 
for both genders.  

Methods: This study was carried out on 100 (48 male, 52 female) university students aged between 18–30 years. Individuals 
with known chronic systemic disease, congenital or acquired anomaly of the skeletal system and a body mass index of 30 and 
above were excluded. Only right-handed participants were included to eliminate the confusion of dominance. The participants’ 
age, gender, height, body weight, and body mass index were recorded. The carrying angles were measured with a goniometer. 
The middle part of the deltoid muscle strength and hand grip strength measurements were used to evaluate muscle strength, 
and the lateral bridge test and push-up test were used for endurance. 

Results: A statistically significant difference was found between carrying angle values on the right and left sides in males 
(p=0.004), while there was no difference in the females (p=0.28). A statistically significant difference was found between the 
genders on the left carrying angle (p<0.001). A statistically significant difference was found in the total group and in both gen-
ders on middle part of the deltoid muscle strength and hand grip strength between the sides. In males, a significant positive cor-
relation was found between carrying angle and the middle part of the deltoid muscle strength (r=0.29, p=0.04) on the right side. 
In females, a significant negative correlation was found between carrying angle and the hand grip test (r=-0.29, p=0.04) on the 
left side. There was no significant correlation between carrying angles and other parameters in both genders.  

Conclusion: Our results suggest that the carrying angle may be related to the middle part of the deltoid muscle strength in 
males on the right side and lateral bridge test in females on the right side, even though they are weak. 
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The supraspinatus muscle has a synergistic effect on the 
deltoid muscle during the first 30º. The deltoid muscle 
stabilizes the humeral head during abduction.[8] Muscle 
strength may differ between genders because males usu-
ally have more muscle bulk, and also there are some phys-
iological differences between genders.[9,10] Leyk et al.[10] 
reported grip strength of the females is lower than the 
male counterparts. Upper extremity muscle strength is 
also affected by hand dominance. Also, many studies 
reported that the grip strength is more likely to be high-
er on the dominant side.[11–13] Patel and Verma[14] report-
ed that grip strength, an indicator of general muscle 
strength, moderately (Spearman’s rho between -0.494 
and -0.551) related to CA for both sides. The results of 
these authors indicate that while CA increases, grip 
strength decreases, and vice versa. The fact that upper 
extremity muscle strength and hand grip strength change 
with hand dominance may raise the question of whether 
there is a relationship with the CA. However, there is 
limited evidence regarding the relationships between the 
CA and upper extremity muscle strength or endurance. 

The core of the body includes the abdominals, 
paraspinals, gluteals, diaphragm, pelvic floor, and hip gir-
dle muscles. Core muscles are central to the functional 
kinetic chain and these muscles initially power all limb 
movements.[15] This muscle group provides the proximal 
stability for the distal mobility and function of the limbs.[16] 
Contraction of the abdominal muscles increases intra-
abdominal pressure, stabilizing the lumbar spine for pos-
tural support before limb movement. The thoracolumbar 
fascia connects the lower and upper extremities so that the 
core muscles are used in activities such as throwing.[16]  
Erickson et al.[17] conducted a study on baseball players in 
which they evaluated the CA. In their study, they reported 
that the mean CA was statistically significantly different 
(p<0.001) in the throwing arm (12.5°±4.2°) compared to 
the other arm (9.9°±2.8°).  

The core muscles can be evaluated with different 
tests. Static muscular endurance is based on the ability to 
sustain a contraction and can be measured through tests 
such as flexor endurance, lateral bridge and back extensor 
tests.[18,19] The push-up exercise is one of the exercises 
used to develop upper body and upper arm muscular 
endurance. The total number of push-ups is a parameter 
used as an indicator of upper-arm and shoulder girdle 
strength and endurance.[19] Although we couldn’t find 
strong evidence regarding the relationships of the CA and 
core muscle or shoulder endurance in the literature, core 
and shoulder endurance seems to be related to upper 
extremity movements and positions. Considering all of 
these, the present study aimed to investigate whether 

there is a relationship between CA and some parameters 
related to muscle strength, shoulder and body endurance.  

Materials and Methods 
This study was carried out on 100 (48 males, 52 females) 
university students aged between 18-30. Individuals with 
known chronic systemic disease, congenital or acquired 
anomaly of the skeletal system or a history of trauma and 
individuals with a body mass index of 30 and above were 
excluded. The dominant hand was determined as inquired 
by asking the hand used for writing, and only right-hand-
ed participants were included in the study.[20]  

First, the individuals participating in the study signed 
an informed consent form. The participants’ age, gender, 
height, body weight, and body mass index (BMI) were 
recorded in a structured data recording form. While the 
participants were standing in an anatomical position with 
their upper extremities fully extended and supinated, the 
carrying angles were measured with a goniometer 
(Baseline Stainless Steel Goniometer, USA) as stated in 
literature.[2]  

The upper extremities were evaluated by measuring 
the middle part of the deltoid muscle strength and hand 
grip strength. And push-up and lateral bridge tests were 
assessed for endurance. The middle part of the deltoid 
muscle strength of the participants was measured by using 
maximal voluntary isometric contractions (make test) with 
a hand-held dynamometer (Lafayette 12–0380 Manual 
Muscle Tester, Lafayette, IN, USA) and a belt which 
attached to a stable table.[21] Participants were asked to sit 
upright on a bed with 90° abduction and forearm prona-
tion and to push the arm to the belt toward the hand-held 
dynamometer. The evaluation was performed with both 
upper extremities. A 30-second rest was provided between 
each measurement. Three measurements were performed 
and the highest result was used in the analysis. 

Hand grip strength was measured with the Jamar hand 
dynamometer (Jamar®, Patterson Medical, Warrenville, 
IL, USA). Testing was started with the dominant extremi-
ty.[22] Measurements were made in a sitting position with 
the shoulder in adduction and neutral rotation, elbow in 
90° flexion, forearm in mid-rotation, and wrist in neu-
tral.[23] Participants were asked to squeeze the dynamome-
ter arm as strongly as possible and verbally encouraged 
during testing until the highest score was observed on the 
dynamometer screen. Three measurements were per-
formed with 30-second breaks between each measurement, 
and the highest value was used in the analysis.[22–24] 

The lateral bridge test, a static endurance test of the 
lateral trunk muscles, was used to evaluate the endurance 
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of the trunk muscles.[18] Participants were asked to main-
tain the position for the maximum time by raising their 
bodies flat on their toes with lower elbows and forearms 
while in the side-lying position. The time until the deteri-
oration of the position was recorded in seconds. 

The push-up test was used in males and the modified 
push-up test was used in females to measure the 
endurance of the arm and shoulder girdle muscles. The 
participants were asked to lift their heads, shoulders and 
trunk from the ground with the elbows in full extension 
from a prone position on the bed with their arms and 
elbows flexed.[25] The test was performed with full exten-
sion of the trunk and lower extremities in males and with 
trunk extension and knee flexion in females. The 
abdomen was not allowed to touch the mat during the 
assessment and participants were asked to keep the 
straight position of their back at all times. The test was 
stopped when the participants were unable to maintain 
their position. The maximum number of push-ups per-
formed in a row without rest for one minute was used in 
the analysis.[26] 

In addition, gender groups were divided into two 
groups as cases with the CA below and above the mean 
value. Muscle strengths and endurances in these two 
groups were compared with an independent samples test. 

The statistical analysis was performed using SPSS 
(Version 25.0, IBM Corp., Armonk, NY, USA). The con-
formity to normal distribution was examined using the 

Shapiro-Wilk test. Mean and standard deviations of the 
parameters were obtained according to gender groups and 
right and left sides. Sides and gender groups were com-
pared using the t-test, and non-conforming groups were 
evaluated using the Mann-Whitney U test. The correla-
tion between measurements was evaluated with the 
Pearson correlation test. The statistical significance level 
was determined as p<0.05. 

Results 
In our study, 100 people (48 males, 52 females) were eval-
uated in a young population. The mean, standard devia-
tion and p values of demographic data, CA, the middle 
part of deltoid muscle strength, grip strength, lateral 
bridge and push-up tests are shown in Table 1.  

Statistically significant differences were found in the 
parameters between the genders except for age and right 
carrying angles (Table 1). There was no statistically sig-
nificant difference between the right and left sides of the 
whole group CA (p=0.10). However, there was a statisti-
cally significant difference between CA values on the right 
and left sides in males (p=0.004), while there was no differ-
ence in the females (p=0.28) (Table 1). Middle part of the 
deltoid muscle strength and hand grip strength between 
the sides, a statistically significant difference was observed 
in the total group and in both genders (Table 1). In com-
paring the lateral bridge test between the sides, no statisti-
cally significant difference was detected in the whole group 

Table 1 
Comparison of demographic characteristics, carrying angle and other parameters according to genders and right/left sides.

 Male Female Total p-values p-values 
(n=48) (n=52) (n=100) for gender for side  

Mean±SD Mean±SD Mean±SD comparison comparison 

Age (year) 19.54±1.11 19.96±1.04 19.76±1.09 0.055 - 

Height (cm) 178.45±5.07 163.69±5.67 170.78±9.15 <0.001* - 

Weight (kg) 75.38±13.07 57.86±9.30 66.27±14.24 <0.001* - 

BMI (kg/m2) 23.64±3.82 21.57±3.08 22.56±3.59 0.004† - 

Carrying angle (°) Right 22.06±3.22 23.19±2.77 22.65±3.03 0.064 male p=0.004† 

Left 20.64±3.09 23.55±2.38 22.16±3.10 <0.001* female p=0.28 

Middle part of the deltoid Right 17.75±6.23 10.38±2.10 13.92±5.86 <0.001* male p=0.026†  
muscle strength (kg) Left 16.83±5.75 9.73±2.06 13.14±5.53 <0.001* female p=0.001† 

Grip strength (kg) Right 39.62±6.69 23.71±4.27 31.34±9.71 <0.001* male p=0.004† 

Left 37.46±7.41 21.68±3.50 29.25±9.75 <0.001* female p<0.001*  

Lateral bridge test (sec) Right 59.08±23.61 37.96±18.75 48.10±23.63 <0.001* male p=0.33 

Left 56.74±24.66 38.10±19.55 47.05±23.94 <0.001* female p=0.94  

Push-up test (repeat) 20.62±11.21 15.67±6.52 18.05±9.37 0.009† - 

*p<0.001, †p<0.005. BMI: Body mass index.
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and in both genders. Males had higher push-up counts 
than females (Table 1, p=0.009). The correlations between 
the parameters are shown in Table 2 according to the sides 
for both genders.  

In males, a significant positive correlation was found 
between CA and the middle part of the deltoid muscle 
strength (r=0.29, p=0.04) on the right side. In females, a 
significant negative correlation was found between CA 
and the hand grip test (r=-0.29, p=0.04) on the left side. 
There was no significant correlation between carrying 
angles and other parameters in both genders.  

In addition, gender groups were divided into cases 
with the CA below and above the mean value. Muscle 
strengths and endurances belonging to these two groups 
were compared. In males, there was a significant differ-
ence in the group’s middle part of the deltoid muscle 
strength with a large CA on the right side (p=0.003). The 
male group with larger CA also had a stronger middle 
part of the deltoid muscle on the right side. There was no 
significant difference between the male groups in other 
parameters. In females, there was a significant difference 
between the larger and smaller CA groups; the lateral 
bridge test results were higher in the group with a small-
er CA (p=0.03) on the right side. There was no significant 
difference between other parameters in females.  

Discussion 
Studies in the literature reported that the CA varies 
according to age, gender, dominant hand side, and body 
characteristics such as weight and height. In our study, 
we investigated whether the CA is related to muscle 
strength and endurance. 

Numerous studies have reported that the CA is sta-
tistically significantly larger in females than males.[2,4,6,27] 
It was even described as a gender-specific factor. 
Erdoğan and Malas[7] reported that males had greater CA 
than females in the fetal period. Another study reported 

that the CA was greater in males aged between 3–5.[3] On 
the other hand, studies also reported no difference 
between genders.[28,29] In our study, there was a signifi-
cant difference between genders only in the left side CA 
(p<0.001). CA of the dominant side (right side) were 
similar in both genders. 

Studies in the literature reported that the CA is larg-
er on the right side.[3,27] In some studies, the dominant 
hand was questioned and they reported that the CA was 
larger on the dominant side.[17,30,31] Another study 
revealed that the CA is larger on the non-dominant 
side.[5] However, studies also report no difference 
between the CA of both sides.[4,6,29] In our study, left-
hand dominant individuals were excluded. There was no 
difference between the right and left sides on the CA in 
the whole group, regardless of gender (p=0.10). When 
the CA of the right and left sides of male individuals 
were compared, a significant difference was found 
(p=0.004), but not in females (p=0.28). This result is sim-
ilar to a study conducted on professional baseball players, 
where the CA on the dominant side was measured larg-
er than on the non-dominant side.[17] In contrast, there 
was a significant difference between males and females 
on the left side CA (p<0.001) but not on the right side 
(p=0.064). The studies in the literature do not seem to 
have a consensus on which side has a larger CA.  

CA was weak and positively correlated to the middle 
part of the deltoid muscle strength in males in the pre-
sent study (r=0.29, p=0.044). However, the correlation 
between the CA and the hand grip test on the right side 
was not statistically significant different (r=0.28, 
p=0.052) in males. According to these results, there was 
not a strong relationship between the CA and the 
strength of the upper extremity muscles. This study can 
be taken further by measuring the strength of different 
muscles on the dominant side belonging to the upper 
extremity. Also, it would be useful to make the measure-

Table 2 
Correlations betweven carrying angle and other parameters (r).

 Middle part of the deltoid Lateral  
muscle strength Grip strength bridge test  

Gender Sides Right Left Right Left Right Left Push-up test 

Male Right CA (⁰) 0.29* 0.28 -0.21 0.16 

Left CA (⁰) 0.11 0.15 -0.06 -0.06 

Female Right CA (⁰) 0.12 -0.09 -0.08 0.18 

Left CA (⁰) 0.19 -0.29* -0.03 -0.07 

*p<0.05.
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ments on a more significant number of subjects to clari-
fy these correlations. 

When comparing two groups with CA below and 
above, the mean value in both genders, in males’ middle 
part of the deltoid muscle strength was higher in the group 
with a larger CA on the right side (p=0.003). In females, 
the lateral bridge test results were higher in the group with 
a smaller CA (p=0.003). This result might be interpreted 
as a significant functional relationship between CA and the 
middle part of the deltoid muscle strength and between 
CA and body endurance on the right (dominant) side.  

In a retrospective study comparing individuals with lat-
eral epicondylitis and the control group, it was reported 
that there was a significant difference in CA. Lateral epi-
condylitis was found to be associated with the dominant 
side. In addition, increased CA has been reported to be 
associated with lateral epicondylitis. It has been stated that, 
it may contribute to the etiology of lateral epicondylitis by 
increasing the extensor carpi radialis brevis tendon ten-
sion.[32] In our study, a significant relationship between the 
middle part of the deltoid muscle strength and CA was 
determined. The middle part of deltoid muscle strength 
and hand grip strength were evaluated to give an idea about 
upper extremity muscle strength in general. It seems that 
the CA may be related to various upper extremity muscles. 
Examination of the relationship between the other upper 
extremity muscle strengths and the CA may give an idea 
about which muscles may have an effect on the CA.  

Conclusion 
In our study, we aimed to understand whether muscle 
strength and endurance affect the CA. A statistically sig-
nificant difference was observed in the total group and in 
both genders on middle part of the deltoid muscle 
strength and hand grip strength between the sides. In 
males, a significant positive correlation was found 
between CA and middle part of the deltoid muscle 
strength (r=0.29, p=0.04) on the right side. In females, a 
significant negative correlation was found between CA 
and the hand grip test (r=-0.29, p=0.04) on the left side. 
Although these correlation values were statistically sig-
nificant, they were weak. Prospective studies may pro-
vide more detailed information about whether the 
change in muscle strength affects the CA. Examination 
of the relationship between the other upper extremity 
muscle strengths and the CA may provide insight into 
which muscles may affect the CA. 
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Introduction 
Hamate is a cuneiform bone with its special unciform pro-
cess called as hook of hamate projecting from distal part of 
the palmar surface.[1] Hamate articulates with triquetrum, 
4th and 5th metacarpal bones, and also with the ulnar side 
of the capitate. The hook of hamate projects from the volar 
side 1–2 cm distally and radially to the pisiform bone. It 
forms the ulnar side of the carpal tunnel and the radial side 
of Guyon’s canal. Its ossification is not completed until the 
age of 15.[2] Several structures attach to the hook of hamate 
such as pisohamate ligament and transverse carpal liga-
ment. Hamate is prone to subluxation and fractures 
because of its weak blood supply. Biomechanical factors, 
such as ligaments and muscles attaching to the bone can 
lead to fractures and subluxations. Blood supply may affect 
fracture healing (union-non-union procedure) and occur-
ring avascular necrosis after trauma.[3]  

Micro-computed tomography (Micro-CT) is a valuable 
method for the investigation of bone morphometry and 
microarchitecture. This method uses data sets obtained by 

X-ray attenuation for the 3-dimensional representation of 
material density. In this era resolution of micro-CT 
devices has increased up to several micrometers.[4] 

The literature reveals some pathological cases such as 
fractures,[5–8] avascular necrosis,[9–11] osteoblastoma,[12,13] 
osteochondroma,[14,15] and osteomyelitis[16] related to 
hamate. Hamate fractures occur in the body and hamulus 
parts of the bone. Both types of fractures are character-
ized by pain felt on the ulnar side of the wrist, which may 
be associated with ulnar paresthesia. Delayed diagnosis of 
the fracture may cause ulnar neuritis, ulnar artery throm-
bosis, and rupture of the flexor digitorum profundus ten-
dons of 4th and 5th fingers.[17] 

Clinical CT and micro-CT can be used to determine 
the bone microstructure. Studies have shown that all the 
values that can be measured with clinical CT can be mea-
sured more precisely with micro-CT. However, despite 
of the high resolution of micro-CT, its ability to scan 
only small parts that can be placed in its chamber makes 
it impossible to use it in a clinical setting.[18] This study 
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aimed to explore the trabecular microstructure of human 
dry hamates using micro-CT scanning method.  

Materials and Methods 
Fifty-five human dry hamates without any external defor-
mity were included in the study. The bones were obtained 
from collections of Anatomy Departments of Hacettepe 
and Ankara Universities in Turkey. Scanning and analysis 
were executed via micro-CT device (SkyScan 1174, 
SkyScan, Aartselaar, Belgium) at Hacettepe University. 
The scanning parameters were set as follows: degree of 
rotation=180º, exposure time=2700 milliseconds, curren-
cy= 800 mA, voltage= 50 kVp, projection= 33 μm and scan-
ning time= 90 minutes.  

After the scanning procedure, the raw data in TFT for-
mat were reconstructed with Nrecon software (Micro 
Photonics Inc., Allentown, PA, USA) and axial images were 
generated in BMP format with 33 μm of projection. Then 
these reconstructed data were transferred to CTAn soft-
ware and 2D–3D analysis was performed with this soft-
ware. In this study we studied 2 groups of parameters; (i) 
volume-surface and (ii) trabecular properties. In the vol-
ume-surface group, we examined the following parameters: 
tissue volume, bone volume, percent bone volume (bone 
volume/tissue volume), bone surface, bone surface/volume 
ratio; while in the trabecular group we examined trabecular 
number, trabecular thickness, trabecular separation, struc-
ture model index and degree of anisotropy. 

Statistical analysis was performed with IBM SPSS 
Statistics Version 23.0 (Armonk, NY, USA) with 95 % con-
fidence interval. The distribution of variables (whether nor-
mally distributed or not) was tested via the Kolmogorov-
Smirnov test.  

Results 
The measurements were performed on 3D reconstruction 
images of the hamates (Figures 1 and 2). The average per-
centage of bone volume was 44.930±5.859%. There was 
high range in the average percentage of bone volume rang-
ing between 29.65–60.78%. While the mean trabecular 
thickness was 0.350±0.056 mm, the average number of tra-
beculae for each mm was 1.31±0.15. The average value for 
the trabecular separation, which indicates the mean space 
between trabeculae, was 0.570±0.087 mm. For trabecular 
number, trabecular thickness, and trabecular separation 
values, there was an up to two-fold difference between the 
minimum and maximum values (Table 1). While the sam-
ples showed a wide scatter in terms of structure-model 
index, the samples were much more homogeneous in 
terms of degree of anisotropy. 

Discussion 
Bone strength is an important factor for implant treat-
ment. This factor is related to bone integration. In some 
studies, a relationship is observed between bone quality 
and the success of implant treatment.[19,20] Bone mass, 
bone mineral density, macro and microarchitecture, and 
matrix properties are some of the factors which deter-
mine bone quality. Cortical bone is the primary determi-
nant of bone robustness while the spongy bone is part of 
bone-implant integration. Information of trabecular 
bone structure has some importance for the success of 
implant treatment and further evaluation of implant sur-
face architecture. Bone/implant integration is dependent 
upon the bone quality and bone/implant interphase.[21] 
Trabecular bone is the determinant of bone integration 
and forms the bone/implant interphase. For this reason, 
the trabecular bone structure should be researched to 
obtain objective and detailed scientific information. Lee 
et al.[22] scanned bones that had 4 different quality levels 
with the micro-CT device and revealed a statistically 
important relationship between bone quality and bone 
volume density, bone surface/volume ratio. Also, statisti-
cally significant correlations were observed between all 
the parameters. For this reason, in addition to trabecular 
parameters (trabecular thickness, number, and separa-
tion, structure-model index, degree of anisotropy) some 
other parameters (tissue volume, bone surface, bone vol-
ume, bone surface/volume ratio, percentage bone vol-
ume) which are affected by trabecular structure were also 
examined in the present study. 

Tissue volume represents both volumes of bone tis-
sue and spaces between these bone tissues while bone 
volume includes the only volume of bony structure but 
not spaces between these structures. Tissue volume and 
bone volume were observed as 2526.120±604.615 mm3 
and 1137.100±318.973 mm3 subsequently in this study. 

Figure 1. Trabecular structure of hamate.
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Percentage bone volume is the ratio of bone volume to 
tissue volume and was observed as 44.930±5.859% in our 
study. Previous studies have revealed data belonging to 
other carpal bones regarding bone and tissue volumes 
but since each carpal bone has a different dimension, it is 
quite an expected result that these bones will have differ-
ent volume. So, it is not logical to compare these bones 
with each other in terms of volumes. 

The bone surface represents the surface of trabeculae in 
inspected area. In our study the mean bone surface was 
measured as 12149.250±3738.144 mm2. Trabecular num-
ber and thickness are parameters that change proportion-
ately with the bone surface. Wurnig et al.[23] measured tra-
becular number and thickness as 2.24±0.46 mm-1 and 
0.229±0.032 mm for cadaveric hamates. In our study, these 
values were 1.31±0.150 mm-1 and 0.35±0.056 mm for dry 

Figure 2. Trabecular number, trabecular thickness, and trabecular separation of different hamates (a-d).

a b

c d
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hamates subsequently. The bone surface/volume ratio rep-
resents the proportion of bone surface in the bone volume 
of the region of interest. Bone surface is also affected by 
trabecular number and thickness. In the aforementioned 
study[23] bone surface and bone surface/volume ratio 
parameters were not measured. Although it is not possible 
to judge the difference of the bone surface and bone sur-
face/volume ratio with our study precisely, it is clear that 
none of these values (trabecular thickness and number) 
shows difference when compared with our study.  

The trabecular number is the number of trabeculae 
that are observed in each mm of the sample. The higher 
number of trabeculae contributes positively to bone 
strength. We observed this value as 1.310±0.150 mm-1 
while Wurnig et al.[23] as 2.24±0.46 mm-1. In different 
studies, researchers compared normal carpal bones in 
various pathological conditions. Han et al.[24] compared 
normal lunates with those lunates which had Kienböck’s 
disease, and they measured trabecular number as 
1.57±0.41 mm-1 for normal lunates. Nufer et al.[25] stud-
ied normal trapezium and trapezium bones with 
osteoarthritis. The trabecular number was revealed as 
1.26±0.18 mm-1 for non-pathological trapezium bones. 
Qu et al.[26] evaluated normal scaphoids and non-union 
scaphoids. They measured trabecular numbers for prox-
imal and distal parts as 0.08±0.04 mm-1 and 0.07±0.05 
mm-1 for normal specimens. It is known that bone 
strength changes proportionately with the trabecular 
number. Accordingly, it is possible to order the strength 
of the bones as lunate, hamate, trapezium, and scaphoid 
in terms of decreasing bone strength.  

Trabecular thickness is the mean thickness of trabecu-
lae in inspected area. Bone strength increases with higher 
trabecular thickness values. The trabecular thickness was 

revealed as 0.35±0.056 mm in our study. Wurnig et al.[23] 
found this value as 229±32 μm (0.229±0.032 mm) and Han 
et al.[24] as 0.160±0.024 mm for normal lunates. Nufer et 
al.[25] measured the trabecular thickness as 0.17±0.02 mm 
for normal trapezia; while Wurnig et al.[23] measured 
0.220±0.036 mm for normal scaphoids. Increasing trabec-
ular thickness is a factor that contributes to bone strength 
positively. When the bone strength is compared in terms of 
trabecular thickness the strength order will be in decreas-
ing order as hamate, scaphoid, trapezium, and lunate. 

Trabecular separation is a measure of the mean dis-
tance between trabeculae.[23] When trabecular number 
and thickness increase trabecular separation decreases 
and the behavior of these 3 parameters in this manner 
would increase the bone strength. In conclusion, the 
higher value of trabecular separation means the lower 
strength of the bone. In our study, the trabecular separa-
tion value was measured as 0.57±0.087 mm. Han et al.[24] 
revealed this value as 0.52±0.21 mm for lunates, Nufer et 
al.[25] 0.74±0.18 mm for trapezia, Qu et al.[26] as 0.33±0.04 
mm (for proximal part) and 0.33±0.05 mm (for distal 
part) for scaphoids. In terms of trabecular separation, the 
bones can be ordered as the scaphoid, lunate, hamate, 
and trapezium in decreasing order of bone strength.  

By the results of our study and other studies, it may 
be quite possible to judge differently when only one 
parameter is considered for determination of strength of 
the bone. For the diagnosis of some metabolic diseases 
such as osteoporosis and design of implant treatment for 
bone fractures, it is vital to consider multiple parameters 
to choose the correct treatment. And it is necessary to 
compare the results between samples whether they are 
statistically important or not.  

Table 1  
Results of the measurements (n=55).

Mean±SD Min.−Max.  

Tissue volume (mm3) 2526.12±604.615 1432.99–4358.62 

Bone volume (mm3) 1137.10±318.973 540.46–1987.47 

Percentage bone volume (%) 44.93±5.859 29.65–60.78 

Bone surface (mm2) 12149.25±3738.144 6266.40–20443.43 

Bone surface/volume ratio (mm-1) 10.78±2.006 7.78–17.38 

Trabecular number (mm-1) 1.31±0.150 0.90–1.61 

Trabecular thickness (mm) 0.35±0.056 0.23–0.49 

Trabecular seperation (mm) 0.57±0.087 0.38–0.83 

Structure-model index -0.12±0.638 -1.40–1.05 

Degree of anisotropy 1.30±0.093 1.13–1.49
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Structure-model index is a trabeculae related factor. 
This factor may have -4, -3, 0, 3 and 4 values. “-4” and 
“-3” values correspond to spherical and cylindrical cavi-
ties while 0, 3 and 4 values represent smooth plate, cylin-
drical and spherical trabeculae. In our study, we mea-
sured the mean structure-model index as -0.12±0.638. 
These results indicate that our hamates had smooth 
plate-like trabeculae. Wurnig et al.[23] didn’t study this 
parameter in their study. Han et al.[24] showed this value 
as 1.99±0.31 for normal lunates, Nufer et. al.[25] 
1.35±0.44 for normal trapezia and Qu et al.[26] 0.63±0.74 
and 0.63±1.00 for proximal and distal parts of normal 
scaphoids. These results indicate that all the mentioned 
carpal bones together with hamate have smooth trabec-
ulae. Change of structure-model index shows the chang-
ing pattern of trabeculae. For instance, Qu et al.[26] com-
pared normal scaphoids with non-union scaphoids and 
observed that the latter has a higher value of structure-
model index at its distal part. They also observed that the 
trabecular shape of the distal part resembled a cylinder in 
contrast to the proximal part’s trabeculae. However, 
proximal part has a lower SMI showing its plate-like 
appearance, which is also an indicator of dense trabecu-
lar structure and stronger bone. The plate-like trabecu-
lar structure is a result of higher mechanical stress while 
the cylindrical shape is a result of lower mechanical 
stress. In conclusion, it can be said that hamates may be 
exposed to high mechanical stress.  

Degree of anisotropy is a representation of trabecular 
distribution in the region of interest. If it is equal to 1 it 
means an isotropic trabecular distribution (alignment 
along the same axes) exists but values greater than 1 show 
anisotropic distribution. In this study, this value is mea-
sured as 1.30±0.093. This result shows us that our 
hamate samples have an anisotropic trabeculae distribu-
tion. Wurnig et al.[23] measured this value as 1.56±0.08. 
In previous studies, degree of anisotropy was revealed as 
0.44±0.86 for lunates[24] and 1.28 ±0.04 for trapezia.[25] 
Accordingly, we can conclude that hamates and trapezia 
have an anisotropic trabeculae distribution in contrast to 
lunates which have an isotropic distribution. The degree 
of anisotropy is a measure of bone adaptation to the 
changing conditions of the structure-model index. For 
instance, Han et al.[24] observed that in the case of pro-
gressing bone necrosis, nonnecrotic bony tissue changes 
its trabecular distribution towards anisotropic in 
response to compressive stress. So, it is important to be 
aware of changing pattern of trabecular distribution due 
to different conditions. 

Bone quality is so important for screw implantation 
and lower bone quality affects screw stability in a negative 

manner.[27] For this reason, it is vital to evaluate the tra-
becular structure that has important effects on bone qual-
ity and strength. It is stated that the bone reorganizes its 
trabecular structure as a response to increasing force load 
in the affected region.[28] Accordingly, a carpal bone with 
an inner position, attached structures (muscles, ligaments, 
etc.), and microarchitecture would respond to different 
physiological and pathological conditions in a special 
manner. So, each bone should be evaluated by considering 
its position relative to other bones. For instance Mc Lean 
et al.[29] observed 2 types of distinct joints between tri-
quetrum and hamate which were named as TqH-1 and 
TqH-2 respectively depending on articular surfaces of tri-
quetrum and hamate. In another study, it was revealed 
that depending on the joint surfaces of triquetrum and 
hamate, a rotational motion occurs instead of helicoidal 
movement that refers to a saddle joint.[30] So in addition to 
anatomical properties, functional properties should be 
considered for any medical intervention on carpal bones. 
In addition to relative positions of the carpal bones, the 
intrinsic structural dynamics of individual bones should 
also be evaluated for a proper localization of screws. For 
instance, in a study documenting the differences of bone 
volume-surface and trabecular properties between differ-
ent quadrants of scaphoid bone, no differences in terms of 
bone quality and density between these 4 quadrants was 
noted.[31] The vascular supply of the carpal bones is anoth-
er factor affecting the healing process. Hamate is noted to 
have two regions of vascular entry and without intraosseus 
anastomoses. This type of vascular supply pattern puts 
hamate in a low risk group for developing avascular necro-
sis.[32] Another factor that might have a role in healing pro-
cess could be the bone age. The analysis of images 
obtained by CT of the carpal bones is a valid method in 
the evaluation of bone maturity in children. Choi et al.[33] 
stated that capitohamate (CH) planimetry could be a reli-
able method for determining bone age. Determining the 
normal anatomy of the carpal bones will also help to 
determine the most appropriate parameters in the clinic 
for treating wrist pathologies.[33–35] 

Our aim in this study was to define the trabecular struc-
ture of hamate, which is one of the parameters affecting the 
bone strength. Trabecular number, thickness, separation, 
structure-model index, and degree of anisotropy can be 
regarded among other factors. Examining only the dry 
bones and inability to identify the age and genders of the 
samples are two big limitations of our study. Therefore, we 
suggest carrying out new studies comparing dry bones with 
cadaveric specimens and trabecular structure changes in 
different pathological conditions together with the vascu-
lature of hamate. 



Conclusion 
It is obvious that hamate bone has sufficient strength for 
screw implantation in terms of trabecular thickness and 
number, but weaker in terms of trabecular separation 
when compared with other carpal bones. Hamate has the 
greatest trabecular thickness among the other carpal 
bones, while it is ranked as the second in terms of trabec-
ular number. In terms of trabecular separation, the carpal 
bones can be ordered as the scaphoid, lunate, hamate, and 
trapezium in decreasing order of bone strength. 
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Introduction 
Nasolacrimal duct (NLD) is located in maxilla and ante-
rior to the maxillary sinus. The NLD is a bony canal con-
taining a mucous membrane. This mucous membrane 
continues proximally and forms the lacrimal sac.[1] The 
NLD begins to form with the thickening of the ectoderm 
in the groove between the maxillary and nasal ridges at 
about the 5th week of pregnancy and this process is com-
pleted at birth.[2] The mucous membrane than extends 
from lacrimal sac and opens into inferior nasal meatus 
within the bony NLD. The most common pathology of 
lacrimal system is obstruction of the NLD. The obstruc-
tion can be congenital or acquired. Acquired NLD 
obstruction is classified as primary or secondary. 
Although primary acquired NLD obstruction could be 
caused by various reasons, it was reported that volume of 

the NLD may be one of the important factors.[3,4] 
Moreover, NLD obstruction could be listed as an impor-
tant reason of epiphora.[5] Treatment protocols must be 
selected according to the shape and trajectory of NLD. 
However, surgeons should be aware about anatomical 
differences among various population to achieve success-
ful results of surgeries. Therefore, comparisons of NLD 
volume between different populations were reported in 
previous studies.[4,6−9] 

Maxillary sinus, the largest paranasal sinus, is located 
in body of the maxilla.[1] This sinus begins to form at the 
17th gestational week and is visible at birth. However, its 
development continues after birth until 18−20 ages.[10] It 
has different variations which can be related with 
sinonasal pathologies.[11] Furthermore, nasal septum 
deviation could decrease ventilation and development of 
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maxillary sinus.[12] It was demonstrated that an excessive 
nasal septum deviation could block the osteomeatal com-
plex and effect development of the maxillary sinus.[13] 

Additionally, a recent study demonstrated that nasal sep-
tum deviation could increase the risk of development 
maxillary sinusitis.[14] A previous study evaluated effects 
of craniometric features on NLD morphometry in 
healthy participants.[15] An another clinical study com-
pared the NLD’s morphometric properties between 
healthy and primary acquired NLD obstruction 
patients.[16] On the other hand, since the inferior wall of 
maxillary sinus is formed by a thin cortical bone layer, it 
is in close relation with the roots of maxillary molar 
teeth. Tooth extraction or missing teeth may change the 
volume of maxillary sinus by time.[17,18] 

The clinical studies were mostly focused on mucous 
canal pathologies of the NLD, however, we hypothesize 
that the morphometric properties of bony part of the 
NLD may also effect on the pathological conditions. 
Therefore, the aim of this study was to evaluate morpho-
metric properties of the bony NLD and duct and its rela-
tionship with nasal septum and maxillary sinus using 
three-dimensional paranasal sinus computed tomography.   

Materials and Methods 
Computed tomography (CT) images of paranasal sinuses 
belonging to 244 patients were analyzed. Patients with neo-
plasia, infection, trauma or previous paranasal surgery were 
excluded. Accordingly, paranasal CT images of 115 healthy 
individuals (39 women; 76 men) were included to the study. 
The mean age of women was 40.08±15.27 (range: 20−76) 
years, while of men was 38.58±13.57 (range: 20−79) years. 
CT image series were reconstructed three-dimensionally 
using free licensed Osirix-Lite software.  

Three-dimensional paranasal sinus CTs were per-
formed with a 64 slice detector CT scanner (Toshiba 
Aquillon 64, Otawara, Japan). The collimation had a 
slice thickness of 1 mm, 0.8 mm spacing and a pitch of 
1.0, 120 kV (peak) and 150 effective mA s. All partici-
pants’ CT image series were obtained from the picture 
archiving and communication system (PACS) of the 
Balikesir University Hospital. All measurement were 
completed by a 15-year experienced radiologist and a 10-
year experienced anatomist using Osirix-Lite software 
(Pixmeo, SARL, Switzerland).  

All CT procedures were completed while the partici-
pants were in supine position. To standardize measure-
ments, hard palate was arranged parallel to transverse sec-
tion and all parameters were measured according to this 
position. The anteroposterior cranial distance was meau-

red from the tip of nasal bone to the external occipital pro-
tuberance in sagittal sections (Figure 1). For calculating 
maxillary sinus volume, a region of interest (ROI) was cre-
ated by drawing borders of the maxillary sinus using pen-
cil function of Osirix-Lite software in axial sections. Then, 
the volume of selected ROI was calculated (Figure 2). 
This process was repeated separately for right and left 
sides. The same volume calculation protocol was used for 
calculating NLD volume bilaterally (Figure 3). The devi-
ation in the nasal septum was classified according to 
MLADINA classification system in coronal sections.[19] 
(Figure 4) Additionally, the maxillary dental status of par-
ticipants were grouped as; complete and missing. Then 
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Figure 1. Anteroposterior cranial distance from tip of the nasal bone to 
the externa occipital protuberance.

Figure 2. Selecting region of interest (ROI) for calculating maxillary sinus 
volume.



the volume of maxillary sinus between two groups were 
compared. 

Statistical analysis was performed with SPSS (Version 
26, Armonk, NY, USA) with 95% confidence interval. All 
variables were investigated using histograms and probabil-
ity plots. Kolmogorov-Smirnov and Shapiro-Wilk test 
was used to define whether the variables distributed nor-
mally or not. The student’s t-test was used for normally 
distributed variables, and Mann-Whitney U test was used 
for non-normally distributed variables for comparison 
between genders. Pearson or Spearman’s rho correlation 
analyses were performed according to suitability of values’ 
distributions. Paired sample t-test or Wilcoxon test were 
used for comparing right and left sides. One-way ANOVA 
or Kruskal-Wallis tests were used for comparing variables 
between the groups with nasal septum deviation.   

Results 
The results of the measurements were summarized in 
Table 1. 

The maxillary sinus volume had a wide range between 
6.84 cm3 and 35.85 cm3. The mean volume of maxillary 
sinus was 16.41±4.53 (range: 6.84–24.15) cm3 in women, 
while it was 20.85±5.97 (range: 10.02–35.85) cm3 in men 
on the right side. The mean volume of the sinus was 
15.98±4.37 (range: 7.64–22.99) cm3 in women, while it was 
20.35±5.91 (range: 8.85–34.75) cm3 in men on the left side.   

The NLD volume was 0.23±0.07 (range: 0.1–0.49) cm3 
in women, while it was 0.25±0.08 (range: 0.11–0.5) cm3 in 

men on the right side. It was 0.23±0.09 cm3 (range: 0.11–
0.5) in women, while it was 0.24±0.08 (range: 0.12–0.53) 
cm3 in men on the left side.  

After evaluating nasal septum classification according 
to MLADINA classification,[19] our results demonstrated 
that 12 of the participants (10.4%) had no septal devia-
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Figure 3. Selecting region of interest (ROI) for calculating the volume of 
nasolacrimal duct (arrows).

Figure 4. MLADINA classification[19] of nasal septum deviation in coronal section.

Type 1 Type 2 Type 3

Type 4 Type 5 Type 7



tion. Type 1, type 2, type 3, type 4, type 5 and type 7 
nasal septum deviations were seen in 9 (7.8%), 9 (7.8%), 
34 (29.6%), 29 (25.2%), 17 (14.8%) and 5 (4.3%) of the 
participants, respectively. It was seen that none of partic-
ipants had type 6 nasal septum deviation in our study.  

After volume of right and left maxillary sinus evaluat-
ed within genders, it was seen that there was no signifi-
cant differences between right and left maxillary sinus in 
women and men (p=0.149 in women; p=0.117 in men). 
Maxillary sinus was larger in men than women on right 
side (p<0.001) and left side (p<0.001). Maxillary sinus 
volume comparison between right and left sides without 
regarding gender, showed that right maxillary sinus was 
larger than left maxillary sinus (p<0.05). 

Correlation analyses between maxillary sinus volume 
and age showed no significant correlations between vol-
ume of maxillary sinus and age of participants on both 
sides (right side p=0.16; left side p=0.8). 

The volume of right and left NLDs demonstrated no 
significant differences in women (p=0.399) and in men 
(p=0.134). Furthermore, volume of the NLD had no sig-
nificant differences on both sides between genders (right 
side p=0.413; left side p=0.485). Besides that, NLD volume 
comparison between right and left sides without regarding 
gender, it was demonstrated that there was no significant 
difference between right and left sides (p=0.093). 

Correlation analyses between NLD volume and age of 
participants demonstrated no significant correlation on 
both side (right side p 0.368; left side p=0.707). Men had 
longer anteroposterior cranial distance than women 
(p<0.05). However, maxillary sinus volume had no signifi-
cant correlation with anteroposterior cranial diameter in 
women (right side p=0.171; left side p=0.131) and in men 
(right side p=0.229; left side p=0.068). Furthermore, cor-

relations between anteroposterior cranial distance and 
maxillary sinus volumes without regarding genders, it was 
seen that there were significant correlations on both sides 
(right side r= 0.376, p<0.001; left side r=0.37, p<0.001). 

The NLD volumes had no significant correlations 
with anteroposterior cranial distance on both sides in 
women (right side p=0.693; left side p=0.561) and men 
(right side p=0.153; left side p=0.411). Beside these, cor-
relations between anteroposterior cranial distance and 
NLD volumes without regarding genders showed that 
there was no significant correlation on both sides (right 
side p=0.06; left side p=0.1). 

The correlations between maxillary sinus and NLD 
volumes showed a significant correlation between maxil-
lary sinus and NLD volumes in men on both sides (right 
side r=0.277, p<0.05; left side r=0.241, p<0.05). Evaluating 
correlations between maxillary sinus and NLD volumes 
without regarding genders demonstrated that there was a 
significant correlation between maxillary sinus and NLD 
volumes on the right side (r=0.244, p<0.05). 

The relation nasal septum deviation groups with 
maxillary and NLD volumes demonstrated no signifi-
cant difference between nasal septum classification 
group and maxillary sinus volume on both sides (right 
side p=0.591; left side p=0.527). Furthermore, there was 
no significant difference between nasal septum deviation 
group and NLD volume on both sides (right p=0.949; 
left side p=0.694). No significant difference was found 
between dental status of the participants and gender 
groups (p<0.05). 

Discussion 
The main purpose of this study was to evaluate the mor-
phometric properties of the bony NLD, maxillary sinus 
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Table 1  
Summary of the results.

Gender n Mean±SD Min. Max. 

Anteroposterior cranial distance (cm) Women 39 17.50±0.66 16.43 19.15 

Men 76 18.45±0.67 16.88 19.90 

Volume of right maxillary sinus (cm³) Women 39 16.41±4.53 6.84 24.15 

Men 76 20.85±5.97 10.02 35.85 

Volume of left maxillary sinus (cm³) Women 39 15.98±4.37 7.64 22.99 

Men 76 20.35±5.91 8.85 34.75 

Volume of right NLD (cm³) Women 39 0.23±0.07 0.10 0.49 

Men 76 0.25±0.08 0.11 0.50 

Volume of left NLD (cm³) Women 39 0.23±0.09 0.11 0.50 

Men 76 0.24±0.08 0.12 0.53 

NLD: nasolacrimal duct.



and their relations with nasal septum. We included par-
ticipants older than 20 years in the current study since 
these structures complete development at about 18-19 
years of age.[10] Additionally, we investigated effects of 
age and anteroposterior cranial distance on the anatom-
ical characteristics of these structures. 

Our results demonstrated that age had no effect on 
morphometric properties on the bony NLD and maxillary 
sinus. Furthermore, anteroposterior cranial distance had 
no significant effect on anatomy of bony NLD and maxil-
lary sinus, as well. We expected some possible effects of 
nasal septum deviation on bony NLD and maxillary sinus 
morphometry, but our results demonstrated that it had no 
significant effect on the morphometry of these structures. 
We also questioned whether morphometric properties of 
maxillary sinus and bony NLD could affect each other. 
Our results showed a positive and statistically significant 
correlation between these structures in men.  

With development of endoscopic surgical techniques, 
endoscopic resection is widely used for the treatment of 
sinonasal tumors. The NLD could be damaged or opened 
carefully during sinus surgeries.[20,21] Furthermore, treat-
ment of congenital or acquired obstructions is commonly 
focused by physicians.[22−26] Recent morphometric studies 
mainly focused on patients who had any pathology in their 
lacrimal system.[27−31] A clinical study revealed that patients 
with primary acquired NLD obstruction had narrower 
duct than healthy participants, although there were no 
morphometric differences between obstructed side and 
non-obstructed side.[16] The structural characteristics of 
the lacrimal system were also examined in healthy partici-
pants or cadavers.[9,32−37] In a previous study on patients 
with or without osteomeatal complex variations demon-
strated that the NLD volume was higher in presence of 
variations such as agger nasi, concha bullosa and pneuma-
tized uncinate process.[38] This study suggested that not 
only pathologies, but also anatomical variations should be 
considered while planning surgeries. It was demonstrated 
that morphometric properties of proximal end of the 
NLD had significant positive correlation with anteropos-
terior distance of cranium.[15] This result indicated that 
types and morphometric properties of cranium could be 
the key factor for determining surgical techniques for 
treatment of NLD obstructions. 

Pneumatization of maxillary sinus is depended on 
various factors such as tooth extraction. Pathological 
tooth loss may also effect maxillary sinus volume. 
Inferior wall of maxillary sinus may collapse into the 
alveolar spaces at region of missing teeth, therefore sinus 
volume increases.[39−41] However, our results did not 
demonstrate any significant effect of missing teeth on 

the maxillary sinus volume. Nevertheless, our results 
may not indicate a precise result since we had limited 
data about dental status of participants. 

There are anatomical studies that evaluated maxillary 
sinus morphometry in relation with the presence of nasal 
septum deviation.[42−45] Furthermore, other studies focused 
on relationship between nasal septum deviations and max-
illary sinus pathologies.[13,14,46−48] However, effects of nasal 
septum deviation on NLD were investigated mainly on 
patients with NLD obstruction.[49−53] In our study, we 
examined the morphometric characteristic of NLD in 
relation with nasal septum deviation in participants who 
had no NLD obstruction, therefore, it may be useful for 
surgeons while deciding surgical technique for treatment 
of any pathology in NLD or maxillary sinus. Thus, the risk 
of unexpected iatrogenic injuries may be avoided and 
recovery period could be shorter. 

Since this study was designed as a retrospective study, 
participants’ body measurement data such as height, 
weight, body mass index could not be evaluated. Although 
we evaluated maxillary sinus volumes with dental status, 
our results may not demonstrate a precise result, since we 
did not have any data about for how long and why the par-
ticipants lost their teeth.  

Conclusion 
Our results demonstrated morphometric relations between 
maxillary sinus and NLD which may be important and 
helpful for physicians during an accurate diagnosis and 
planning surgical techniques. Comparing our results with 
clinical studies may contribute to selecting criteria for an 
ideal surgical technique. Thus, it may improve post-oper-
ative life quality of patients who would need surgery 
against paranasal sinuses and NLD, as well. 
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Introduction 
Total anomalous pulmonary venous connection 
(TAPVC) is a spectrum of cardiac anomalies that occurs 
when all of the pulmonary veins drain to a structure 
other than the left atrium.[1] The pulmonary veins return 
either to one of the systemic veins such as the brachio-
cephalic vein, ductus venosus, hepatic vein, the coronary 
sinus, or directly to the right atrium. In this pathology, 
there is a complete mixture of pulmonary and systemic 
venous return in the right atrium and an obligate right to 
left atrial shunting to sustain life.[2] There are multiple 
anatomical subtypes, and the presentation and outcomes 
are largely influenced by any point of obstruction to the 
pulmonary venous return to the heart. The aim of the 

present study was to document the anatomical subtypes 
of this pathology since it is critical in the surgical and 
medical management of this disease.  

Materials and Methods 
This retrospective study was conducted at a paediatric heart 
center, between February 2019 and December 2021. The 
study included twenty-seven patients who underwent 
intracardiac repair of total anomalous pulmonary venous 
connection.  

Data including age, sex, type of TAPVC, surgical 
technique, preoperative right ventricle systolic pressure, 
oxygen saturation at the arrival of the hospital, duration 
of cardiopulmonary bypass (CPB) and cross-clamp (CC) 
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time, postoperative pulmonary artery pressure, duration 
of inotropic support, duration of ventilation, duration of 
stay in the intensive care unit (ICU), duration of stay in 
hospital as well as mortality rate, was all retrieved from 
the institutional databases and medical records of the 
patients. 

Interquartile range (IQR) was used to express contin-
uous data, whereas frequency and percentages were used 
to represent categorical variables. A p-value of less than 
0.05 was considered statistically significant for all statisti-
cal analyses, which were carried out using the SPSS for 
Windows (Version 25.0, IBM Corp., Armonk, NY, USA).  

Results 
The mean age (day) of the patients were found to be 
159.37±411.29 (range: 7.00−2160) days, the mean weight 
(g) of patients was 4756.67±2988.78 g, the mean of CC 
time (minutes) was 55.85±23.23 (range: 32−173) and the 
CPB time (minutes) mean was 96.74±37.12 (range: 41− 
226) minutes. 

Mean oxygen saturation (%) of the patients at the 
arrival of the hospital was 84.89±7.98 (range: 60−96). The 
mean preoperative right ventricular systolic pressure 
(RVSP), mechanical ventilation time and inotropic support 
time was 63.59±27.37 (range: 25−150), 69.59±76.78 
(range: 12−360), and 69.59±74.42 (range: 12−360) minutes 
respectively.  

Finally, the mean postoperative oxygen saturation (%) 
of the patients was 93.07±.08 (range: 80−100), and the 
mean postoperative pulmonary artery pressure (PAB) was 
27.59±12.94 (range: 17−85) mmHg. 

Nine of the twenty-seven patients (33.3%) had suprac-
ardiac type, 11 of 27 patients (40.7%) had cardiac type, 6 
of 27 patients (22.2%) had infracardiac type and 1 of 27 
patients (3.7%) had mixed type anomaly. 

Mortality was seen in seven patients (25.9%). Two of 
these patients (28.6%) had supracardiac type, 2 of 7 
patients (28.6%) had cardiac type, 2 of 7 patients (28.6%) 
had infracardiac type and 1 of 7 patients (14.3%) had mixed 
type anomaly. 

The distribution of the patients according to the num-
ber of inotropes that they received was as follows: seven 
patients (25.9%) received 2 types, 12 patients (44.4%) 
received 3 types, 8 patients (29.6%) received 4 types of 
inotropes. 

Only three patients (11.1%) needed extracorporeal 
membrane oxygenator (ECMO). One of these 3 patients 
(33.3%) had supracardiac type, and the remaining two 
patients (66.7%) had infracardiac type anomaly. 

Discussion 
TAPVC is a rare cardiac anomaly seen in 7/100,000 live 
births.[3] It constitutes approximately 1% of all congenital 
heart diseases.[4] It can be found as an isolated cardiac 
defect or accompany other diseases. Accompanying car-
diac lesions (heterotaxy syndrome, atrial isomerism, 
anatomical lesions with single ventricular physiology, etc.) 
are associated with the severity of the disease and poor 
prognosis.[5] Most patients do not have a family history of 
congenital heart disease, but case reports showing that it is 
seen in siblings and first-degree relatives have been 
described in the literature. In the case series published by 
Lucas et al.,[6] TAPVC opening into the portal vein was 
found to be more common in men (3.6:1). There is no 
known environmental fetal factor for TAPVC. 

The failure of all pulmonary veins to separate from 
the splanchnic venous system and the concomitant left-
ward placement of the atrial septum, are thought to be 
the primary defect in the formation of TAPVC. 
Unilateral formation of the defect throughout develop-
ment results in partial pulmonary venous return anoma-
ly, and its occurrence in later stages results in common 
pulmonary vein atresia, cor triatriatum or abnormal 
union of the common vein with the left atrium, resulting 
in congenital pulmonary vein stenosis and an abnormal 
number of pulmonary veins.[7−10] 

TAPVC consists of four anatomical subtypes: suprac-
ardiac, cardiac, infracardiac and mixed type, where the 
supracardiac type accounts for approximately 45% of all 
cases. All pulmonary veins form a sac and this common 
sac drains through the vertical vein into the brachy-
cephalic vein, superior vena cava or azygos vein. This 
vertical vein typically courses anterior to the left pul-
monary artery and enters the systemic venous circula-
tion.[2] Although supracardiac TAPVCs are nonobstruc-
tive, obstruction can occur at two main points. In 40% of 
supracardiac TAPVCs, the vertical vein passes between 
the left pulmonary artery and the left pulmonary 
bronchus, and creates a stenosis. The second possible 
site of obstruction occurs where the vertical vein opens 
directly into the superior vena cava (SVC) or azygos 
vein, and may cause obstruction at different levels. The 
innominate vein and SVC are enlarged due to increased 
blood flow.[1,2] In our study 33.3% of the patients had 
supracardiac type anomaly. 

Infracardiac TAPVC accounts for 25% of all cases and 
is the most common type of obstruction. After the pul-
monary veins open into the common venous sac, they 
open into the ductus venosus, hepatic artery, inferior vena 
cava or portal vein at a level below the diaphragm via the 
vertical vein. Since the ductus venosus begins to regress 
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with birth, it causes obstruction that develops over time. In 
cases without stenosis, pulmonary venous return comes to 
the right side of the heart via the inferior vena cava (IVC) 
and passes through the patent foramen ovale (PFO) to 
reach the left side of the heart.[2] In our study, 22.2% of the 
patients had an infracardiac type anomaly. 

Cardiac TAPVC occurs in approximately 20% of all 
cases. The common venous sac opens into the right atri-
um via the coronary sinus, which is dilated. In some 
cases, it can open directly into the right atrium. These 
cases are usually associated with heterotaxy syndrome 
and complex cardiac malformations. Oxygenated blood 
enters the left atrium via the PFO and this type of 
TAPVC is the least obstructed type. In our study, 40.7% 
of the patients had cardiac type anomaly. 

The mixed type TAPVC is the rarest type of TAPVC, 
occurring in approximately 5% of patients. Such patients 
present in a severe and often severe form. Accurate preop-
erative diagnosis and clear anatomical definition are criti-
cal in planning the surgical strategy in these patients. The 
confusion in the diagnosis is usually due to the wide 
anatomical variations in mixed type TAPVC.[11] In our 
study 3.7% of the patients had mixt type anomaly. 

At least fifteen different anatomical variations have 
been described. The most common form is the type in 
which the left upper lobe lung drains into the left vertical 
vein and all the remaining venous drainage of the lung into 
the coronary sinus. In the other most common form, the 
entire right lung drains into the coronary sinus, while the 
left lung drains into the vertical vein.[12] Chowdhury et 
al.[12] basically classified mix type TAPVCs into three gen-
eral groups. Two by two pattern, three by one pattern and 
the bizarre pattern. The most common anatomical config-
uration is the latter, followed by 2 by 2, and the least com-
mon is the bizarre pattern. Obstruction occurs in approx-
imately 40% of mixed-type TAPVCs. 

In patients with TAPVC, obstructed or non-obstruct-
ed pulmonary venous drainage or the degree of obstruc-
tion dramatically changes the neonatal presentation of the 
disease. In patients with junctional obstruction, the main 
presentation is profound hypoxia and pulmonary hyper-
tension. This pulmonary hypertension can sometimes be 
thought of as a persistence of the fetal circulation. X-ray 
radiograph shows pulmonary edema without car-
diomegaly. The risk of developing circulatory collapse is 
high in patients with insufficient mixing at the atrium 
level. These patients may need ECMO until the correct 
diagnosis is made and surgical correction is made. 
Obstructed TAPVC is a surgical emergency. In non-
obstructive types, varying degrees of desaturation are seen 
in the presence of heart failure and cardiomegaly; this is 

due to the wide left-right shunt. In some cases, the diag-
nosis is missed in the neonatal period.[11,12] 

Two-dimensional echocardiography (ECHO) is suffi-
cient to demonstrate anatomy in most TAPVC patients. 
Cardiac catheterization is rarely needed: in fact, it is often 
avoided as it may delay corrective cardiac surgery. 
Magnetic resonance and tomographic angiography may 
be useful for understanding the anatomy of the pulmonary 
connection. After diagnosis, surgical correction should be 
performed without delay for obstructed and non-
obstructed TAPVCs. Because the disease does not have 
the potential to regress and palliative medical strategies do 
not provide an effective solution. Prostaglandins can be 
used to maintain ductal patency and provide systemic cir-
culation, but they have no place in the correction of 
hypoxia or in the treatment of resistant acidosis. Similarly, 
nitric oxide is not effective in increasing oxygenation. 
Mueller performed the first surgical correction of 
TAPVC with pulmonary venous sac and left atrial 
appendage anastomosis in 1951, without using a car-
diopulmonary bypass. In 1956, Lewis and Varco made the 
first complete correction of TAPVC, using the inflow 
occlusion technique. In the same year, Kirklin performed 
a TAPVC repair using cardiopulmonary bypass. Although 
all correction surgeries are performed using cardiopul-
monary bypass today, there are surgical and central differ-
ences between the techniques.[13,14] 

Patients with pulmonary venous obstruction should 
be operated immediately as soon as the diagnosis is 
made. Non-obstructive cases should be operated within 
the first two months. In patients with non-obstructive 
pulmonary venous connections, medical treatment is 
given for right ventricular failure, hypoxia and conges-
tive heart failure. These patients are provided with 
inotropic support, effective diuresis and avoidance of 
high oxygen, as it reduces pulmonary vascular resistance 
and increases pulmonary congestion. Medical treatments 
are limited in obstructive type TAPVC. These patients 
are frequently intubated, the goal being to create respi-
ratory alkalosis by keeping partial CO2 levels below 30 
mmHg. These reasons generally require hyperventila-
tion with 100% oxygen. To prevent metabolic acidosis, 
together with sodium bicarbonate, an inotrope is used to 
support ventricular functions and effective diuresis is 
provided for the treatment of pulmonary edema. In 
patients with insufficient right-left shunt, cardiac output 
is increased by increasing duct patency, by starting 
prostaglandin-E1. In some centers, cardiac catheteriza-
tion is performed in patients with obstructive type 
TAPVC, both for diagnostic procedures and for pallia-
tion. These interventions are dilation of the restricted 
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atrial septum with balloon atrial septostomy and stenting 
of the obstructed vertical vein.[9,15,16] 

In surgical repair of supracardiac TAPVC, the verti-
cal vein is ligated through the innominate vein or SVC 
junction, freeing it from the surrounding tissues. In the 
presence of severe preoperative obstruction, sometimes 
leaving the vertical vein open may be beneficial for the 
prevention of postoperative pulmonary hypertension, 
but re-intervention may be required after significant 
residual left-right shunt. A horizontal incision is made in 
the posterior wall of the left atrium and the pulmonary 
venous sac, and these two structures are anastomosed to 
each other as wide as possible. The most critical factor 
here is proper anastomosis of the pulmonary veins with-
out distortion to ensure long-term patency.[9]  

In surgical repair of cardiac TAPVC, there is a verti-
cal vein opening into the coronary sinus. The atrial sep-
tal defect (ASD) is first expanded towards the coronary 
sinus. An unroofed coronary sinus is created. If there is 
stenosis in the opening of the coronary sinus to the pul-
monary venous sac, this area is widened and the stenosis 
is relieved. The large interatrial defect formed is closed 
with a patch, leaving the coronary sinus and pulmonary 
venous drainage to the left of the septum. In cases where 
the TAPVC opens into the right atrium, pulmonary 
venous drainage is diverted to the left atrium via the 
PFO by baffle.[9] 

In infracardiac TAPVC, the vertical vein is typically 
extrapericardial and passes through the esophageal hiatus 
into the abdomen. The pulmonary venous sac extends 
vertically in a Y shape. When the pulmonary venous sac is 
reached, the vertical vein is ligated. After the pouch is 
opened with a vertical and Y-shaped incision, the supradi-
aphragmatic portion of the vertical vein is segmented and 
used to widen the left atrial anastomosis.[9,17] 

The most common type of mixed type TAPVC is the 
type in which three veins drain posterior to the junction 
of the pulmonary veins and one drains separately into the 
systemic venous system. The repair is often in the form 
of establishing the connection of the left atrium to the 
pulmonary venous sac. Sometimes a single pulmonary 
vein that opens into the systemic veins can be left in 
place to prevent postoperative stenosis.[17] 

Pulmonary hypertension may complicate the postop-
erative period in newborns with TAPVC, especially in 
patients with pulmonary venous obstruction in the pre-
operative period. There may be a need for nitric oxide 
during separation from CPB. Even in advanced cases, 
ECMO support may be needed due to failure to exit the 
CPB. In our study only 3 (11.1%) patients needed 
ECMO. 

It is very important that there is no residual stenosis 
in the pulmonary venous anastomosis in these patients. 
In some cases, pulmonary hypertension may persist 
despite a non-obstructed anastomosis. In these patients, 
lymphangiectasias can be seen in lung biopsies. It is 
thought that the most important factor causing this situ-
ation is exposure to long-term pulmonary venous hyper-
tension in the intrauterine period. These patients usual-
ly have diffused small pulmonary veins that are detected 
intraoperatively.[13,18] 

Conclusion 
TAPVC is a set of congenital cardiac defects with a wide 
range of anatomical characteristics that are linked by a 
shared pathophysiology, mostly determined by the pres-
ence or absence of pulmonary venous obstruction. An 
early diagnosis makes proper preoperative treatment and 
surgical correction easier.  
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Introduction 
The importance of the orientation of the joint line of the 
knee joint has been demonstrated in many clinical stud-
ies.[1,2] Defining the joint line is crucial in terms of clinical 
outcomes in lower extremity alignment surgeries. The 
importance of restoration of the knee joint line in total 
knee replacement and revision knee replacement surgeries 
has also been emphasized in many studies. It has been 
reported that a change of more than 4 mm in the joint line 
will affect the clinical outcome.[3−6] Particularly determin-
ing the intraoperative joint line is an important challenge 
for surgeons while operating patients with bone loss and 
osteolysis. In general, the joint line is evaluated radiologi-
cally during preoperative planning. In this evaluation pro-
cess, certain anatomical bony landmarks are marked and 
the level of the joint line is calculated, and efforts are made 
to place the femoral and tibial components in accordance 
with the normal joint line during the operation. It has 

been reported that bony landmarks are reliable and wide-
ly used in determining the joint line during revision knee 
replacement surgery.[7−9] 

The distances between the bony landmarks and the 
joint line have been found to be significantly affected by 
variables such as gender, ethnicity, and the height of the 
patient.[10] Some researchers have suggested that the 
ratio of the distance from bony landmarks to the joint 
line and the femoral transepicondylar width, also called 
the epicondylar ratio, is more reliable than the distances 
of the bony landmarks to the articular line.[8,9,11] 
However, studies conducted among specific ethnic pop-
ulations have yielded differences in the recommended 
values.[12]  

Since there is a limited number of studies examining 
the relationship between the normal knee joint line and 
the bony landmarks around the knee in the Turkish pop-
ulation, we aimed to evaluate the relationship between 
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the knee joint line and bony landmarks in the Turkish 
population using computerized tomography (CT) 
images of normal knees.  

Materials and Methods 
Knee CT images of 100 patients (50 females, 50 males) 
aged between 18−50 years were evaluated retrospective-
ly. The images of the patients with fractures around the 
knee, degenerative changes in the articular cartilage, 
osteochondral defects, and patients with a history of pre-
vious knee surgery were not included. 

All exams were performed with a 16-slice multidetec-
tor-row scanner (Toshiba Alexion, Toshiba Medical 
Systems Corporation, Otawara, Japan). The acquired 2-
mm-thick axial images and reformatted coronal and 
sagittal images were observed independently with elec-
tronic calipers at a picture archiving and communication 
system (PACS) station by an orthopedic surgeon. First, 
the joint line of the knee (JL) was determined as the line 
passing through the most distal points of the medial and 
lateral femoral condyles in the coronal plane and/or as 

the line passing through the most distal point of the 
femur perpendicular to the anatomical axis of the tibial 
shaft in the sagittal plane. Subsequently, the following 
parameters were measured. 

In the Coronal Plane 

• Medial epicondylar distance (MED): The distance 
between the JL and the most medial point of the 
femur where the medial collateral ligament attached 
(Figure 1). 

• Lateral epicondylar distance (LED): The distance 
between the JL and the most lateral point of the 
femur where the lateral collateral ligament attached 
(Figure 1). 

• Proximal tibiofibular joint distance (PTFJD): The 
distance between the JL and the center of the hori-
zontal portion of the proximal tibiofibular joint 
(Figure 2). 

• Apex of head of fibula distance (AFD): The dis-
tance between the JL and the superior point of the 
apex of head of fibula (Figure 3). 
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Figure 1. Coronal CT image. Medial epicondylar distance (MED) is the 
distance between joint line (JL) and the most medial point of the femur 
where the medial collateral ligament originated and the lateral epicondy-
lar distance (LED) is the distance between JL and the most lateral point of 
the femur where the lateral collateral ligament originated.

Figure 2. Coronal CT image. Proximal tibio-fibular joint distance (PTFJD) 
is the distance between JL and the center of the horizontal portion of the 
proximal tibiofibular joint.

LED MED
JL

JL
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In the Sagittal Plane 

• Tibial width (TW): The diameter of the tibia at the 
level of the tibial tubercle (TT) or the most proximal 
point where the patellar tendon is attached to the tib-
ial tubercle (Figure 4). 

• Tibial tubercle distance (TTD): The distance 
between the JL and the level of the TT or the most 
proximal point where the patellar tendon is attached 
to the tibial tubercle (Figure 5). 

• Patellar distance (PD): The distance between the 
JL and the most inferior point of the inferior pole of 
the patella (Figure 5). 

In the Axial Plane 

• Femoral transepicondylar width (FW): The dis-
tance between the most prominent point of the medi-
al femoral epicondyle and the most prominent point 
of the lateral femoral epicondyle (Figure 6). 

Femoral ratios, taken as the ratios of the femoral width 
to JL-MED, JL-LED, PJL-TFJD, JL-AFD, JL-TTD, 
and JL-PD were evaluated. The tibial ratio, as the ratio of 

the tibial width to to the JL-TTD, was also calculated. All 
measurements were repeated twice by a single observer. 
The mean values of these measurements were used. 

Categorical variables were presented as frequencies 
and percentages. The chi-square test was used for com-
parisons of categorical variables. The Shapiro-Wilk test 
was used to test the normality of distribution. All contin-
uous variables were normally distributed; therefore, 
when comparing clinical characteristics, the Student t-
test was used for continuous variables and values were 
presented as mean± standard deviation (SD). The data 
obtained in the study were analyzed using SPSS 
(Statistical Package for Social Sciences) for Windows 
(Version 26, IBM Corp., Armonk, NY, USA). For all 
analyses; p<0.05 was considered as significant.  

Results 
The mean age of the of the participants was 43.56±7.0 in 
males and 45.4±10.1 years in females (p=0.294). The dis-
tances between the anatomical landmarks and the joint line 
of the knee and the tibial and femoral diameters are pre-

Figure 3. Coronal CT image.  Apex of head of fibula distance (AFD) is the 
distance between joint line (JL) and the superior point of the apex of head 
of fibula.

Figure 4. Sagittal CT image. Tibial width (TW) is the diameter of the tibia 
at the level of the tibial tubercle (TT) or the most proximal point where 
the patella tendon is inserted into the tibial tubercle (TT).
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sented in Table 1. All distances and diameters differed 
between the genders with statistical significance (p<0.005). 
The mean and SD values of the femoral and tibial ratios for 
all landmarks are presented in Table 2. With the excep-
tion of LED/FW, TTD/FW, TW/FW, and TW/TTD, 
all ratios differed between the genders with statistical sig-
nificance.  

Discussion 

The medial epicondyle, lateral epicondyle, tibial tubercle, 
apex of head of fibula, and lower pole of the patella are 
commonly used bone reference points in clinical settings. 
Surgeons can evaluate these points in preoperative radio-
logical examinations or intraoperatively with palpation. In 
the current CT study, we investigated the distances 
between bony landmarks such as the medial epicondyle, 
lateral epicondyle, apex of head of fibula, proximal 
tibiofibular joint, tibial tubercle, and lower pole of the 
patella and the knee joint line as well as the ratios of these 
distances to femoral width and tibial width in the Turkish 
population. Knowing the normal range of values for the 

knee joint line in a society is of great importance in plan-
ning knee arthroplasty and especially revision surgery 
because slippage of the joint line may disrupt the biome-
chanics of the knee, resulting in complications such as 
decreased strength of the extensor mechanism, increased 
patellofemoral joint pressure, anterior knee pain, and 
decreased range of motion.[13−15] Although it is necessary to 
restore the normal joint line for both primary and revision 
total knee arthroplasty, there is still no consensus on how 
to determine the normal joint line.[10] During primary total 
knee arthroplasty, surgeons can estimate the normal joint 
line position based on the thickness of the femoral osteoto-
my. However, in the case of revision total knee arthroplas-
ty, reliable references are needed to find the normal artic-
ular line because of bone loss in the distal femur and prox-
imal tibia due to previous surgery. The use of anatomical 
landmarks to determine the position of the joint line is well 
accepted in clinical practice.[8] However, the mean dis-
tances from the bony reference points to the knee joint 
line are strongly correlated with body build, gender and 
race.[7] To overcome this disadvantage, Servien et al.[8] pro-
posed evaluation of the ratios of these measured distances 
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Figure 5. Sagittal CT image. Tibial tubercle distance (TTD) is the distance 
between the joint line (JL) and the level of the tibial tubercle (TT) or the 
most proximal point where the patella tendon is inserted into the tibial 
tubercle (TT) and the patellar distance (PD) is the distance between the 
joint line (JL) and the most inferior point of inferior pole of patella. 

Figure 6. Axial CT image. Femoral transepicondylar width (FW) is the 
distance between the most prominent point of medial femoral epi-
condyle (ME) and the most prominent point of the lateral femoral epi-
condyle (LE). 

PD JL ME LE
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TT
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to the femoral transepicondylar width and claimed that 
these ratios would be less affected by variables such as gen-
der, race, or body mass index (BMI). The use of ratios has 
proven to be more reliable. It has been shown that ratios 
are less affected by the variations caused by age, BMI, and 
gender, and they can be used easily with information 
obtained from both radiological examinations and intraop-
erative measurements.[11,16−18] In our study, we considered 
the epicondylar ratio as well as the distances of the bone 
reference points to the joint line. 

The results of our study revealed the mean FW as 77.3 
mm. This value was previously reported by Romero et 
al.[19] as 79.9 mm, by Servien et al.[8] as 81.7 mm, by Lee et 
al.[20] as 75 mm, by Seedhom et al.[21] as 77.2 mm, and by 
Iacono et al.[22] as 89.7 mm. Differences between our 
results and previous studies can be explained by differences 

in the patients’ ethnicities, participant selection, measure-
ment methodology or observer differences. The mean dis-
tance between the head of the fibula and the joint line was 
reported as 20.5 mm by Gurbuz et al.,[12] while Mason et 
al.[23] found it as 20 mm. We found this mean value to be 
19.1 mm, similar to the reported ranges in the literature. In 
our study, the mean MED was 27.8 mm and the mean 
LED was 23.6 mm. These values were determined as 28.95 
mm and 23.97 mm, respectively by Ozkurt et al.[11] in a 
cadaver study. Iacono et al.[22] reported a correlation 
between the medial epicondyle-joint line distance and 
femur interepicondylar width, calculating a ratio value of 
0.343. This value was 0.327 in a study conducted by Fan et 
al.[9] among the Chinese population, while it was 0.34 in 
the study of Servien et al.[8] and 0.35 in the study of Ozkurt 
et al.[11] Similarly, we determined this value as 0.35. This 
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Table 1  
Summary of the measurements and gender difference.

Overall Males Females 
Distance (mm) (Mean±SD) (Mean±SD) (Mean±SD) p-value* 

MED 27.8±1.1 28.1±0.6 27.5±1.4 0.007 

LED 23.6±1.8 24.3±1.7 22.8±1.6 <0.001 

PTJFD 26.0±2.5 27.8±0.9 24.1±2.2 <0.001 

AFD 19.1±5.0 22.8±2.6 15.4±3.9 <0.001 

PD 13.3±1.7 14.4±0.7 12.2±1.7 <0.001 

TTD 23.0±1.7 23.7±0.3 22.3±2.1 <0.001 

FW 77.3±2.3 78.9±0.9 75.8±2.3 <0.001 

TW 43.5±4.0 44.9±3.5 42.1±3.9 <0.001 

*Distances and diameters differed between the genders with statistical significance (p<0.005). AFD: apex of head of fibula distance; FW: femoral transepicondylar 
width; LED: lateral epicondylar distance; MED: medial epicondylar distance; PT: patellar distance; PTJFD: proximal tibiofibular joint distance; TTD: tibial tubercle dis-
tance; TW: tibial width.

Table 2  
Mean ratios and gender difference.

Overall Males Females 
Ratio (Mean±SD) (Mean±SD) (Mean±SD) p-value 

MED/FW 0.35±0.01 0.35±0.0 0.36±0.01 0.007 

LED/FW 0.30±0.02 0.31±0.02 0.30±0.02 0.116 

PD/FW 0.17±0.01 0.18±0.0 0.16±0.02 <0.001* 

TTD/FW 0.29±0.02 0.30±0.0 0.29±0.02 0.122 

AFD/FW 0.24±0.06 0.28±0.03 0.2±0.05 <0.001* 

PTFJD/FW 0.33±0.02 0.35±0.01 0.31±0.02 <0.001* 

TW/FW 0.56±0.04 0.57±0.04 0.55±0.04 0.120 

TW/TTD 1.9±0.2 1.8±0.1 1.9±0.3 0.759 

*Ratios differed between the genders with statistical significance (p<0.005). AFD: apex of head of fibula distance; FW: femoral transepicondylar width; LED: lateral epi-
condylar distance; MED: medial epicondylar distance; PT: patellar distance; PTJFD: proximal tibiofibular joint distance; TTD: tibial tubercle distance; TW: tibial width.



ratio does not reflect significant differences between the 
genders and its standard deviation is low; therefore, we 
think that it can guide surgeons with high reliability. 

Computed tomography, magnetic resonance imaging, 
and direct radiographs are used to determine the location 
of the joint line.[24−26] We used CT in our study because CT 
is known to be superior in evaluating bony structures and 
we anticipated that it would be possible to locate the bone 
reference points from coronal, sagittal, and axial sections 
with higher reliability. While CT has disadvantages such as 
higher radiation load compared to conventional radio-
graphs and magnetic resonance imaging and being more 
costly than conventional radiographs, these disadvantages 
were not reflected in our study because our study entailed 
a retrospective review of CT images taken in the emergen-
cy room and outpatient clinic for different reasons. 

One of the limitations of the present study may be that 
the measurements were made by one observer. We 
thought that measurements made by a single observer 
would ensure standardization among slices. Repeated 
measurements performed at two different times were used 
to overcome the possible limitation. Since our study was a 
CT-based study, it allowed us to make precise measure-
ments in the coronal, axial, and sagittal planes.  

Conclusion 
There are few publications in the literature examining the 
relationship between the knee joint line and the bony land-
marks around the knee in the Turkish population. We 
anticipate that the values we determined will help surgeons 
who often perform total knee replacement and revision 
knee replacement surgeries for Turkish patients to deter-
mine the joint line. 

Conflict of Interest 
The authors declare no conflict of interest.  

Author Contributions 
CÖ: conceiving and designing the analysis, collecting the 
data; AS: analyzing the data, writing the manuscript.  

Ethics Approval 
The study was approved by the non-interventional clinical 
research ethics committee of Izmir Katip Çelebi University 
(No: 0086/0107) and carried out in compliance with the 
Declaration of Helsinki's guiding principles.  

Funding  
The authors did not and will not receive any funding for this 
study.  

References 
1. Clave A, Le Henaff G, Roger T, Maisongrosse P, Mabit C, Dubrana 

F. Joint line level in revision total knee replacement: assessment and 
functional results with an average of seven years follow-up. Int 
Orthop 2016;40:1655–62. 

2. Martin JW, Whiteside LA. The influence of joint line position on 
knee stability after condylar knee arthroplasty. Clin Orthop Relat 
Res 1990;(259):146–56. 

3. Singerman R, Heiple KG, Davy DT, Goldberg VM. Effect of tibial 
component position on patellar strain following total knee arthro-
plasty. J Arthroplast 1995;10:651–6. 

4. Fornalski S, McGarry MH, Bui CN, Kim WC, Lee TQ. 
Biomechanical effects of joint line elevation in total knee arthroplas-
ty. Clin Biomech 2012;27:824–9. 

5. Partington PF, Sawhney J, Rorabeck CH, Barrack RL, Moore J. 
Joint line restoration after revision total knee arthroplasty. Clin 
Orthop Relat Res 1999;(367):165–71. 

6. Khan WS, Bhamra J, Williams R, Morgan-Jones R. “Meniscal” scar 
as a landmark for the joint line in revision total knee replacement. 
World J Orthop 2017;8:57–61. 

7. Griffin FM, Math K, Scuderi GR, Insall JN, Polivache PL. Anatomy 
of the epicondyles of the distal femur: MRI analysis of normal knees. 
J Arthroplasty 2000;15:354–9. 

8. Servien E, Viskontas D, Giuffre BM, Coolican MRJ, Parker DA. 
Reliability of bony landmarks for restoration of the joint line in revi-
sion knee arthroplasty. Knee Surg Sports Traumatol Arthrosc 2008; 
16:263–9. 

9. Fan A, Xu T, Li X, Lei L, Fan L, Yang D, Li G. Using anatomical 
landmarks to calculate the normal joint line position in Chinese peo-
ple: an observational study. J Orthop Surg Res 2018;13:261–70. 

10. Pereira GC, von Kaeppler E, Alaia MJ, Montini K, Lopez MJ, Di 
Cesare PE, Amanatullah DF. Calculating the position of the joint 
line of the knee using anatomical landmarks. Orthopedics 2016;39: 
381–6. 

11. Ozkurt B, Sen T, Cankaya D, Kendir S, Basarir K, Tabak Y. The 
medial and lateral epicondyle as a reliable landmark for intra-opera-
tive joint line determination in revision knee arthroplasty. Bone Joint 
Res 2016;5:280–6. 

12. Gurbuz H, Cakar M, Adas M, Tekin AC, Bayraktar MK, Esenyel 
CZ. Measurement of the knee joint line in Turkish population. Acta 
Orthop Traumatol Turc 2015;49:41–4. 

13. Laskin RS. Management of the patella during revision total knee 
replacement arthroplasty. Orthop Clin North Am 1998;29:355–60.  

14. Laskin RS. Joint line position restoration during revision total knee 
replacement. Clin Orthop Relat Res 2002;(404):169–71. 

15. König C, Sharenkov A, Matziolis G, Taylor WR, Perka C, Duda 
GN, Heller MO. Joint line elevation in revision TKA leads to 
increased patellofemoral contact forces. J Orthop Res 2010;28:1–5. 

16. Bieger R, Huch K, Kocak S, Jung S, Reichel H, Kappe T. The influ-
ence of joint line restoration on the results of revision total knee 
arthroplasty: comparison between distance and ratio-methods. Arch 
Orthop Trauma Surg 2014;134:537–41.  

17. Rajagopal TS, Nathwani D. Can interepicondylar distance predict 
joint line position in primary and revision knee arthroplasty? Am J 
Orthop (Belle Mead NJ) 2011;40:175–8. 

18. Sadaka C, Kabalan Z, Hoyek F, Abi Fares G, Lahoud JC. Joint line 
restoration during revision total knee arthroplasty: an accurate and 
reliable method. SpringerPlus 2015;4:736. 

86 Özcan C, Şahin A

Anatomy • Volume 16 / Issue 2 / August 2022



19. Romero J, Seifert B, Reinhardt O, Ziegler O, Kessler O. A useful 
radiologic method for preoperative joint-line determination in revi-
sion total knee arthroplasty. Clin Orthop Relat Res 2010;468:1279–
83. 

20. Lee IS, Choi JA, Kim TK, Han I, Lee JW, Kang HS. Reliability 
analysis of 16-MDCT in preoperative evaluation of total knee 
arthroplasty and comparison with intraoperative measurements. AJR 
Am J Roentgenol 2006;186:1778–82. 

21. Seedhom BB, Longton EB, Wright V, Dowson D. Dimensions of 
the knee. Radiographic and autopsy study of sizes required by a knee 
prosthesis. Ann Rheum Dis 1972;31:54–8. 

22. Iacono F, Lo Presti ML, Bruni D, Raspugli GF, Bignozzi S, Sharma 
B, Marcacci. The adductor tubercle: a reliable landmark for
analysing the level of the femorotibial joint line. Knee Surg Sports 
Traumatol Arthrosc 2013;21:2725–9. 

23. Mason M, Belisle A, Bonutti P. An accurate and reproducible 
method for locating the joint line during a revision total knee arthro-
plasty. J Arthroplasty 2006;21:1147–53. 

24. Sato T, Koga Y, Sobue T, Omori G, Tanabe Y, Sakamoto M. 
Quantitative 3-dimensional analysis of preoperative and postopera-
tive joint lines in total knee arthroplasty: a new concept for evalua-
tion of component alignment. J Arthroplasty 2007;22:560–8.

25. Howell SM, Chen J, Hull ML. Variability of the location of the tib-
ial tubercle affects the rotational alignment of the tibial component 
in kinematically aligned total knee arthroplasty. Knee Surg Sports 
Traumatol Arthrosc 2013; 21:2288–95. 

26. Herzog RJ, Silliman JF, Hutton K, Rodkey WG, Steadman JR. 
Measurements of the intercondylar notch by plain film radiography 
and magnetic resonance imaging. Am J Sports Med 1994; 22:204–10.

87Determination of knee joint line in relation to bony landmarks

Anatomy • Volume 16 / Issue 2 / August 2022

Correspondence to: Ali Şahin, MD 
Department of Orthopedics and Traumatology, 
Ankara Etlik City Hospital, Ankara, Türkiye  
Phone: +90 533 548 66 98  
e-mail: ortdralisahin@gmail.com

Conflict of interest statement: No conflicts declared.

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs 4.0 Unported (CC BY-NC-
ND4.0) Licence (http://creativecommons.org/licenses/by-nc-nd/4.0/) which permits unrestricted noncommercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited. How to cite this article: Özcan C, Şahin A. Determination of knee joint line in relation to bony land-
marks: a CT study in Turkish population. Anatomy 2022;16(2):81–87.

ORCID ID:  

C. Özcan 0000-0002-1541-2484; 
A. Şahin: 0000-0002-2399-404X 



Introduction 
The anatomical variations of lateral nasal wall and 
paranasal sinuses may affect the position of the skull 
base. During endoscopic sinus surgery, surgeons should 
pay attention on the depth of olfactory fossae and length 
of lateral lamella of the cribriform plate (LLCP) to avoid 
the well-known complication of this surgical procedure; 
skull base injury. The olfactory fossae are the grooves of 
the cribriform plate and contains the olfactory bulb and 
LLCP serves to separate this anterior cranial fossa from 
ethmoid air cells. The depth of the olfactory fossa is 
determined by the length of the LLCP and may be 
asymmetric.[1−5] Thus, pre-operative evaluation of the 
skull base and adjacent structures upon paranasal com-
puted tomography (CT) is crucial. 

A categorization based on the olfactory fossa depth 
was performed by Keros[1] previously. Individuals with a 

deeper olfactory fossa usually have a longer LLCP. 
LLCP is a thin and weak bone plate constituting the lat-
eral boundary of cribriform plate as a bridge between 
cribriform plate and fovea ethmoidalis, which is an 
extension of the orbital plate of the frontal bone forming 
the lateral part of the ethmoid roof. Considering that the 
uncinate process of ethmoid bone has three different 
attachment sites,[2] the position of the skull base may 
have an association with the status of uncinate process. 
Several studies investigated the association of olfactory 
fossa depth and/or LLCP length with adjacent anatomic 
structures,[3,4] however; to the best of our knowledge, 
only a limited number of studies thus far has focused on 
the association between the skull base and uncinate pro-
cess. Therefore, in this study we aimed to investigate the 
variations of olfactory fossa and LLCP by reference to 
the attachment site of uncinate process.  
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Abstract 

Objectives: To investigate the variations of olfactory fossa and lateral lamella by reference to the attachment site of unci-
nate process.  

Methods: To perform the comparison of the olfactory fossa depth, 250 patients were categorized into three groups. Patients 
with bilateral type A uncinate process were included in the group A, patients with a unilateral type A uncinate process were 
included in the group B, and the patients with a type B or C uncinate process on both sides were included in the group C. 
To compare the lateral lamella length, we used the categorization of 500 uncinate processes from 250 patients, based on 
the attachment site of uncinate: lamina papyracea, skull base and middle turbinate. 

Results: The mean olfactory fossa depth did not significantly differ between the group A and B (p=0.503), however, it was 
significantly greater in the group C, compared to both to the group A (p<0.001) and B (p=0.003). The mean lateral lamella 
length did not significantly differ between the lamina papyracea group and middle turbinate group (p=0.387) however, it was 
significantly greater in the skull base group, compared both to lamina papyracea (p<0.001) and middle turbinate groups 
(p<0.001).  

Conclusion: Patients with uncinate processes attached to skull base and/or middle turbinate on both sides had a lower olfac-
tory fossa, and the uncinate process attached to the skull base is associated with longer lateral lamella. 
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Materials and Methods 
After a detailed search of paranasal CT archives of our 
tertiary institution, we included paranasal CT sections of 
250 patients. We compiled the data using a Toshiba 
Alexion CT unit (Canon Medical Systems Corp., 
Otawara, Tochigi, Japan) with a radiologic archiving and 
imaging system (Probel, İzmir, Turkey). The parameters 
of the CT scanner were 130 kVp, 1.2 mm slice thickness, 
0.8-s rotation time, and 1 mm pitch. Patients with any 
history of sinus surgery, facial trauma, paranasal sinus 
tumors including inverted papilloma, cystic fibrosis, and 
generalized nasal polyposis that might alter the anatomy 
of uncinate process and ethmoid roof were excluded 
from the study. To compare the olfactory fossa depth 
and LLCP length based on the attachment site of the 
uncinate process, two different categorizations were per-
formed. To perform these categorizations, we utilized 
the classical previous description of the attachment of 
uncinate process by Wormald[2] as; uncinate process with 
a superior attachment to lamina papyracea (Type A- 
considered as normal position), skull base (Type B), and 
middle turbinate (Type C).  

To perform the comparison of the olfactory fossa 
depth, 250 patients were categorized into three groups. 
The patients with bilateral type A uncinate process were 
included in the group A, the patients with a unilateral 
type A uncinate process were included in the group B, 
and the patients with a type B or C uncinate process on 
both sides were included in the group C. We measured 
the olfactory fossa depth of the patients on the coronal 
CT sections in which crista galli was most prominent, in 
accordance with the previous description by Keros,[1]  
based on the position of cribriform plate relative to eth-
moid roof. In accordance with the Keros[1] classification, 
olfactory fossa depth between 1−3 mm was determined 
as type 1, 4−7 mm as type 2 and 8−16 mm as type 3.  
Then, the mean olfactory fossa depth values of the 
groups were compared statistically. 

To compare the LLCP length, we used the catego-
rization of 500 uncinate processes from 250 patients, 
based on the attachment site of uncinate. We measured 

LLCP length as the lateral boundary of cribriform plate, 
between horizontal cribriform plate and fovea eth-
moidalis. Then, the mean LLCP lengths of three groups 
(lamina papyracea, skull base and middle turbinate) were 
compared statistically. 

Results of the analysis were presented as mean±stan-
dard deviation. The normal distribution of the data was 
confirmed using Kolmogorov-Smirnov normality test 
(p>0.2). The olfactory fossa depth and LLCP length of 
three groups were compared using one-way analysis of 
variance (ANOVA) test. The homogeneity of the data 
was investigated using Levene’s test. Post-hoc analyzes 
were performed using Tukey’s test. All statistical analy-
sis was performed using SPSS 23.0 software on MacOS 
12.2.1 (IBM Corp, Armonk, NY. USA). A p-value under 
0.05 was considered statistically significant.  

Results 
In total, paranasal CT sections from 250 patients were 
included. For the comparison of olfactory fossa depth, the 
patients were categorized as three group. Group A consist-
ed of 85 patients [43 males and 42 females, median age: 29 
(18−76) years], group B consisted of 66 patients [34 males 
and 32 females, median age: 29 (18−70) years], and group 
C consisted of 99 patients [40 males and 59 females, medi-
an age: 28 (18−66) years]. The groups were age and gen-
der-matched (p=0.889 and p=0.258, respectively). The dis-
tribution of the groups based on Keros[1] classification was 
presented in Table 1 and comparison of the mean olfacto-
ry fossa depth values of the groups was presented in Table 
2. One way ANOVA revealed that olfactory fossa depth 
did significantly differ between three groups (p<0.001). 
According to the post-hoc tests, the mean olfactory fossa 
depth did not significantly differ between the group A and 
B (p=0.503), however, the mean olfactory fossa depth was 
significantly greater in the group C, compared to both to 
the group A (p<0.001) and B (p=0.003) (Figure 1). Thus, 
we found that patients with uncinate processes with a supe-
rior attachment to skull base and/or middle turbinate 
(abnormal position) on both sides had a lower olfactory 
fossa. 

Table 1  
Keros distribution of the groups.

Groups Type 1 Type 2 Type 3  

A (n=85) 19 (22.4%) 64 (75.3%) 2 (2.3%) 

B (n=66) 9 (13.63%) 55 (83.33%) 2 (3.04%) 

C (n=99) 9 (9.09%) 71 (71.71%) 19 (19.2%)
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For the comparison of LLCP lengths, 500 uncinate 
processes from 250 patients were categorized based on 
attachment site; lamina papyracea group (n=265), skull 
base group (n=135) and middle turbinate group (n=100). 
One way ANOVA revealed that the mean LLCP length 
did significantly differ among three groups (p<0.001) 
(Table 3). According to the post-hoc tests, the mean 
LLCP length did not significantly differ between the lam-
ina papyracea group and middle turbinate group (p=0.387), 
however, it was significantly greater in the skull base 
group, compared both to lamina papyracea (p<0.001) and 
middle turbinate groups (p<0.001) (Figure 2). Thus, we 
found that attachment of the uncinate process into skull 
base might be associated with a longer LLCP.  

Discussion 
In this radiological and anatomical investigation, we 
focused on the association between the attachment site 
of the uncinate process and the position of skull base. 
We found that patients with uncinate processes with a 
superior attachment to skull base and/or middle 
turbinate on both sides had a lower olfactory fossa. 
Additionally, the patients with an uncinate process 
attached to the skull base had a longer LLCP.  

The position of skull base has a surgical implication 
for patients undergoing endoscopic sinus surgery: the 
lower the olfactory fossa, the longer the LLCP.[1,4] It is 
known that the LLCP is the weakest area of the skull 
base, and the patients with a lower olfactory fossa has a 
greater risk of skull base injury with a longer LLCP. 
Thus, we can speculate that patients with an uncinate 
process attached to the skull base carries an increased 
risk of skull base injury because of their longer lateral 
lamellas compared to the patients with an uncinate pro-
cess attached to the lamina papyracea and middle 
turbinate.  

When the previous literature is reviewed, there exist 
several studies investigating the relationships of the skull 
base and adjacent anatomical structures.[3,4,6] Additionally, 
authors focused on the angle between LLCP and the crib-

riform plate in recent publications.[7,8] Moreover, the 
LLCP was reported as being an anatomical risk factor for 
iatrogenic cerebrospinal fluid leak.[9,10] Barroso et al.[11] 

Table 2  
Comparison of olfactory fossa depth.

Groups Olfactory fossa depth (mm)  

A (patients with bilateral type A uncinate process) (n=85) 5.05±1.41 

B (patients with unilateral type A uncinate process) (n=66) 5.32±1.37 

C (patients with type B or C uncinate process on both sides) (n=99) 6.11±1.6 

p-value* <0.001 

*of one-way ANOVA. 

Figure 1. (a) Measurement of olfactory fossa depth on a patient from 
group A (with bilateral type A uncinate process); (b) measurement of 
olfactory fossa depth on a patient from group B (with a type A uncinate 
process on right); (c) measurement of olfactory fossa depth on a patient 
from group C (with a type B/C uncinate process on both sides).

UP attachment

UP attachment

UP attachment

UP attachment

Olfactor fossa depth

Olfactor fossa depth

UP attachment
UP attachment

Olfactor fossa depth

a

b

c



91Effects of the position of uncinate process on olfactory fossa depth and lateral lamella length

Anatomy • Volume 16 / Issue 2 / August 2022

reported that the variations of attachment of the uncinate 
process did not affect the development of frontal sinus 
mucoceles. However, to the best of our knowledge, only a 
limited number of studies study thus far have investigated 
the effects of the different attachment types of uncinate 
process on the development of the skull base, olfactory 
fossa depth and LLCP length.  

The embryologic associations of the anatomical 
structures around paranasal sinuses are well-known. 
Ozcan et al.[12] reported the effects of paranasal sinus 
development on the position of orbital medial wall. 
Additionally, a coexistence between the hypoplasia of 
maxillary and frontal sinuses are known.[13] As reported 
by Kayabasi et al.,[4] maxillary sinus hypoplasia might be 
associated with a lower olfactory fossa and longer LLCP, 
bringing about an increased risk of skull base injury. 
Thus, superior attachment of uncinate process might 
affect the olfactory fossa depth and LLCP length. This 
study revealed the significant effect of uncinate process 
with a superior attachment to skull base on the LLCP 
length, however, as being a radiologic study, it has a dis-
advantage against cadaveric studies, considering as the 
major limitation of the study. In addition, according to 
the Keros[1] classification, olfactory fossa depth was 
determined as measurement only on crista galli, thus we 
added LLCP data on both sides to rule out this limita-
tion. Nevertheless, surgeons should keep in mind that 
patients with uncinate processes attached to skull base or 
middle turbinate may have a deeper olfactory fossa, asso-
ciated with an increased risk of iatrogenic skull base 
injury. 

Conclusion 
In conclusion, patients with uncinate processes with a 
superior attachment to skull base and/or middle turbinate 
on both sides had a lower olfactory fossa, and the uncinate 
process attached to the skull base is associated with longer 
LLCP and increased risk of iatrogenic skull base injury 
during endoscopic sinus surgery.  

Figure 2. (a) Measurement of lateral lamella length on a type A uncinate 
process (attached to lamina papyracea); (b) measurement of lateral lamel-
la length on a type B uncinate process (attached to middle turbinate); (c) 
measurement of lateral lamella length on a type C uncinate process 
(attached to skull base).

Table 3  
Comparison of lateral lamella length.

Groups* Lateral lamella length (mm) 

Lamina papyracea (n=265) 5.08±1.31 

Middle turbinate (n=100) 6.01±1.42 

Skull base (n=135) 6.99±1.51 

p-value† <0.001 

*Based on the superior attachment point of uncinate process; †of one- way ANOVA. 
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Introduction 
In biological anthropology, biological sex is often esti-
mated from the skeleton using the pelvis;[1−3] however, in 
its absence, robusticity of certain skeletal landmarks on 
the cranium may be used to estimate sex in forensic and 
archaeological situations.[1,4] Humans show sexual dimor-
phism (morphological differences between males and 
females) in these areas, with males typically demonstrat-
ing greater robusticity compared with females. Two of 
these cranial landmarks – the nuchal crest and mastoid 
process – are sites of muscle attachment. Although 
anthropological analyses consider each of these land-
marks as a single, generalized muscle or ligament attach-

ment site, these skeletal features actually represent the 
location of several soft tissue attachments.[5] In the 
anthropological literature, it is assumed that the robus-
ticity of these skeletal landmarks is associated with the 
robusticity of the muscles attached at these sites.[1] 

However, this hypothesis has not been specifically tested 
and assumes anatomical knowledge of these attachment 
sites, which are not well understood in the anthropolog-
ical literature.[1,4] To better identify why these cranial 
skeletal landmarks are sexually dimorphic, it is essential 
to study the nuances of the attached soft tissue anatomy, 
including any presence of sex differences in these areas. 
This is important because observation of sexual dimor-
phism in the associated soft tissues may help improve sex 

A review of the anatomy of soft tissues  
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on the cranium  
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Abstract 

Objectives: This review systematically assesses literature relating to five muscles and one ligament connected to sexually dimor-
phic cranial landmarks – the nuchal crest and mastoid process – used for sex estimation in anthropology: the upper trapezius, 
semispinalis capitis, sternocleidomastoid, splenius capitis, and longissimus capitis muscles and the nuchal ligament. Although 
these soft tissues are not commonly grouped together in anatomical literature, they are anthropologically relevant in relation to 
cranial sex estimation. This review demonstrates how anatomical analyses can inform anthropological research and illustrates the 
benefit of multidisciplinary studies.  

Methods: A systematic literature review was conducted following PRISMA (preferred reporting items for systematic reviews and 
meta-analyses) guidelines and included journal articles and texts that discussed attachment sites, muscle architecture, function, 
and sexual dimorphism of the soft tissues in of interest.  

Results: A total of 804 publications were assessed with a final number of 64 relevant texts, including 53 primary scientific arti-
cles and 11 textbooks. Upper trapezius and sternocleidomastoid were the most widely studied, while longissimus capitis and the 
nuchal ligament were the least. Additionally, there was limited consistent data on muscle architecture, attachment site morphol-
ogy (entheses), sexual dimorphism, and population variation in these studies.  

Conclusion: This paper highlights the need for more detailed architectural and enthesis data from diverse sex and population 
groups, and interdisciplinary research that will improve understanding of sexual dimorphism in humans. This can be applicable in 
clinical anatomy when assessing injury rates between males and females, and in anthropology, when estimating sex from the 
skeleton. 

Keywords: anthropology; mastoid process; muscle architecture; nuchal crest; sexual dimorphism 
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estimation methods using these landmarks, when work-
ing with unidentified human skeletal remains. 

Collectively, five muscles and one ligament span the 
cervical spine and have attachments associated with the 
nuchal crest and mastoid process. These include the 
upper trapezius and semispinalis capitis muscles and the 
nuchal ligament – associated with the nuchal crest – and 
sternocleidomastoid, splenius capitis, and longissimus 
capitis – associated with the mastoid process.  

The overall objective of this review was to systemati-
cally evaluate research on the morphology of the rele-
vant soft tissues to better understand musculoskeletal 
relationships and how this may relate to anthropological 
research in sex estimation. To achieve this, the literature 
covering muscle and ligament morphology, including 
attachment sites, size (physiological cross-sectional area 
[PCSA], cross sectional area [CSA], and mass or volume), 
and pennation angle was examined. Muscle and ligament 
function were also considered, alongside any findings 
that indicated evidence of sexual dimorphism. 

Materials and Methods 
A systematic search of the primary literature was con-
ducted in December 2020 and updated June and 
November 2021, following the PRISMA (preferred 
reporting items for systematic reviews and meta-analy-
ses) guidelines and using the keywords summarized in 
Figure 1.[6] Although neurovascular supply has been 
included in similar reviews of soft tissue,[7] this study 
focused on muscle and ligament morphology and func-
tion, which is most relevant to its overall aim. Studies 
that did not appear in the database search, but were 
found during general research (forwards search) or 
through screening the reference lists (backwards search), 
were also included (Figure 2). During this general 
search, five books and/or book chapters with informa-
tion relevant to this study were also found and included. 
An additional six text books (three modern, three histor-
ical) that provided relevant information on this topic 
were also selected for a total of 11 books. Exclusion cri-
teria are outlined in Figure 2. All literature was screened 
by the first author.  

Results 
A total of 65 publications, consisting of 54 primary scien-
tific articles and 11 books or book chapters were included. 
A review of each muscle, grouped by the two skeletal land-
marks of interest (nuchal crest and mastoid process), is pre-
sented below. 

Nuchal Crest 
The soft tissues associated with the nuchal crest are the 
upper trapezius and semispinalis capitis muscles, and the 
nuchal ligament. Trapezius is the most superficial, with 
semispinalis capitis lying deep to the trapezius and splenius 
muscles.[8] From its proximal to distal extent, the nuchal 
ligament runs superficial to deep, extending along the 
midline of the posterior neck. It is an attachment site for 
the upper trapezius, among other muscles.[9−11] 

Nine studies (five dissection, four imaging) contained 
information relating to upper trapezius, and nine (four dis-
section, six imaging) were also reviewed for semispinalis 
capitis. Although the nuchal ligament was described in a 
number of resources, only one provided quantitative data.  

Upper trapezius: The trapezius is a large, flat, trian-
gle shaped muscle in the cervical, thoracic, and shoulder 
regions[8,12,13] and is described as the most superficial mus-
cle of the posterior neck.[14−16] The area of interest in this 
study is the upper trapezius,[10] also termed the clavo-
trapezius[17] or the pars descendens or descending part.[18,19] 
The upper trapezius is smaller than the middle trapezius, 
being one-fifth of its mass.[20] 

Attachment sites: The upper trapezius muscle attaches 
proximally at the superior nuchal line and the ligamentum 
nuchae, wrapping around the neck to attach distally at the 
lateral third of the clavicle.[8,10,13,16,17,21,22] Proximal attach-
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Figure 1. Search terms and keywords.



ment sites may vary although they are generally within the 
upper cervical/occipital area of the neck and head region: 
occiput and C1−C5,[18] C2−C3,[19] posterior border of the 
nuchal ligament,[23] occipital and nuchal ligament as far as 
the level of C7,[11] medial third of the superior nuchal line, 
external occipital protuberance, and nuchal ligament,[24] 
and occiput and nuchal ligament.[12,20] Additionally, the 
midline muscle fibers of upper trapezius attach to the 
nuchal ligament and pass over the midline connecting with 
the contralateral muscle fibers.[25] The distal attachment is 
described as the clavicle, specifically the superior posterior 
surface of its lateral third.[12,18−20,26−30] Variation may occur, 
with extension to the medial clavicle and occasional over-
lapping with the sternocleidomastoid attachment.[12,13] 
None of the literature reviewed discussed entheseal (mus-
cle attachment) measurements or morphology, for either 
the proximal or distal attachments of the upper trapezius.  

Muscle architecture: Architectural data from dissec-
tion, magnetic resonance imaging (MRI), and ultrasound 
studies for upper trapezius are presented in Table 1. Mean 
fascicle length was fairly consistent at around 8 cm, 
although one study, which reported data from only one 
individual, showed a larger value of 12 cm.[18] Pennation 

angle ranged from 0−30° for all studies, although some did 
not provide detailed methods for how these data were col-
lected.[19] Two other studies described the measurement as 
the angle at which the muscle fibers lay in relation to the 
line of action for the muscle.[17,18] Interestingly, these two 
studies report different pennation angles (0° compared to 
0−30°), but as the proximal attachments of upper trapezius 
span the length of the neck, it is possible that there is some 
variation across this part of the muscle. Muscle mass was 
provided in all studies, except Johnson et al.,[10] which 
reported volume. All measurements fell within a range of 
approximately 18.7−37.6 g, with volume reported as 30 ml. 
Although different units of measurement, mass and vol-
ume are comparable, as absolute values do not vary great-
ly when converting between the two using standard mus-
cle density measures.[31] The largest value of 37.6 g is like-
ly because trapezius was split into two segments,[18] rather 
than the standard three.[10] 

The PCSA values obtained from dissection show a 
range of 2.0−3.8 cm2 and CSA values from imaging ranged 
between 3.1−36.0 cm2. In two studies, PCSA was larger 
(>3.5 cm2) than others, as the muscle was divided into two 
segments, rather than three.[18,32] Additionally, in an MRI 
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Figure 2. PRISMA flow chart of the review process.
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study, Li et al.[33] reported a much larger CSA (36.0 cm2), 
likely due to the study reporting the maximum CSA of the 
muscle rather than values from a specified anatomical loca-
tion, such as C4.[34] 

Function: Trapezius is a major extensor muscle of the 
head and neck,[8,35] providing stability to the scapula 
through the clavicle.[26,27] Specifically, upper trapezius pro-
duces lateral flexion and extension of the head.[13] It also 
contributes to shoulder elevation and upward scapula rota-
tion (in conjunction with lower trapezius), as well as scapu-
la retraction.[15,16,21,22,24,30] 

Sexual dimorphism: One study addressed sex differ-
ences, reporting that males had a significantly larger upper 
trapezius CSA than females.[36] The authors also noted that 

larger weight, height, and body mass index were signifi-
cantly correlated with larger CSA, an association that cor-
responded with male sex. They suggest that overall sexual 
dimorphism was apparent in their sample for physical size 
characteristics as well as muscle CSA.[36]  

Semispinalis capitis: Semispinalis capitis, also called 
semispinalis complexus in historical texts,[12,21,30] is a long 
and thick muscle, located in the third layer of the 
neck,[14,15,37,38] deep to the trapezius and splenius mus-
cles.[8,12,16] Semispinalis capitis is consistently described as a 
digastric muscle which is divided into two sections by 
internal aponeuroses,[37] or alternatively described as being 
interspersed with internal tendons that connect the muscle 
bellies.[12,17,19] 
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Table 1 
Muscle architecture data for upper trapezius.

Fascicle1 Muscle1 

 Pennation Volume (ml)  
Study Sample/sex/age Length (cm) angle (°) or mass (g) PCSA (cm2) CSA (cm2) 

Bayoglu et al. (2017) n=1 
Male 8.9 0 25.7 (g) 2.9 - 
79 years 

Borst et al. (2011)2 n=1 
Male 12 0 37.6 (g) 3.5 - 
86 years  

Johnson et al. (1994)3 n=8 
Unknown 8−11 - 30 (ml) 3.3 - 
>65 years  

Kamibayashi and Richmond (1998) n=94   
7 M / 3 F 8.1 (1.6) 0−30 18.7 (4.5) (g) 2.0 (0.6) - 
66−92 years  

Van Ee et al. (2000) n=6 
4 M / 2 F - 0−5 - 3.82 - 
70−83 years  

Dawson et al. (2013) n=10 
Male - - - - 3.2 (1.0) 
26−54 years  

De Loose et al. (2009) n=25 
Male - - - - 4.3 (1.4)5 
20−40 years  

Li et al. (2014) n=16 
11 M / 5 F - - - - 36.06 
23−33 years  

Valera-Calero et al. (2020) n=15 
Male - - - - 13.1 (3.8) 
22.5±4.5 years

 
 

n=10 
Female - - - - 7.6 (1.8) 
25.5±6 years 

CSA: cross-sectional area; F: female, M: male; MRI: magnetic resonance imaging; PSCA: physiological cross-sectional area. 1Mean values presented where relevant (stan-
dard deviation) given where available. 2Trapezius considered as two segments instead of the standard three. 3Upper trapezius split into three segments; these data rep-
resent a range or total mean for each measurement (standard deviation not recalculated). 4Ten cadavers were included (seven males, three females) with nine used for 
the analysis of trapezius; however, the representation of each sex is not clear. 5Data given for right side only. Fighter pilot neck pain study. Data show control group with 
no neck pain. 6Study gave maximum CSA of the trapezius at C6−C7. 
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Attachment sites: Semispinalis capitis attaches distally 
at the transverse processes of the lower cervical and upper 
thoracic vertebrae and proximally at the mid-occipital 
region.[12,13,16,20,21,30] The proximal attachment is described 
consistently in most studies with some variation: at the 
mid-occipital level inferior to the superior nuchal line,[20] 

between the superior and inferior nuchal lines,[37] or at the 
linea nuchae.[18] There is some variability in the exact ver-

tebrae included as the distal attachment sites: C3−T4,[18] 
C4−T6,[19] and C3−T6,[37] although this is likely related to 
standard anatomical variation. Despite details about the 
proximal and distal attachments of this muscle, none of the 
included studies discussed entheseal morphology. 

Muscle architecture: Table 2 summarizes the data 
relating to muscle architecture. The mean fascicle length 
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Table 2 
Muscle architecture data for semispinalis capitis.

Fascicle1 Muscle1 

 Pennation Volume (cm3)  
Study Sample/sex/age Length (cm) angle (°) or mass (g) PCSA (cm2) CSA (cm2) 

Bayoglu et al. (2017) n=1 
Male 8.4 0 20.3 (g) 3.1 - 
79 years 

Borst et al. (2011) n=1 
Male 10.3 0 45.3 (g) 4.3 - 
86 years  

Kamibayashi and Richmond (1998) n=92  
7 M / 3 F 6.2 (1.1) 0−20 38.5 (9.4) (g) 5.4 (1.3) - 
66−92 years  

Van Ee et al. (2000) n=6 
4 M / 2 F - >3 - 5.5 - 
70−83 years  

Elliot et al. (2014)3 n=34 
Female - - - - 1.5 (1.4-1.6) 
26.9±5.6 years  

Li et al. (2014) n=16 
11 M / 5 F - - - - 4.54 
23−33 years  

Reddy et al. (2021) n=13 
Male - - M: 60.6 (3.2) (cm3) M: 5.5 (0.2)5 M: 9.9 (0.3)6 
30.5±1.7 years  

n=17 
Female - - F: 38.2 (1.5) (cm3) F: 3.7 (0.1)5 F: 6.7 (0.2)6  
30.8±1.7 years  

Uthaikhup et al. (2017)7 n=14 
Female - - - - 1.9 (0.3) 
64.2±4 years  

Rankin et al. (2005) n=46 
Male - - - - M: 1.8 (0.4) 
20−72 years  

n=53 
Female - - - - F: 1.3 (0.4) 
18−70 years  

Rezasoltani et al. (1998)8 n=46
M: 2.0 (0.4)

 
18 M / 28 F - - - - 
19−34 years

F: 1.6 (0.4)
 

 

CSA: cross-sectional area; F: female, M: male; MRI: magnetic resonance imaging; PSCA: physiological cross-sectional area. 1Mean values presented where relevant (stan-
dard deviation) given where available. 2Ten cadavers were included (seven males, three females) with nine used for the analysis of semispinalis capitis; however, the rep-
resentation of each sex is not clear. 3Study looks at whiplash-associated disorders measuring CSA at both C2−C3 and C5−C6. Data here given for healthy control group 
measured at the level of C5−C6. 4Study gave maximum CSA of the semispinalis capitis at C1−C2, which may account for the large number. 5Study estimated PCSA by 
dividing reconstructed muscle length by muscle volume and reporting RCSA (reconstruction-based cross-sectional area) as the equivalent of PCSA. 6Study reported ACSA 
(anatomical cross-sectional area), which was the maximum CSA of each muscle and may account for the large numbers. 7Cervicogenic headache study of older female 
sample. Data show control group with no neck pain. 8Study compares right and left side for males and females in sitting and prone positions. Data here given for right 
side in prone position.
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of semispinalis capitis ranged from 6.2−10.3 cm. As 
described above, the individual from Borst et al.[18] had 
larger values, yet it is unclear why this individual is an out-
lier. Pennation angle ranged from 0−20°, which reflects 
the morphology of this muscle attaching distally to a num-
ber of transverse processes in the cervical and thoracic 
regions of the spine. With respect to muscle size, mass was 
reported in three studies, ranging between 20.3−45.3 g. In 
two of these, data were collected from one individual[18,19] 
and fell nearly within the reported values from the third 
study (mean: 38.5, range: 21.3−55.8 g,), which included 10 
specimens.[17] Volume was reported in one imaging 
study,[39] with a mean value of 60.6 cm3 for males and 38.2 
cm3 for females. PCSA ranged between 3.1−5.5 cm2 and 
CSA was 1.3−9.9 cm2, although the larger values for CSA 
were based on maximum CSAs.[33,39] Similar to upper 
trapezius a limited number of studies provided architec-
tural data for semispinalis capitis. Additionally, there were 
differences in which architectural parameters were exam-
ined. For example, an ultrasound study reported the mean 
lateral dimension (3.73 cm for males and 3.27 for females) 
and muscle thickness (0.53 cm for males and 0.48 cm for 
females).[14] Further, a computed tomography (CT) 
study[15] provided measurements for thickness and depth, 
describing semispinalis capitis as a thin layer of muscle with 
a mean thickness of 1 cm for males and 0.8 cm for females. 
The depth measurements were taken from both the inner 
and outer muscle border to the skin giving mean depth 
measurements of 3.3 cm (inner) and 2.4 cm (outer) for 
males and 2.9 cm (inner) and 2.1 cm (outer) for females.[15] 

Function: Acting bilaterally, semispinalis capitis is a 
major extensor of the head and neck while also stabilizing 
the head,[13,16,21,22,35,40,41] although Rankin et al.[14] state that 
there are varying opinions on whether or not the muscle is 
active at rest. Acting unilaterally, it extends the head ipsi-
laterally.[21] Despite multiple studies mentioning the pres-
ence of interspersed tendons within semispinalis capi-
tis,[17,19,37] their function is not discussed in the literature. 

Sexual dimorphism: Significant differences were 
found between males and females in three studies.[14,15,39] 
These studies found sex differences when analysing vari-
ous muscle architecture parameters, including overall size 
and strength, muscle CSA, lateral dimension, and thick-
ness of the semispinalis capitis. In general, they found that 
muscles were larger in males than females.  

Nuchal ligament: The nuchal ligament, or ligamen-
tum nuchae, described as a triangular fibrous septum posi-
tioned along the midsagittal plane of the neck, serves as an 
attachment site for surrounding posterior cervical mus-
cles.[9−12,21−23] These include the upper trapezius where, as 
previously described, the right and left aponeuroses inter-

digitate across the nuchal ligament.[16,23,25,42,43] Johnson et 
al.,[42] in a detailed dissection study describe that the poste-
rior portion of the ligament is formed by the bilateral 
aponeuroses of trapezius, splenius capitis, rhomboid 
minor, and serratus posterior superior, with the anterior 
portion composed of thin connective tissue. They also 
state that the ligament is fragile and difficult to dissect, as 
it cannot be clearly differentiated from the surrounding 
muscles and tendons.  

Attachment sites: The ligamentum nuchae attaches to 
the external occipital protuberance[30] and the posterior 
spinal dura mater at C1 and C2.[9] With respect to varia-
tion, three publications state that the ligament attaches to 
the C2−C6 spinous processes,[11,42,44] while one reports that 
it does not.[9] Most studies agree that, generally, the nuchal 
ligament attaches proximally at the occiput, specifically the 
external occipital protuberance, and distally at 
C7.[12,13,21,23,25,42,43,45,46] Some studies provide additional 
descriptions that suggest that the anterior portion of the 
ligament attaches at the foramen magnum[23,46] or the pos-
terior tubercle of the atlas.[42]  

Both dissection and imaging studies report a connec-
tion between the nuchal ligament and cervical dura mater 
in the occipital region;[9,45,47] however, this connection was 
not observed by Nash et al.[48] in plastinated cadaveric sec-
tions. Additionally, Mitchell et al.[45] found that the proxi-
mal attachment site can extend bilaterally along the 
occiput as far as the temporal bone, suggesting a complex 
morphology, possibly similar to the “fan-like” portions 
described in Allia and Gorniak.[25] 

Ligament architecture: The architecture of the nuchal 
ligament is described differently in various literature hav-
ing two to four parts. Allia and Gorniak[25] define four 
parts: a cord-like portion, running from the occiput to the 
C7 spinous process in the midline; a septum that connects 
this cord anteriorly to the spinous processes; a large “fan-
like” portion attaching to the occiput; an additional small 
“fan-like” portion, inferior to the large one, also attaching 
to the occiput. Fielding et al.[23] similarly describe it as tri-
angular shaped, attaching anteriorly to the cervical spinous 
processes, and composed of two portions: lamellar (anteri-
or) and funicular (posterior), similar to the descriptions of 
Kadri and Al-Mefty[43] and Takeshita et al.[46] Kadri and Al-
Mefty[43] further describe the lamellar portion as superfi-
cial at the level of C6 and C7, but deep at the level of C1. 
The lamellar and funicular portions are described in 
Standring[13] as the median septal and dorsal raphe por-
tions, respectively. 

One study identified part of the nuchal ligament as a 
separate entity, which they referred to as the “to be named 
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ligament”.[49] They defined it as a band of fibrous tissue 
arising from the nuchal ligament and extending anteriorly 
at C1 and C2. However, the description of this fibrous 
band is consistent with definitions of the lamellar portion 
in four other studies and is likely referring to this segment 
of the ligament.[23,25,46,48]  

No data were found that discuss the standard length, 
width, thickness, mass, volume, or CSA of the nuchal lig-
ament. A dissection study of 30 individuals is the only pub-
lication that provides some measurements, which are relat-
ed to the width (several mm to 1.5 cm) and length 
(0.03−1.0 cm) of the occipital attachment.[9] These data are 
more appropriately associated with the enthesis rather 
than the architecture of the ligament itself.  

Function: The nuchal ligament comprises strong, elas-
tic connective tissue[12,25,43] that contributes to stabilizing 
the head and neck during movement, particularly rotation 
and flexion.[45,46] The elastic fibers provide flexibility, 
allowing the ligament to stretch and return to its normal 
length.[16] Johnson et al.[42] suggest the architecture of the 
nuchal ligament indicates that it directs forces from the 
associated muscles to the lower cervical spine to prevent 
unnecessary loading on the upper neck.  

Sexual dimorphism: No sex differences of the nuchal 
ligament were discussed in any of the publications 
reviewed. 

Mastoid Process 
Three muscles that attach to the mastoid process have 
been included in this review: sternocleidomastoid, splenius 
capitis, and longissimus capitis. These muscles lie from 
superficial (sternocleidomastoid[8]) to deep (longissimus 
capitis[8,14]) in the neck.[14,15,37] Fifteen publications (six dis-
section, nine imaging) provide architectural data for stern-
ocleidomastoid, alongside an additional 13 publications 
specifically related to observations of anatomical variation. 
For splenius capitis, multiple studies discussed this muscle, 
with architectural data available in four dissection and five 
imaging studies. Less research has focused on longissimus 
capitis, with architectural data reported in five (four dis-
section, one imaging) studies.  

Sternocleidomastoid: Sternocleidomastoid is a long, 
flat, oblique, superficial muscle enclosed in deep fas-
cia.[8,13,21] It has a thick centre and broad ends[12,13,21] and can 
generally be divided into four segments, variable in size,[50] 
based on attachment sites: sternomastoid, sternooccipital, 
cleidooccipital, and cleidomastoid.[17,38,50] Kamibayashi and 
Richmond[17] describe the first three of these segments as 
superficial and parallel to one another, while the fourth lies 
deeper at a different orientation. The sternocleidomastoid 

separates the neck into the anterior and posterior triangles, 
and is covered by platysma[12,21,22,24] and the superficial layer 
of deep cervical fascia.[51] Anatomical variation is common 
in this muscle[12,21,52,53] and is described below. 

Attachment sites: Sternocleidomastoid attaches distal-
ly to the sternum (manubrium) and clavicle, and proximal-
ly to the mastoid process and superior nuchal 
line.[8,13,16−19,22,24,29,30,38,50,51,54] It separates inferiorly at its dis-
tal attachment and has a thick proximal attachment.[51] 
Houseman et al.[8] and Rea[24] give more detail to this 
description with distal attachments at the anterior surface 
of the manubrium and superior medial third of the clavi-
cle and proximal attachments at the outer mastoid process 
and lateral superior nuchal line. The clavicular attachment 
is detailed in Phadnis and Bain[29] as arising from the medi-
al curve of the posterior surface, opposite to the pectoralis 
major clavicular head and lateral to the sternohyoid clavic-
ular attachment. Taken together, these studies largely 
agree that the sternocleidomastoid attaches distally to the 
medial half of the clavicle and anterior manubrium and 
proximally to the mastoid process and lateral superior 
nuchal line.  

Some publications provide enthesis information for 
sternocleidomastoid. The manubrium attachment is 
round and tendinous and the clavicular attachment as flat, 
wide, and variable in size,[13,16] while the proximal attach-
ment is described as thick.[51] Lee et al.[54] report data for 
the manubrial attachment with an enthesis area of 8.3 
(range: 6.8−9.9) cm2. No data are available for the clavicu-
lar or cranial entheses. 

Muscle architecture: Muscle architecture data are pre-
sented in Table 3. Fascicle length ranged between 
11−14.1 cm, with the males from the study by Kennedy et 
al.[50] exhibiting the highest mean values. The range for 
pennation angle from these studies was 0−20° and is con-
sistent with the variable angles seen across the four differ-
ent sections of this muscle. Of the five studies that provid-
ed values for mass/volume, data from three were obtained 
from dissection, one from both dissection and imaging 
(MRI), and one from imaging (MRI). Mass obtained from 
cadaveric specimens had a small range (38.8−40.4 g), 
showing consistency across these studies.[17−19] Volume 
from dissection, however, was smaller at 24.8 cm3 for 
males and 15.2 cm3 for females.[50] Compared with dissec-
tion, the volume obtained via imaging was larger,[39,50] 
although the volume for females from Kennedy et al.[50] 
fell within range of the reported masses from the above 
dissection studies.  

The PCSA ranged between 1.3−4.9 cm2 across all dis-
section studies, with the reported mean PCSA from an 
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Table 3 
Muscle architecture data for sternocleidomastoid.

Fascicle1 Muscle1 

 Pennation Volume (cm3)  
Study Sample/sex/age Length (cm) angle (°) or mass (g) PCSA (cm2) CSA (cm2) 

Bayoglu et al. (2017) n=1 
Male 11 0 38.8 (g) 3.8 - 
79 years 

Borst et al. (2011)2 n=1 
Male 13.9 0 39.2 (g) 2.9 - 
86 years  

Kamibayashi and Richmond (1998) n=92   
7 M / 3 F 11.8 (0.9) 0-20 40.4 (9.0) (g) 3.7 (0.9) - 
66−92 years  

Van Ee et al. (2000) n=6 
4 M / 2 F - >3 - 4.9 - 
70−83 years  

Dissection n=6 M: 14.1 (0.8) 
-

24.8 (3.9) (cm3) 1.8 (0.3)
-

 
Kennedy et al. 3 M / 3 F F: 12.3 (1.6) 15.2 (4.8) (cm3) 1.3 (0.3) 
(2017) 63−93 years

- -
M: 72 (8.0) (cm3)

- -
 

Imaging F: 39.4 (12) (cm3) 

Dawson et al. (2013) n=10 

10 M - - - - 5.3 (0.8) 

26−54 years  

De Loose et al. (2009)3 n=25 

25 M - - - - 6.3 (1.1) 

20−40 years  

Elliot et al. (2014)4 n=34 

Female - - - - 2.3 (2.2−2.4) 

26.9 (5.6) years  

Li et al. (2014) n=16 

11 M / 5 F - - - - 5.0 

23−33 years  

Reddy et al. (2021) n=13 

Male - - M: 107.9 (6.4) (cm3) 5.6 (0.3)5 9.9 (0.6)6 

30.5 (1.7) years  

n=17 

Female - - F: 72.7 (3.5) (cm3) 4.1 (0.2)5 7.1 (0.4)6 

30.8 (1.7) years  

Uthaikhup et al. (2017)7 n=14 

Female - - - - 10.1 (0.7) 

64.2 (4) years  

Alsalaheen et al. (2019) n=34
M: 4.1 (0.8)

 

20 M / 14 F - - - -  

18−30 years
F: 2.8 (0.5)

 

Botticchio et al. (2021) n=17 

12 M / 5 F - - - - 3.9 (0.6) 

22.2 (1.9) years  

Kim et al. (2021) n=18 

11 M / 7 F - - - - 1.4 (0.6)8 

79.2 (10.7) years  

CSA: cross-sectional area; F: female, M: male; MRI: magnetic resonance imaging; PSCA: physiological cross-sectional area. 1Mean values presented where relevant (stan-
dard deviation) given where available. 2Ten cadavers were included (seven males, three females) with nine used for the analysis of sternocleidomastoid; however, the rep-
resentation of each sex is not clear. 3Data given for right side only. Fighter pilot neck pain study. Data here show control group with no neck pain. 3Study looks at whiplash 
associated disorders measuring CSA at both C2−C3 and C5−C6. Data here given for healthy control group measured at the level of C5−C6. 5Study estimated PCSA by 
dividing reconstructed muscle length by muscle volume and reporting reconstruction-based cross-sectional area (RCSA) as equivalent of PCSA. 6Study reported anatom-
ical cross-sectional area (ACSA), which was the maximum CSA of each muscle and may account for the large numbers. 7Cervicogenic headache study of older female 
sample. Data show control group with no neck pain. 8Ultrasound measurements taken on cadaveric material at upper, middle, and lower sections of the muscle. The CSA 
reported here is for the middle measurement.
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ultrasound study[55] also falling within this range. 
Estimated PCSA from another imaging (MRI) study[39] 
showed larger values for males (5.6 cm2), with only 
females falling in the range of the other studies (4.1 cm2). 
As seen above, the Kennedy et al.[50] study had the lowest 
values, but it is unclear why, as the age ranges are simi-
lar for all publications. Additionally, a large range is evi-
dent for CSA obtained via imaging (1.4 cm2 to 10.1 cm2), 
which is higher than the dissection data, although with 
some overlap. 

Function: Sternocleidomastoid, when contracting 
bilaterally is primarily a cervical flexor,[41] producing flex-
ion of the lower cervical spine, and concomitant extension 
of the upper cervical levels.[12,13,16,21,22] It contributes to 
other movements such as contralateral rotation and later-
al bending,[20,21,51] with unilateral activation resulting in 
ipsilateral lateral flexion coupled with contralateral rota-
tion.[24] Both sides also work together to elevate the clavi-
cle and sternum during inspiration,[13,16] and the sternal 
head supports the sternoclavicular joint anteriorly.[30]  

Anatomical variation: Anatomical variation has been 
regularly observed with case reports published on single 
cases,[56−66] although a few studies have looked at variation 
in multiple subjects.[52,53] Most of the case studies report 
bilateral supernumerary heads of the sternocleidomas-
toid,[58,61−64,66] while some observed additional heads on 
either the left[56,57,59,60] or right[65] side.  

In these studies, populations represented included 
American-European,[58] Brazilian,[56] European,[64] 
Greek,[62] Indian,[52,57,65] Korean,[60,61,63] Spanish[53] and 
Turkish.[59,66] Additionally, males are over-represented in 
case studies on single individuals,[56−62,65,66] with only two 
studies discussing females.[63,64] This may suggest that 
females are not commonly studied, or that males exhibit 
variation in this muscle more regularly than females. Two 
cadaveric studies[52,53] that examined multiple individuals 
from both sexes reported variation only in males, in five[52] 
and three[53] of 18 cadavers, in each study.  

Sexual dimorphism: Kennedy et al.[50] reported signif-
icantly larger sternocleidomastoid volume in males com-
pared with females, from both dissection and MRI data. 
Similarly, Alsalaheen et al.[55] found significant differences 
in a number of architectural parameters, including PCSA, 
with larger values in males. Additionally, Reddy et al.[39] 
reported that males had significantly larger and stronger 
neck muscles than females, including sternocleidomastoid. 

Splenius capitis: Splenius capitis is in the second layer 
of the posterior neck[14,15,37] deep to trapezius and stern-
ocleidomastoid,[8,13,16] although the fibers do not cross the 

midline like the trapezius.[25] Splenius capitis and cervicis 
form a layer over semispinalis capitis, and in cross-section 
splenius capitis can be seen as a distinct layer between 
trapezius and semispinalis capitis.[38] It should be noted 
that some authors consider splenius capitis and cervicis as 
a single muscle due to their continuity[17,67] and Vasavada et 
al.[20] reported that splenius cervicis is contiguous distally 
from splenius capitis and may, therefore, not be distin-
guishable at times. All other studies analyzed these two 
muscles separately. 

Attachment sites: Splenius capitis attaches proximally 
to the mastoid process, lateral third of the superior nuchal 
line, and occiput and distally to the inferior half of the lig-
amentum nuchae and adjacent spinous process-
es.[8,11−13,16−18,21,22,25,30,38,67] Some variation exists mainly with 
respect to the distal attachment. However, most studies 
agree that splenius capitis attaches distally at the nuchal 
ligament (C3 to C7) and spinous processes, from C7 to 
T4.[8,11,17−20,25,38] No data were provided for either proximal 
or distal attachment site morphology for this muscle, such 
as the size of the tendinous enthesis.  

Muscle architecture: Muscle architecture data are 
shown in Table 4. Mean fascicle length ranges between 
8−10.5 cm, with the individual from Borst et al.[18] again 
exhibiting the largest values. However, the range for fasci-
cle length reported by Kamibayashi and Richmond[17] does 
encompass the entirety of the reported values (7−10.7 cm). 
Pennation angle was consistent throughout studies with a 
range of 0−5°.  

For mass, three dissection studies provided data, two of 
which included one individual, and one of which dissected 
splenius capitis and splenius cervicis together.[17−19] The 
combination of these muscles is reflected in the larger 
value for mass (42.9 g) from Kamibayashi and 
Richmond[17] compared with the other studies (14.6–27.1 
g). Additionally, three dissection studies provided PCSA 
for splenius capitis with a range of 2.0−3.1 cm2,[18,19,32] with 
the outlier value of 4.3 cm2 for both splenius capitis and 
cervicis.[17] Values for CSA from imaging (1.5−3.8 cm2) 
were consistent with PCSA obtained from dissection, 
although the large value from Li et al.[33] may be related to 
them reporting a maximum CSA.  

In addition to the data presented in Table 4, Mayoux-
Benhamou et al.[15] provided CT data for thickness and 
depth. They describe splenius capitis as a very thin muscle, 
with a mean thickness of 0.7 cm in males and 0.5 cm in 
females. The mean depth from the inner muscle border to 
skin was 1.9 cm for males and 1.7 cm for females, while the 
outer muscle border to skin depth was reported as a 1.3 cm 
for males and 1.2 cm for females. 
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Function: Splenius capitis acts as a cervical extensor 
when activated bilaterally[12,13,21,22,41,67] and produces ipsilat-
eral axial rotation and lateral flexion of the 
head.[12,13,16,20−22,67] Additionally, it reinforces the nuchal lig-
ament and provides stability to the upright head and 
neck.[12,25] 

Sexual dimorphism: A CT study by Mayoux-
Benhamou et al.[15] found that mean muscle thickness 
and depth were significantly larger (p<0.05) in males 
than females. Keidan et al.[67] found significant sex differ-
ences in splenius capitis and cervicis attachment sites in 
35 cadavers (19 females, 16 males), with muscles cover-
ing more of the posterior neck in males than females.  

Longissimus capitis: The longissimus capitis, also 
called trachelo-mastoideus in historical texts,[12,13,21,30] is a 

long, thin muscle located in the third layer of the 
neck.[8,13,14,16] Longissimus is made up of three muscles – 
capitis, cervicis, thoracis – which extend from the mastoid 
process of the cranium to the lumbar vertebrae and form 
part of the erector spinae group.[13,20] Longissimus capitis is 
a continuation of longissimus cervicis.[17] Kamibayashi and 
Richmond[17] also describe it as a fleshy muscle that is dif-
ficult to dissect, due to its close adherence to the bone in 
several places. This is further complicated by the presence 
of intermediate tendons.[12,19]  

Attachment sites: Longissimus capitis attaches proxi-
mally to the posterior aspect of the mastoid pro-
cess[12,13,16,19,20,30] with a flat tendinous attachment.[21] 
Distally, it attaches at the transverse processes of the lower 
cervical and upper thoracic vertebrae.[8,13,16−21,38] The distal 
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Table 4 
Muscle architecture data for splenius capitis.

Fascicle1 Muscle1 

 Pennation  
Study Sample/sex/age Length (cm) angle (°) Mass (g) PCSA (cm2) CSA (cm2) 

Bayoglu et al. (2017) n=1 
Male 8.0 0 14.6 2.0 - 
79 years 

Borst et al. (2011) n=1 
Male 10.5 0 27.1 2.5 - 
86 years  

Kamibayashi and Richmond (1998) n=92   
7 M / 3 F 8.6 (1.1) 0−5 42.9 (13.8)3 4.3 (1.0)3 - 
66−92 years  

Van Ee et al. (2000) n=6 
4 M / 2 F - >3 - 3.1 - 
70−83 years  

Dawson et al. (2013) n=10 
Male - - - - 2.5 (0.3) 
26−54 years  

De Loose et al. (2009)4 n=25 
Male - - - - 2.9 (0.7) 
20−40 years  

Elliot et al. (2014)5 n=34 
Female - - - - 1.9 (1.8−2) 
26.9±5.6 years  

Li et al. (2014) n=16 
11 M / 5 F - - - - 3.86 
23−33 years  

Uthaikhup et al. (2017)7 n=14 
Female - - - - 1.5 (2.1) 
64.2±4 years 

CSA: cross-sectional area; F: female, M: male; MRI: magnetic resonance imaging; PSCA: physiological cross-sectional area. 1Mean values presented where relevant (stan-
dard deviation) given where available. 2Ten cadavers were included (seven males, three females) with nine used for the analysis of splenius capitis; however, the repre-
sentation of each sex is not clear. 3This study considered splenius capitis and cervicis together, hence the larger mass and PCSA values. 4Data given for right side only. 
Fighter pilot neck pain study. Data here show control group with no neck pain. 5Study examines whiplash associated disorders measuring CSA at both C2−C3 and C5−C6. 
Data here given for healthy control group measured at the level of C5−C6. 6Study provided maximum CSA of splenius capitis at C2−C3 and C6−C7, which may account 
for the large number. 7Cervicogenic headache study of older female sample. Data are for the control group with no neck pain.
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attachments may vary, although are consistently in the 
same region: C2−C6,[17] C3−T5,[19] C4T2,[18] C4−T4,[38] 

and T1−T4.[8] Enthesis morphological data for longis-
simus attachment sites were not provided. 

Muscle architecture: There were fewer studies on the 
longissimus capitis than on the other muscles covered in 
this review, which resulted in limited architectural data 
(Table 5). Two studies provided mean fascicle length (6.5 
and 7.2 cm), and despite having data from only two indi-
viduals, both lengths are similar.[18,19] These studies also 
reported muscle mass with similar consistency between 
individuals (3.9 and 5.5 g). A third study provided estima-
tions of length and mass from two individuals in their 
study, which appears to include the entirety of the muscle 
and tendon.[17] Pennation angle is consistent at less than 3°. 
PCSA ranged between 0.6–1.0 cm2, with a slightly larger 
reported CSA value of 1.2 cm2. No studies reviewed 
observed variation between males and females for the 
longissimus capitis muscle.  

Function: The longissimus capitis stabilizes the verte-
bral column and cranium.[8] It contributes to extension of 
the head and neck[67] and unilaterally, produces ipsilateral 
axial rotation of the head[20] and lateral flexion of the cer-
vical vertebrae.[21,67]  

Discussion 
The soft tissues associated with the nuchal crest and 
mastoid process contribute to the musculature of the 

head and neck, with their proximal attachments directly 
associated with the skeletal landmarks and their distal 
attachments covering broad areas of the cervical verte-
brae, clavicle, and sternum/manubrium. Collectively, the 
associated muscles range from small to large, with the 
smallest dissection PCSA reported for longissimus capi-
tis (0.6 cm2)[19] and the largest for sternocleidomastoid 
(4.9 cm2).[32] Imaging CSA values showed a large range 
from 1.2 cm2 for longissimus capitis[33] to 36 cm2 for upper 
trapezius,[33] although this large measurement was based 
on a single maximum CSA measurement at the level of C6 
and C7. These soft tissues also contribute to the stability 
and movement of the head, neck, and shoulders. 
Specifically, upper trapezius, semispinalis capitis, splenius 
capitis, and longissimus capitis act as extensors of the neck 
when contracting bilaterally,[8,12,13,16,21,22,35,40,41,67] while 
sternocleidomastoid acts as a flexor[12,13,16,21,22,41] and the 
nuchal ligament provides stabilization.[45,46] They also 
contribute to cervical rotation and lateral flexion. The 
reviewed literature that discussed function focused most-
ly on the muscles’ concentric actions, with limited dis-
cussion of eccentric muscle contraction. The emphasis 
on concentric functions in the existing literature suggests 
that research in this area should aim to explore more dis-
tinct muscular functions. 

Although descriptions of the cervical muscles and 
nuchal ligament are numerous, there are limited architec-
tural data presented in dissection and imaging studies. 
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Table 5 
Muscle architecture data for longissimus capitis.

Fascicle1 Muscle1 

 Pennation  
Study Sample/sex/age Length (cm) angle (°) Mass (g) PCSA (cm2) CSA (cm2) 

Bayoglu et al. (2017) n=1 
Male 7.2 0 3.9 0.6 - 
79 years 

Borst et al. (2011) n=1 
Male 6.5 0 5.5 0.8 - 
86 years  

Kamibayashi and Richmond (1998) n=92  13−18  
7 M / 3 F (muscle-tendon - 16−24 - - 
66−92 years length)  

Van Ee et al. (2000) n=6 
4 M / 2 F - >3 - 1.0 - 
70−83 years  

Li et al. (2014) n= 16 
11 M / 5 F - - - - 1.2 
23−33 years 

CSA: cross-sectional area; F: female, M: male; MRI: magnetic resonance imaging; PSCA: physiological cross-sectional area. 1Mean values presented where relevant (stan-
dard deviation) given where available. 2Data are estimated from two individuals, PCSA value not provided.
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Additionally, very few provide complete or uniform data. 
Some dissection studies reviewed here do report on sever-
al architectural parameters,[17−19] although two only includ-
ed one individual.[18,19] Conversely, imaging studies often 
provide CSA measurements, with limited information on 
other architectural parameters.  

The most widely studied muscles were upper trapezius 
and sternocleidomastoid. Five dissection studies provided 
architectural data for these muscles with four overlapping 
publications[17−19,32] and one study each, which explored 
trapezius[10] and sternocleidomastoid[50] individually. The 
architectural data for all other muscles were derived from 
the same four dissection studies that examined multiple 
muscles in the head, neck, and shoulders.[17−19,32] This illus-
trates that further studies are required to provide architec-
tural data for these groups and segments of muscles. The 
imaging studies were more variable in representation of 
muscles, and one encompassed all the muscles in this 
review.[33] However, the measurements were often not as 
comparable due to the reporting of a maximum CSA 
value. Sternocleidomastoid was the most widely analyzed 
muscle with data from seven imaging stud-
ies,[33,34,41,50,55,68,69] although the study by Kennedy et al.[50] 
focused mostly on dissection, providing volume data 
from MRI. Longissimus capitis had the least amount of 
data, with architectural measurements limited to one 
imaging study,[33] which reflects the few studies that dis-
cussed this small muscle. Also, as described above, no 
architectural data was provided for the nuchal ligament, 
with the exception of the size of its enthesis on the cra-
nium.[9] 

With the exception of two studies that provided enthe-
sis morphology of the nuchal ligament and sternocleido-
mastoid,[9,54] no other data were available for the size or 
shape of tendinous attachments or ligament entheses. 
Additionally, the existing literature does not provide 
detailed information for attachment sites, such as the loca-
tion of attachment on the mastoid process. Further explo-
ration in this area would assist in informing research into 
sexual dimorphism in the skeleton as it relates to muscular 
and skeletal robusticity. It may also improve our under-
standing of how soft tissues interact with the skeleton in 
other contexts. For example, some research in bioarcheol-
ogy examines entheses to study activity markers on the 
bone,[70,71] and data from anatomical studies could inform 
future research in this area.  

Another area with limited discussion was the variation 
between dissection and imaging studies. One study com-
pared data from both,[50] while another completed an 
imaging study on a cadaveric population.[72] As seen in the 

ranges of measurements, imaging values were higher than 
those obtained from dissection, specifically for sternoclei-
domastoid.[50] This is to be expected given the older age of 
cadaveric specimens, compared with living individuals, 
and possible tissue shrinkage related to preservation pro-
cesses.[50,72] Additionally, there may be a higher incidence 
of error in imaging studies, particularly when assessing 
single slice CSA measurements.[38,68] Finally, few publica-
tions addressed sex or population differences. Although 
sexual dimorphism was observed in four muscles – upper 
trapezius, semispinalis capitis, sternocleidomastoid, and 
splenius capitis – this was discussed in only six of the 19 
studies[14,15,36,50,55,67] that provided architectural data. Of the 
other 13 studies, two included one individual,[18,19] four 
studied one sex,[34,41,68,69] one did not provide a breakdown 
of sex,[10] and six provided data for both sexes, but did not 
assess sexual dimorphism.[17,32,33,37,72,73] With the knowl-
edge that sex differences do exist in humans, it seems rel-
evant that potential variation in anatomical parameters 
between sexes should be consistently addressed. The field 
of anatomy would benefit by including both males and 
females in research to understand the role that sexual 
dimorphism plays not only for anthropological research, 
but also in terms of clinical and functional applications. 
Similarly, understanding of population variation in these 
muscles is limited. Although the studies reviewed were 
from diverse regions of the world – which was especially 
apparent in case reports of anatomical variation in stern-
ocleidomastoid – only one discussed the possibility that 
population differences may influence their findings.[72] 

Despite the amount of information available on the 
soft tissues associated with the nuchal crest and mastoid 
process, there are still some gaps in the literature that 
need to be addressed. Based on this review, it is clear that 
further research is warranted to provide comprehensive 
and uniform data on posterior cervical muscle architec-
ture and entheses morphology, incorporating diverse 
populations and age groups. Moreover, although sexual 
dimorphism and population differences has been consid-
ered in some studies, these areas of require exploration in 
future studies.  
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Introduction 
Knowledge of the technique of body restoration, recov-
ery and embalming of corpses is important both from an 
ethical point of view and from an identification point of 
view. Despite the development of virtual approaches, 
conventional autopsy remains one of the main methods 
of forensic medicine. Knowing appropriate body restora-
tion procedures is essential to treat the body in a digni-
fied and ethical manner. Ideal treatment depends on 
accurate skin incisions. National laws of each country 
regulate the body handling after the death. In Europe 
e.g., Recommendation no. R (99) 3 of Cabinet Ministers’ 
Comittee on the coordination of medical-legal autopsy 
rules; Council of Europe from 2000 and Europen rule of 
funeral services EN 15017:2005. Another example, in 
the Russian Federation, this matter is regulated by the 
Federal law from 1996 N 8-FZ “Burial and funeral ser-
vices” and regional laws, e.g., the Law of the City of 
Moscow from 1997 no. N 11 and Federal Law of 2011 N 
323-FZ “Basis on protecting the health of citizens in the 
Russian Federation”.  

By volume and purpose, the methods of handling 
corpses can be divided into several groups. The aim of 

this review is to suggest the techniques of body restora-
tion after autopsy and the possibility of embalming doc-
umenting the experience of our Institutions.  

Basic Body Restoration After Autopsy 

It is performed after each autopsy. The fluids are 
removed from the open cavities by inserting absorbent 
material into the cranial cavity, neck and pelvis. Dissected 
organs are inserted back into the open chest and abdom-
inal cavity. Cavities are covered with absorbent material, 
sternum placed in a position and the skin is sewed up 
using the main autopsy suture (Figure 1) with a needle 
puncture at a distance of 0.5–1 cm from the skin incision 
is sewed up and the body is washed. The stomata and 
additional openings are closed with a tobacco or Z-
shaped stitch (Figures 2 and 3).  

Body Restoration After Special Autopsy 
Techniques 

An enucleated eyeball replacement can be shaped from 
a self-hardening mixture (selfpolymerizing resins, model-
ing materials, etc.) of an appropriate shape and size and 
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fixed in a suitable position. Finally, an artificial eye cap is 
placed under the eyelids. In organs where enucleation is 
carried out in short postmortem intervals, “hematoma” 
and edema of the paraplasmic tissues are possible. This 
artefact can be repaired by dehydration with concentrated 
ethanol followed by cosmetic adjustment. It is possible to 
replenish the volume of the destroyed eyeball by injecting 
a fixation fluid. Reconstruction of the damaged part of the 
orbit with the eyeball consists of replacing the removed 
part of the bone with a suitable material and treatment of 
soft tissues.[1] Modification after skull base block removal is 
possible using a carotid siphon for fixation of the lower jaw 
and repair of soft tissues with a suitable epoxy adhesive.[2] 
Adjustment after opening the mouth; the removed bone is 
replaced with a 3D print or with a suitable casting from a 
different material such as wood.[3] 

Reconstruction after block evisceration of the 
spinal cord by dorsal approach: the spinal canal is filled 
with an absorbent material with a retainer, or when fixing 
the cervical segment of the spine, e.g., with a wire strip 
wrapped around by a dressing. Removing spinous process-
es, drilling opposite holes in the occipital bone both at the 
distal part and at the base and wiring them provide sup-
port. Next step is sealing the base with absorbent material, 
and also the subcutaneous tissue of the back and neck. If 
the part of the skull’s base is removed, a suitably sized pros-
thesis is inserted and secured with screws and tiles.  

Reconstruction after dissection of the subcutaneous 
tissue, vessels, etc.: The soft subcutaneous tissue is treat-
ed with a denaturing agent, a fixative and introduced by an 
absorbent material. The application of a glove or intrader-
mal suture depends on the location; it is also possible to 
use cyanoacrylate or tissue adhesive subcutaneously.[4] In 
Russian Federation, the removed part of the skull is usu-
ally replaced with a casting from Polyvik polymer (Russian 
Federation Company) which hardens in 10–15 minutes. 

The base of the skull is covered with long strips of rag 
soaked in a creamy gypsum mixture. Two strips 50 cm long 
are casted into the casting for subsequent fixation of the 
position in the temporoparietal and occipital regions and 
fixed on the skull and spine. The fixation of the occipital 
region to the spine is performed in the cervical spine or to 
the clavicle and from the temporoparietal regions towards 
the mandibular rami. Subsequently, soft tissue correction is 
performed.[5] Reconstruction after opening the face con-
sists of replacing the removed part of the bones with a suit-
able material, for example, a 3D print.[6] Lobes of soft tis-
sue are fixed with epoxy resin or internal sutures through 
small holes drilled into the bone. Processing of soft tissues 

Figure 1. Basic autopsy suture. Graphics by Jiri Tauš. 

Figure 3. Z suture. Graphics by Jiri Tauš. Figure 2. Tobacco stitch. Graphics by Jiri Tauš. 
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is difficult at the root of the nose, zygomatic arches and 
inner corners of the eyes.[7] A piece of cotton wool soaked 
in 10% formalin is introduced into the external auditory 
canal. The removed bones are replaced with a 3D print or 
wooden prosthesis, and their position is fixed with a cable 
tie or wire. The volume of soft tissues is regulated, for 
example, with a cloth. Finally, the soft tissues are processed 
as described above.  

Extended Body Restoration (Health and 
Safety Protocol) 
It consists of adjusting the eyelids, closing the mouth, 
adjusting the hair, and closing the openings/holes in the 
body. These adjustments are made at the request of the 
relatives or according to the requirements. The cranial 
cavity is filled with absorbent material. The base and 
vault of the skull are limited from movement by holes in 
the temporal and occipital regions through which the 
wires pass, then the absorbent material is inserted under 
the soft integument of the skull and sutured. The eyelids 
are closed in a 2:3 ratio of the lower and upper eyelids 
with a plastic eyelid. An absorbent material is injected 
into the oral cavity and nasal cavity. The mouth is closed 
with an internal suture running from the base of the 
mandible through the vestibule of the mouth through 
the nasal septum back into the oral cavity where the knot 
is tied (Figure 4). Hairs are washed dry or damp. After 
dissection, the clavicles can be brought together using a 
cable tie through the drilled holes. The skin of the skin 
incision in the thoracic and abdominal cavities can be 
perforated before suturing, for example, with a Malco 
HP18 sheet metal punch.[8] The sharp edges of the ribs 

are covered with a suitable material. The penis is closed 
by a ligament in a condom. An absorbent material soaked 
in a preservative solution is inserted into the rectum and 
vagina. The whole body is washed with aromatic disin-
fectant soap. Nail care products and cosmetics can be 
applied with makeup brush or with an airbrush.  

Reconstruction of body parts damaged mechanical-
ly or otherwise is performed to reduce the psychological 
trauma of person providing identification. When carrying 
out reconstruction it is important to observe the anatom-
ical structures using correct proportions. Part of the 
destroyed skeleton is replaced, for example, with a 3D 
print, a polyurethane prosthetics,[9] plasticine blocks[10] and 
other materials. Lobes of soft tissues are collected by 
stitching them with intradermal (Figure 5) and other 
sutures or cyanoacrylate glue and attached to the sub-
strate, e.g., using epoxy resin. The missing parts of soft tis-
sues can be replaced with an autocutaneous graft or recon-
structive wax, followed by surface cosmetic adjustments. 
The restoration can be made from pulp, plaster, bone 
paste, cotton, paraffin-impregnated cellulose, wool and 
other materials. When the frame is complete or there are 
most of the fragments of the frame, they are cleaned, 
drilled, and wired or connected with small plates. After 
assembly, the skeleton of the skull is wrapped with foil and 
a light plaster of paris is poured through a small hole in the 
temporal bone to strengthen it.[11−15] In some cases, it is 
possible to perform computed tomography of the dam-
aged head with a virtual reconstruction of the skull for 
subsequent printing missing elements using a 3D printer. 
If most of the frame is missing, it is necessary to replace 
this part, for example, with a modified 3D casting. If it is 

Figure 4. Internal suture to close the lips. Graphics by Jiri Tauš. 
Figure 5. Possibilities of correcting soft tissue defects with various sutures 
and wax. Graphics by Jiri Tauš. 
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necessary to correct the surface of the subcutaneous tissue, 
it can be used by injecting a mixture of 8 parts of paraffin 
and 2 parts of white petroleum jelly, heated to 44 °C, fol-
lowed by cooling or Celladamm 16−20%, white beeswax 
55−70%, paraffin 6−19% and petroleum jelly 6−12%.[16] 
Bruises on the skin can be removed by wiping with special 
soap with a shaving brush for about one hour. Removal of 
swelling of facial tissues has been accomplished with anhy-
drous embalming with compresses. Partial drying of small 
skin areas, parchment-like, can be eliminated, in particu-
lar, with a solution of water, acetic acid and hydrogen per-
oxide. For example, to reduce the results of putrefactive 
processes, the head tissues could be impregnated with 
preservative solution via blood vessels and impregnation 
takes 24 hours with a solution of 750 ml of formalin, 2250 
ml of deodorant, 750 ml of isopropyl alcohol, 750 ml of 
alaminol and up to 9000 ml of water. Then the tissues are 
fixed in a solution of 125 ml of formaldehyde, 1000 ml of 
hydrogen peroxide, 1000 ml of acetic acid, 500 ml of iso-
propyl alcohol, 500 ml of deodorant, 250 ml of alaminol 
and 10,000 ml of water.[17] This preservation procedure is 
performed to reduce the psychological trauma of individ-
uals providing identification, should such procedure be 
required. 

Preservation of the corpse or part of it is usually 
performed before reconstruction of soft tissues, before 
using some complex autopsy methods, at the request of 
relatives, for shortterm storage or for shipping to tem-
porarily prevent the development of post-mortem 
changes. This can be done arterially or by injecting a 
preservative solution into the subcutaneous tissue 
(Figure 6). For temporary preservation, a 5−10% aque-

ous solution of formalin with other substances is the 
most preferable to use.[18] Solution options: 5−10% 
formaldehyde solution, 50−96% alcohol, 5−10% phenol 
solution or 0.2−0.7% anolyte solution.[19] 

Body embalming has been performed at the request 
of relatives for a funeral ceremony or in relation to the 
international transport to suspend decomposition pro-
cesses. Either commercially produced, for example, 
Dodge Company, Arthyl 26 Hygeco France and others, 
or experimentally mixed solutions of formaldehyde, 
ethanol, phenol, glycerin, water and other components 
are used. Other solutions suggestions include:  
• sublimate 10 g, formalin 100 ml, alcohol 200, water 

700;  
• formalin solution 150 ml, alcohol 200 ml, water 650 

ml, potassium acetate 50 g; 
• zinc chloride solution 50 g, formalin 100 ml, alcohol 

200 ml, water 650 ml;  
• solution for Vyvodtsev;  
• glycerin 1700 ml, water 1000 ml, thymol 5 g (previ-

ously dissolved in alcohol);  
• glycerin solution 600 ml, alcohol 200, formalin 200 

ml, potassium acetate 30 g;  
• solution of Melnikov-Razvedenkov;  
• glycerin 200−600 ml, potassium acetate 200−800 g, 

water 1000 ml.[20]  
Perfusion is carried out manually with a syringe, hand 

pump, gravity flow from a height of 2.5 m, peristaltic or 
embalming pump. The volume of the embalming solu-
tion is usually 7 to 14 liters. The choice of the volume 
and composition of the solution depends on the size of 
the body, the degree of postmortem changes, the cause 
of death and other aspects. The most used perfusion site 
is through the femoral artery or the common carotid 
artery. It is also possible to use the ulnar, radial, brachial, 
or tibial arteries, etc. After arterial embalming, the open-
ings of perfusion sites are closed with absorbent materi-
al, tissue glue and skin suture.  

Body Embalming Without Autopsy  
It is performed through an intact arterial bed with 
venous drainage, fan-shaped aspiration of the contents of 
the body cavities followed by the introduction of an 
embalming solution or subcutaneous injection into the 
limbs, face or chest and abdominal cavities.  

Embalming the Body After Autopsy  
Residual fluid is removed from open body cavities, limbs 
and head are sprayed onto the severed ends of the 
femoral, brachial, and common carotid arteries. The dis-

Figure 6. Points of injection of the fixing solution into the subcutaneous 
tissue of the face. Graphics by Jiri Tauš. 
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sected organs are placed in a plastic bag with a solution 
for embalming, sealed and inserted into the cavity. After 
the completion of the injection of the vessels of the limb, 
an additional injection of the subcutaneous tissue of the 
chest cavity is performed. The holes and incisions on the 
body are sealed and closed as described above.[21−23] 

The main body restoration should be carried out prop-
erly after each autopsy to a state that most closely resem-
bles a pre-autopsy state. A special type of restoration is 
performed in cases of a special opening or treatment tech-
nique, when it is necessary to fix dissected tissues or 
replace removed structures. In some cases, the reparation 
of devastating injuries is a notable success.[24] With high-
quality embalming, there is no development of post-
mortem changes for more than 10 days.[25] In case the 
embalming solution has been selected correctly, only 
small changes show up as very slow mild dehydration over 
many months.  

Conclusion and Recommendations   
Although extensive body restoration is not a standard part 
of the forensic field, it is pertinent to know these tech-
niques and thus improve the quality of cadaver care in 
order to maximise respect shown to these bodies. Most of 
the substances contained in embalming solutions, i.e., 
formaldehyde, ethanol, phenol, potassium acetate, acetic 
acid and others, have a sanitary effect and destroy most 
infectious agents. Histoacrylic adhesive can also be used to 
close and repair skin incisions in young children.[26−28] 
Knowledge about treatment and simple rules of body fix-
ation can be easily used in forensic practice.[29,30]  
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Introduction 
Morphological sciences have been mostly concerned 
with describing the structural features of organisms. As 
research techniques have been developed today, the 
scope of research in anatomy, which is one of the main 
branches of morphology, has also expanded. The exper-
imental animal models developed based on evolutionary 
relationship of the human and other species have begun 
to be used in research to understand function of organ-
ism and pathology of illness. In vivo and in vitro experi-
mental models are indispensable way for applying meth-
ods that are undesirable to be tested on humans. To be 
aware of these methods is inevitable for researchers who 
continue their careers in the field of anatomy. Here, 
experimental schizophrenia models that can be used to 
reveal brain functions and pathophysiology of the illness 
are discussed. It is aimed to give general information 
about the features of the experimental models; therein 
the references should be considered for the setup of the 
experimental schizophrenia models. 

In this review, we represent the in vivo model of 
schizophrenia for researches on etiopathogenesis, patho-
physiology, drug discovery and behavioral analysis. In 
addition, we briefly indicate the molecular mechanisms 
of the experimental models that mimic schizophrenia-
like symptoms and its behavioral outputs. 

In Vivo Models of Schizophrenia  
(General Characteristics of Schizophrenia)  
Schizophrenia is a serious and complex mental illness that 
has neurodevelopmental origin. It affects approximately 
1% of the general population and is thought to result from 
interplay between genetic and environmental factors. It is 
unclear that how these risk factors collectively contribute 
to pathology. As multiple etiological factors contribute to 
the schizophrenia spectrum, altered symptomatology can 
be observed as the condition progresses. Symptoms of 
schizophrenia is classified primarily into three: positive, 
negative, and cognitive symptoms.[1−3] Positive symptoms 
(hallucinations, delusions, disorganized thought processes, 
disorganized or catatonic behavior, etc.) have an acute 
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onset, respond to antipsychotics and are composed of bio-
chemical dysregulations.[4] Negative symptoms (affective 
flattening, alogia, apathy, anhedonia and asociality, atten-
tion disorders, etc.) respond to antipsychotics weakly, can 
be seen in combination with cognitive and behavioral dis-
orders which also contain abnormal involuntary move-
ments.[1,4] Cognitive symptoms (attention disorders, mem-
ory deficits, executive functioning, etc.) respond poorly to 
drugs and have negative effects on illness processes, quali-
ty of daily life.[1,5] 

Although the pathophysiology of schizophrenia is not 
identified completely, it is well recognized that it has a 
complex structure. As a result, rather than relying on a sin-
gle approach to explain schizophrenia, a combination of 
different approaches such as chemical, environmental, 
genetic, and structural components may be more helpful 
in understanding schizophrenia’s pathogenesis.[3,6] 

Alterations in neurotransmitters are one of the most 
important aspects of schizophrenia pathophysiology.[7,8] 
Reduced plasma dopamine metabolites are a sign of 
dopaminergic dysregulation in patients with a poor prog-
nosis and social impairments. Higher dopamine metabo-
lites, on the other hand, are detected mostly in patients 
with positive symptoms.[9] Glutamatergic hypofunction,[10] 
serotonergic dysregulation (as 5-HT1A receptor overex-
pression),[11] and changes in prefrontal cortex gamma-
aminobutyric acid (GABA) neurotransmission (such as 
GABA-A receptor upregulation) have all been reported in 
the neurotransmitter researches.[12] 

The researches on the brains of schizophrenic subjects 
are focused mainly on temporal cortex, frontal cortex, 
striatum, thalamus, hippocampus.[13−15] In these researches, 
decrease in temporal cortex, hippocampus, amygdala and 
parietal cortex volume are reported. 

Genetic predisposition, because of the strong link with 
schizophrenia etiogenesis, is a crucial issue for most of the 
researches:[16] DISC1,[17] and dystrobrevin binding protein 
1 (DTNBP1), dysbindin,[18] NRG1, ErbB4,[19] GAD, 
BDNF[20,21] are some of the mostly studied genes in the 
schizophrenia researches. Furthermore, environmental 
factors that include physiological, pharmacologic and psy-
chological events have an influence on schizophrenia 
etiopathogenesis.[22] 

In present review, we provide a brief overview of five 
animal models of schizophrenia. Also, we summarized 
common pathways involved in schizophrenia-like brain 
and behavioral abnormalities, which are specific to the ani-
mal model of interest. 

At least twenty animal models of schizophrenia have 
been using in researches, and new ones are created in line 

with purposes of the researches. In this review, we focused 
on prevalently used animal models:  
• pharmacologic animal models,  
• lesion animal models, 
• neurodevelopmental animal models,  
• genetic-epigenetic animal models,  
• combinations of animal models 

Pharmacologic Animal Models  
In 1950’s first animal model of schizophrenia was devel-
oped in the basis of amphetamine. Psychosis that stimulat-
ed with amphetamine is used to mimic positive symp-
toms.[23] Pharmacologic animal models are based on the 
dysregulations in neurotransmitters. However, these mod-
els have constructive validity, they maintain limited infor-
mation about cognition and thought processes.[24−38] 

Serotonergic approach: Serotonergic (5-HT) neu-
rotransmission is reported as an important issue for 
schizophrenia: Indolamines’ (LSD: lyseric acid diethy-
lamide) and phenethylamines’ (mescaline), two main hal-
lucinogenic drugs, effect mechanisms are mentioned to 
be mediated by 5-HT2A receptors.[38] On the other hand 
decrease in 5-HT2A receptor and increase in 5-HT1A 
receptor in the prefrontal cortex[39] are reported, and also 
the neuroendocrine respond to 5-HT2A receptor ago-
nists is found to be weaker in schizophrenic individuals 
then healthy subjects.[40] In dopaminergic and gluta-
matergic animal models and also in human subjects, 
LSD mechanism on startle habituation and pre-pulse 
inhibition (PPI) are shown to act directly via 5-HT2A 
receptor stimulation.[41] Similarly phencyclidine (PCP) 
acts via indirect activation of 5-HT2A receptors and 
impairs PPI.[42] 5-HT5A receptor antagonist ASP5736’s 
(N-(diaminomethylene)-1-(3,5-difluoropyridin-4-yl)-4-
fluoroi-soquinoline-7-carboxamide (2E)-but-2-enedioate) 
therapeutic effects on positive and cognitive symptoms of 
schizophrenic individuals are mentioned as a validity for 
serotonergic approach.[11] 

Dopaminergic approach: In dopaminergic approach, 
it is assumed that dysregulation in dopamine (DA) neuro-
transmission leads to the manifestation of the disorder. 
Positive symptoms are proposed to be thrived as a conse-
quence of hyperactivity in mesolimbic dopaminergic neu-
rons.[25] On the other hand, hypo-dopaminergic processes 
in fronto-cortical areas are proposed to lead negative 
symptoms.[26] 

Locomotor hyperactivity and stereotypic behaviors can 
be induced after a single amphetamine administration in 
the animal models. Repeated amphetamine administration 
may cause impairment in locomotor activity and hyperac-
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tivation in striatum dopaminergic neurotransmission, 
however alterations in social interaction may not observed 
in this animal model of schizophrenia. As a conclusion it is 
claimed that DA based animal models have limited con-
structive validity.[23,27]  

Glutamatergic approach: Despite the amphetamine 
model, through the glutamatergic approach cognitive 
deficits, negative and positive symptoms, can be mimicked 
in the same animal model.[28−30] N-methyl-D-aspartate 
receptor (NMDAR) inhibitors like PCP, dizocilpine and 
kethamine are reported to induce schizophrenia like symp-
toms (hallucination, delusion, etc.) in healthy sub-
jects.[28,29,31,32] Especially PCP is mentioned as an effective 
inducer of positive symptoms together with its influence 
on negative and cognitive symptoms.[28,33] PCP treatment 
to animals can mimic several behavioral and neurochemi-
cal abnormalities reported in schizophrenic patients, 
including hyperlocomotion, impairments in pre-pulse 
inhibition,[41] social interaction, working memory, and 
cognition.[35,36] Chronic PCP administration has been 
linked to a decrease in social contact. The acute treatment 
of haloperidol and clozapine are reported to reverse social 
interaction in the same study. As a result of those findings 
researchers concluded that this model mimics social with-
drawal which is a negative symptom of schizophrenia.[33,39] 
The effects of PCP on gene expression in the brain are 
explored, and the expression levels of 146 genes (associat-
ed with apoptosis, neurological disorders, and schizophre-
nia-related genes) are found to be altered. Analyzing the 
signalization pathways reveal an increase in calcium sig-
naling and long-term synaptic potentiation. These find-
ings also support the use of PCP injection as a schizophre-
nia animal model.[37]  

GABAergic approach: In prefrontal cortex γ-
aminobutyric acid (GABA) neurons receive synaptic inputs 
from dopaminergic terminals, on the other hand they have 
inhibitory control over excitatory outputs of the pyramidal 
neurons, and also they have regulatory effects on develop-
mental alterations that are seen in late adolescence. This 
mechanism makes GABAergic, dopaminergic and gluta-
matergic interactions a considerable issue in schizophrenia 
researches.[43,44] 

Increase in GABA-A receptor expression[45] and 
decrease in glutamic acid decarboxylase 67 (GAD67) 
expression in prefrontal cortex[46] reflect GABAergic alter-
ations that consist in pathophysiology of schizophrenia. 
After a decrease in calcium flux as a result of NMDAR 
hypofunction, GAD67 downregulation has been reported 
as a result of interneurons’ response to NMDAR antago-
nism.[47] The decrease in PPI after injection of the GABA-
A receptor antagonist picrotoxin to the rat medial pre-

frontal cortex[48] and the decrease in parvalbumin-contain-
ing GABAergic interneurons after prenatal MAM injec-
tion[49] have both been demonstrated in animal studies. 

Risk factors like early life stress and trauma are shown 
to increase psychosis risk and accomplish subjects more 
vulnerable to hippocampal hyperactivity in their late life 
by impairing developing GABAergic neurons.[50] 
Hippocampal hyperactivity is associated with cognitive 
dysfunction[51] and impairment in perceived reality.[52] In 
schizophrenic individuals hippocampal hyperactivity 
level[52] or glutamatergic dysregulation leads to decrease in 
hippocampal volume which is used to mimic hippocampal 
dysfunction in developmental animal models of 
schizophrenia.[51] 

Lesion Animal Models  
Because of the prefrontal cortex’s executive functions in 
attention, working memory, social interaction and emo-
tional processes, prefrontal cortical lesions are widely used 
in schizophrenia researches.[53] Behavioral experiments 
support the prefrontal cortex’s regulatory role on subcor-
tical DA activity.[54] Increase in amphetamine induced 
stereotypic behavior and continuous hyperexcitability with 
stress exposure are reported after prefrontal cortex lesion 
in adult rats.[55] 

Hippocampal formation plays a key function in pre-
frontal cortex modulation and has direct control over the 
dopaminergic system.[56] Because of these features, lesions 
of hippocampal formation are used in researches: 
Excitotoxic lesions of dorsal and ventral hippocampus are 
found to stimulate different behavioral profiles. Lesions of 
dorsal hippocampus are not found to be effective in 
amphetamine induced locomotor activity.[57] However by 
kainic acid administration, neural loss is reported in dorsal 
hippocampus, and this model is proposed as a neurode-
generative animal model of schizophrenia.[58] On the other 
hand, lesions of ventral hippocampus by DA agonists are 
found to stimulate locomotor activity.[57]  

Because of its importance in filtering sensory informa-
tion, the thalamus is being addressed in researches. 
Abnormalities in corticothalamic limbic system are pro-
posed as a useful target for studying sensorimotor 
deficits.[57] To sum up, although lesion models have face 
and predictive validity, dimensions of lesions and adult 
nature have limiting impacts on construct validity. 

Lesions of ventral hippocampus are developed to 
mimic pathological conditions including ventricular 
enlargement and hippocampal atrophy. Abnormal behav-
iors after adolescence are reported to be induced by exci-
tatory toxin ibotenic acid microinjection as a neonatal 
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lesion of ventral hippocampus. This model is shown to be 
resulted in behavioral alterations in different developmen-
tal stages: Spatial and working memory deficits are report-
ed on postnatal day 25, however increase in social with-
drawal and aggression are seen on postnatal day 35. 
Increase in sensitivity to dopaminergic and glutamatergic 
agonists, impairments in PPI and reward mechanisms and 
increase in drug sensitivity are reported around postnatal 
day 56.[13]  

Neurodevelopmental Animal Models  
Weinberger (1986) was the first to propose the neurode-
velopmental hypothesis, stating that brain developmental 
defects that occur early in life increase the chance of clini-
cal symptoms later in life.[13] Neurodevelopmental animal 
models consist of prenatal exploration to environmental 
risk factors or toxic compounds. Based on schizophrenia 
epidemiology neurodevelopmental animal models of 
schizophrenia have construct and face validity.[59,60] 

There are several methods that are used to induce 
inflammation: polyriboinosinic-polyricocytidylic acid 
[poly(I:C)],[61] methylazoxymethanol asetat (MAM)[62] and 
bacterial endotoxin lipopolysaccharide (LPS).[63,64] On the 
other hand multiple environmental stressors can be used 
alone or together to induce molecular processes related 
with schizophrenia: Social isolation,[65] maternal separa-
tion,[66] water stress.[55] 

Usage of two different stress factors in different devel-
opmental stages are proposed to be more effective to 
mimic schizophrenia spectrum, which is also called two-hit 
animal model of schizophrenia:[67] Prenatal LPS adminis-
tration with juvenile stress or prenatal polyI:C with neona-
tal LPS. 

Polyriboinosinic-polyricocytidylic acids [poly(I:C)]: 
Multiple proinflamatuar cytokines are released through 
the binding of poly(I:C) to its receptor, tool-like receptor 
(TLR) 3.[68] This viral compound has several influences on 
rodents: After its prenatal administration pups are report-
ed to have increased locomotor sensitivity to psychostimu-
lants, impaired pre-pulse inhibition and new object recog-
nition, social withdrawal in their late life (in their adoles-
cence or young adulthood). However, spatial memory 
impairments are not reported in researches.[61,69,70] 
Together with those behavioral abnormalities neurochem-
ical alterations like decrease in DA and glutamate levels in 
prefrontal cortex and hippocampus are shown.[70] Increase 
in striatal and accumbal D1 and D2 receptors’ function, 
increase in D2 receptor function in frontal cortex, decrease 
in DA and increase in tyrosine hydroxylase in striatum are 
demonstrated.[71] 

Bacterial endotoxin lipopolysaccharide (LPS): 
Bacterial endotoxin LPS has its action through TLR4 
receptors on macrophages and other immune cells. After 
binding to its receptor, it triggers several signal transduc-
tion cascades like release of proinflamatuar cytokines, acti-
vation of transcription factors (like kappaB) and anti-
inflammatory modulators (cytokines, proteins, etc.).[72] 

Multiple behavioral deficits are also reported as a con-
sequence of LPS administration: increase in locomotor 
activity, decrease in sociality, impairment in PPI and mem-
ory, anxiety like behaviors.[69]  

It is demonstrated that LPS administration leads to 
dysregulation of dopaminergic signalization: Increase in 
accumbal and striatal DA, decrease in striatal and frontal 
DA, decrease in frontal 3,4-dihydroxyphenylasedic acid 
(DOPAC), increase in frontal and decrease in striatal 
homovallinic acid levels.[71,73] 

Methilazoxymethanol asetat (MAM): Prenatal 
MAM administration leads to developmental damage in 
fetal brain because of DNA synthesis inhibition during 
mitosis. This abnormal brain development results in mul-
tiple behavioral deficits like impairment in sociality, PPI, 
spatial cognition.[62] In another study increase in accumbal 
DA levels is reported. Increase in ventral tegmental DA 
activity and locomotor sensitivity to amphetamine are 
reversed by the injection of tetrodotoxin to ventral hip-
pocampus.[74] 

Environmental stress: Multiple environmental stress 
factors can be applied in different developmental stages 
acutely or chronically, alone or in combination: Social iso-
lation, restrainer, noise, light, water. Sociality is reported 
to be critical for normal developmental processes of rats; 
they have socially active nature which also has hierarchical 
rules.[59] For this reason any kind of social deprivation can 
resulted in abnormal brain development which also leads 
to locomotor hyperactivity, impaired cognition, increased 
anxiety, depressive like behaviors and aggression which are 
also reported as schizophrenia symptoms.[59,65] 

Stress exposure stimulates the release of stress hor-
mones that resulted in dysregulation of several neuro-
chemical compounds: decrease in DA, DOPAC and 
homovallinic acid levels,[75] increase in striatal and accum-
bal, decrease in frontal serotonin levels, increase in corti-
costriatal noradrenaline level which are related to anxiety 
and positive symptoms,[76] downregulation in cortical par-
valbumin containing GABAergic neurotransmission.[65] 

Schizophrenia-like behavioral and neurochemical 
abnormalities that are generated by using environmental 
stressors can be reversed by antipsychotics, and this condi-
tion is proposed to be sufficient for this model’s validity.[77] 
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Genetic Animal Models (Knockout & 
Transgenic)  
Genetic studies are identified several specific genes that are 
associated with schizophrenia disorder.[78−90] Generally, 
twin studies are shown that schizophrenia is a predominant 
genetic disorder, with estimates of heritability risk ranging 
at 50−80%. In researches it is demonstrated that single 
effects of a major gene are unlikely to mimic schizophre-
nia’s complexity; instead, polygenic models consists of 
multiple-risk genes can provide the best expression for 
schizophrenia.[91,92]  

There are several genetic animal models of 
schizophrenia: neurodevelopmental candidate genes (reel-
in, BDNF, GAD37, N-CAM); hyperdopaminergic hypoth-
esis related genes (Akt, PP2A, B-arrestin 2, DARPP-32); 
hypoglutamatergic approach related genes (NMDR resep-
tor subunit 1, calciceurin  knockout); susceptibility genes of 
schizophrenia (COMT, NRG1, Dysbindin, DISC1, RGS-
4, CHRNA7, NPAS3, PRODH2 [22q11]).[2,78−80,93] 

N-methyl-D-aspartat (NMDA) receptor subunits 
importance in schizophrenia neuropathology is reported in 
schizophrenic postmortem brain tissues: decrease in NR1 
subunit expression,[78] deficits in associative learning pro-
cesses are linked with NMDAR dependent plasticity.[79] 
Hyperlocomotion, stereotypic behavior, decrease in social 
interaction, deficits in cognition and abnormal brain devel-
opment, impairment in working memory, anhedonia and 
anxiety,[2,80] impairment in spatial memory, hyperactivity in 
novel environment and depression[81] are reported in NR1 
mutant animal models of schizophrenia. These behavioral 
anomalies are not seen if NR1 subunit deficiency is gener-
ated in adolescence.[2]  

DISC1’s influence on neuronal migration, synaptic 
plasticity, neurogenesis together with its effect on mecha-
nisms in schizophrenia onset, is demonstrated in multiple 
researches.[82−84] Schizophrenia like behavioral deficits are 
reported in genetic models of DISC1: Hyperactivity in 
novel environment, immobility in forced swimming test, 
impairment in pre-pulse inhibition,[85] hyper or hypoloco-
motion, impairment in cognition and alterations in brain 
morphology which are also compatible with schizophrenic 
subjects’ symptoms.[86,87] 

In multiple studies, it is reported that “dysbindin1”, 
coded by DTNBP1, has an influence in regulation of exo-
cytosis and vesicular genesis during neurotransmitter 
release. In addition, it has a role in dopaminergic and glu-
tamatergic neurotransmissions. On the other hand it is 
shown that DTNP1 associates with prefrontal and cortical 
functions of schizophrenic individuals, whereas episodic 
and working memory of healthy individuals. Decrease in 

dysbindin1 mRNA and protein expressions are reported in 
postmortem brain tissues of schizophrenic subjects.[1,88] 
Sand (Sdy) mice have DTNBP1 homozygote mutations 
that lead to lack of dysbindin1 protein expression.[88] 

Schizophrenia like behavioral alterations as increase in 
locomotor activity, cognitive deficits, decrease in social 
interaction, and impairment in PPI and response adapta-
tion to sensory stimulus are demonstrated.[89] Sdy mice can 
be used to investigate dysbindin’s potential pathways: 
decrease in mGluRI signalization and its association with 
synaptic plasticity are shown. Heterozygote mutants are 
also used in researches.[88]  

Combinations of Animal Models  
To generate an animal model, combination of multiple 
animal models that includes several molecular mechanisms 
is suggested to mimic the complex mechanisms of 
schizophrenia. Animal models consist of multiple parame-
ters can be more useful in understanding mechanisms of 
schizophrenia and generating more effective therapeutic 
strategies.[83,84,90,91] For instance, measuring the adult 
behavioral alterations in dominant-negative N-terminus 
human DISC1 (DN-DISC1) expressing transgenic mice is 
used with the combination of neonatal[83] and prenatal[84] 
poly(I:C) injection. Deficits in hippocampus dependent 
fear memory, working memory, object recognition mem-
ory, decrease in sociality, aggressive behavior are reported 
in neonatal poly(I:C) injected DN-DISC1 mice.[83] To 
determine the efficiency of animal models, behavioral 
alterations are investigated by using four different experi-
mental groups: (1) control group, (2) standard genetic 
group (3), environmental group, (4) gene × environment 
group. Behavioral paradigms are found to be worsening in 
gene × environment group, and these kind of models are 
suggested to be critical for animal model’s validity.[91] 

Behavioral Parameters and Their Testing 
Methods  
Clinical symptoms and related behavioral parameters in 
animal models of schizophrenia: 

Positive symptoms: In animal models hyperlocoma-
tion in novel environment and as a response to stress are 
linked with psychomotor agitation, delusion, hallucination 
and psychosis which are seen in human subjects. 
Stereotypic behaviors, hyperlocomation and vulnerability 
to stress can be investigated by open field test. In animal 
models hyperactivity can be measured and observed as pos-
tural disorders, climbing behavior, stereotypic movements 
(repeated sniffing, licking, etc.). Instead of catatonia, the 
term “catalepsy” is used for animals and can be measured 
by wire grids and bar test. 



Negative symptoms: Anhedonia, lack of motivation 
are seen as an increased immobility in animal models and 
can be measured by forced swimming and sucrose prefer-
ence tests. To identify mood disorders, elevated plus maze, 
light/dark box and open area tests can be used. Social with-
drawal which is seen in schizophrenic individuals can be 
measured by social interaction tests in animal models. 
There are several protocols for social interaction tests: 3-
Chamber social interaction and social novelty preference 
paradigm are commonly used.  

Cognitive disorders: In animal models schizophrenia-
like cognitive deficits can be evaluated by multiple param-
eters, that consist of working memory, long term memory, 
spatial learning memory, executive functions by using cog-
nitive tests: Barnes maze, Radial arm maze, Morris water 
maze, T or Y maze, attentional set shifting task, 5- choice 
serial-reaction time test, radial arm maze. 

Conclusion  
There are multiple animal models of schizophrenia 
(Table 1), targeting specific mechanisms of interest. 
Recent researches are focused on the animal models that 
consist of multiple mechanisms and researchers are men-
tioned the requirement for the combination of multiple 
models to mimic this spectrum. 

Animal models can reflect one or more symptoms of 
schizophrenia, however this disorder has much more of 
that. For instance animal model of amphetamine can 
reflect hyperactivity as a response to striatal dopaminer-
gic activity, however other symptoms like cognitive 
deficits can not be observed by this animal model.[27] On 
the other hand in the model of glutamatergic hypofunc-
tion, hyperactivity and worsening in positive symptoms 
are demonstrated.[30] It is shown that prefrontal gluta-
matergic hypofunction leads not only positive symp-
toms, but also negative symptoms together with cogni-
tive deficits.[28,29]  

In researches it is demonstrated that preference of ani-
mals’ strain, developmental stages for any administration 
(like LPS, etc.) or any environmental stressors that will be 
applied, is critical for the studies’ purpose and results.[62] 
For instance after single or repeated PCP administration, 
decrease in sociality is reported,[30] whereas social deficits as 
a response to amphetamine administration is contradicto-
ry. Prenatal administration of MAM and poly (I:C) are 
reported to lead decrease in sociality, however preadoles-
cent administration of MAM also results with social 
deficits.[74] As a response to neonatal lesion of ventral hip-
pocampus, decrease in social interaction together with the 
increase in aggression is shown.[14] Repeated administra-
tion of PCP is found to induce anhedonia like behavior, 
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Table 1  
Results of the measurements (n=55).

Animal model Approaches Clinical symptoms* Schizophrenia like symptoms  Behavioral task 

Pharmacological Serotonergic  
Dopaminergic 
Glutamatergic

Positive
 

GABAergic 

Lesion Hippocampal  
Thalamic 

Neurodevelopmental Poly(I:C) 
LPS 

MAM
Negative

 
Stress 

Genetic Knock out  
Transgenic 

Combined models Env × Env Cognitive 
Env × Gene 

 Gene × Gene  
Gene × Env × Env 

 
 
 
 

*Type of clinical symptom of schizophrenia depends on the animal model that was chosen and developmental stage of the animal model that was formed. Animal model 
may include one, two or all of the symptoms. 5-CSRTT: five card sorting reaction time test; Env: environmental; Gene: genetic; LPS: lipopolysaccharide; MAM: methi-
lazoxymethanol asetat; NP: novelty preference; Poly(I:C): polyriboinosinic-polyricocytidilic acid; PPI: pre-pulse inhibition; SI: social interaction.

Hiperlocomotion 
Climbing behavior 

Stereotypic movements 
Postural disorders

Open field test 
Wire grids  
Bar test 

PPI

Social interaction 
Novelty preference 
Explorative behavior

3-Chamber SI & NP 
Resident intruder 

Social play 
Self grooming

Social cognition 
Memory  

Executive functioning 
Attention

Morris water maze 
Barnes maze 

Radial arm maze 
Latent inhibition 

5-CSRTT 
Attentional set shifting 

T/Y maze



however single administration of PCP is reported to be 
insufficient.[28,39]  

Requirement of generating novel animal models that 
mimic positive, negative and cognitive disorders together 
in one model are demonstrated. That kind of models can 
include multiple molecular mechanisms like the 
schizophrenia spectrum itself. Thus, by using combina-
tion of multiple animal models, all forms of validity can be 
maintained which can also leads to investigation of better 
therapeutic strategies and better understanding of 
schizophrenia’s etiopathogenesis.[94] By this point of view, 
combining the interaction of two or more impact factors, 
as environment × gene, gene × gene, environment × envi-
ronment, environment × gene × environment are pro-
posed to be useful for modeling schizophrenia.[6,95,96] 

As a result, according to their research hypothesis 
researchers need to decide which experimental animal 
model or models to choose. This review aimed to provide 
a perspective to researchers who will conduct research on 
the physiopathology or treatment of schizophrenia. 
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Introduction 
The biceps brachii is a two-headed (short and long 
heads) muscle spanning two joints. It originates from the 
scapula and attaches distally to the bicipital or radial 
tuberosity of the radius. It acts as a strong supinator and 
flexor of the elbow and as an important stabilizer of the 
shoulder, especially in abduction and internal rotation.[1] 

Congenital absence of the long head of the biceps 
(LHB) tendon is a rare variation and its prevalence is 
unknown. The publications reporting congenital 
absence of bilateral LHB tendon are limited.[2]  

Due to the infrequency of this condition, clinical diag-
nosis is very difficult, and in cases with trauma, it is nearly 
impossible to distinguish it from tendon rupture.[3] 
Ultrasound and magnetic resonance imaging (MRI) shows 
an excellent diagnostic accuracy in detecting pathologies 
of the LHB tendon.[4]  

In this case report, we present a patient with congen-
ital absence of the bilateral LHB tendon who admitted to 
hospital with the complaint of shoulder pain. 

Case Report 
A 25-year-old female patient presented with a complaint 
of bilateral shoulder pain. The patient had no history of 
major trauma. Physical examination of both shoulders 

revealed symmetric range of motion in all planes. There 
was no “Popeye” sign to indicate a torn, retracted LHB 
tendon. She did not demonstrate signs of laxity or hyper-
mobility in her upper extremities. 

Shoulder MRI was performed with the patient in the 
supine position and the arm adducted in mild external 
rotation. MRI of both shoulders revealed bilateral 
absence of the LHB tendon and shallow intertubercular 
groove (Figure 1). There was no evidence of rotator cuff 
tears or labral tears bilaterally. 

Discussion 
The biceps muscle has two heads, the short and the long 
head, distinguished according to their origin at the cora-
coid process and supraglenoid tubercle of the scapula, 
respectively. From its origin on the glenoid, the long head 
remains tendinous as it passes through the shoulder joint 
and through the intertubercular groove of the humerus.[5,6]  

The function of the tendon of LHB at the shoulder 
remains controversial and uncertain. Biceps brachii pri-
marily acts as a flexor and supinator at the elbow. Many 
electromyographic studies have shown that it only plays 
an active role in elbow movements but not shoulder.[7] 
Some studies suggest that it plays an active role in the 
collapse of the humeral head during shoulder abduc-
tion.[8,9] 
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LHB tendon has quite wide range of variations. In 
cadaver studies, the presence of multiple heads is the 
most commonly reported variation, with a prevalence of 
8−20%.[9−11] In addition to the number of tendons, the 
origin of LHB differs between individuals, and it is stat-
ed in the literature that approximately 50% originates 
from the supraglenoid tubercle, and the remaining 50% 
is variable from different regions of the superior glenoid 
labrum.[5,12] Besides all these variations, congenital 
absence of LHB tendon is an exceedingly rare anomaly. 
It is often accompanied by findings such as hypoplastic 
intertubercular groove and shoulder instability.[13] 

The unilateral absence of LHB has been reported in 
the literature to be associated with some skeletal and 
non-skeletal congenital anomalies (57%) such as spina 
bifida, VATER syndrome, and congenital limb abnor-
malities.[14,15] Bilateral absence is extremely rare, with 
only nine previous reports in the literature to the best of 
our knowledge.[2,3,10,13,14,16−19] Diagnosing the pathologies 
related to LHB could be challenging both on clinical 
examination and radiologically.[20] Although arthroscopy 
is considered as the gold standard method; MRI is the 
most preferred one. The shallowness of the intertuber-
cular groove is the most important finding in differenti-
ating it from traumatic injuries and biceps tears.[3,4,13,20] In 
our case, bilateral shallow intertubercular grooves were 
observed as stated in the literature. 

In most cases described in the literature, patients 
might have shoulder pain like our case, and one of the 

cases published by Kwapitz et al.[17] was asymptomatic. 
Although it was stated that the absence of LHB might 
cause shoulder instability in some cases,[19] this was valid 
for our case. In our case, there was no other accompany-
ing pathology detected by physical examination and MRI. 

Surgical intervention is not performed in most of the 
cases with absent tendons, and arthroscopic interven-
tions are applied for other accompanying shoulder 
pathologies. Although there is no consensus yet, nons-
teroidal anti-inflammatory drugs and physical therapy 
are used for patients with isolated long head absence.[1,2] 
Since there was no other accompanying pathology, our 
patient was treated symptomatically with nonsteroidal 
anti-inflammatory drugs. Symptoms improved with 
physical therapy and medical treatment. 

Conclusion 
LHB agenesis should be kept in mind in the absence of 
major trauma and other accompanying findings in 
patients with shoulder pain.  
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Introduction 
The sciatic vein is an embryological vessel that forms the 
main stem of the primordium of the deep venous system 
of the lower limb. It is usually located on the dorsal 
aspect, following the course of the sciatic nerve.[1,2] With 
the establishment of the definitive deep venous system, 
the vein usually involutes, with its remnants forming the 
inferior gluteal vein, satellite vein of the sciatic nerve, 
and perforating veins of the lower limb.[3,4] It may how-
ever fail to degenerate, and remains as the persistent sci-
atic vein (PSV) (vena comitans nervi ischiadici persistens).[2] 

First described by Servell in 1978, PSV is a rare 
anatomical finding that may occur as an isolated entity, 
or in association with the Klippel–Trenaunay–Weber 
syndrome (KTWS).[5] KTWS is a rare congenital vascu-
lar anomaly characterized by a triad of capillary malfor-
mation, varicose veins and soft tissue/ bone hypertro-
phy.[2,5,6] When present, the PSV can assume any of the 
three forms as described by Cherry et al.[5] as; complete 
type (arises from the popliteal vein or its tributaries, 
ascends along the sciatic nerve, and terminates in the 
internal iliac vein), upper type (arises from the muscular 
veins of the upper thigh, runs along the sciatic nerve and 
terminates in the internal iliac vein) or the lower type 

(limited to the distal thigh, arises from the popliteal 
fossa, and terminates in the deep femoral vein).[5,7,8] 

We present here a case of a unilateral large complete 
PSV and discuss the epidemiology, anatomy, diagnosis 
and management of PSV. 

Case Report 
During routine cadaveric dissection, we observed a case 
of a large PSV in the right lower limb of an adult male 
cadaver. The PSV, comparable in size to the sciatic 
nerve, originated from the posterior tibial veins at the 
distal region of the popliteal fossa, without connection to 
the popliteal vein. Instead, anterior tibial veins joined to 
form the popliteal vein, which received all the genicular 
veins (Figure 1). From the popliteal fossa, the PSV 
ascended in the posterior part of the thigh, medial the 
sciatic nerve (Figure 2a). Within the proximal thigh and 
gluteal region, it was located between the sciatic nerve 
and the posterior femoral cutaneous nerve of the thigh 
(Figure 2b). It then passed through the infrapiriform 
foramen to enter the pelvis, where it terminated by 
draining into the internal iliac vein (Figure 2c). Further 
investigation revealed conventional anatomy of the 
femoral venous system (Figure 2d). 

A large unilateral persistent sciatic vein:  
a case report  
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Discussion 
PSV is a relatively rare congenital vascular variation 
caused by failure of degeneration of the principal trunk of 
the primitive deep venous system of the lower limb.[2] It 
was classified by the International Society of the Study of 
Vascular Anomalies (ISSVA) in 2014 as a “channel-type” 
or “truncal” vascular malformation.[9] In 1978, Servell 
hypothesized that the vessel developed as a collateral 
channel for lower limb venous return in cases where the 
femoral vein was obstructed.[5] Cherry et al.,[5] and 
Baskerville et al.,[10] in their large case series of patients 
with PSV reported that the FV is almost always patent in 
these individuals, disproving this hypothesis. Nonetheless, 
there are several cases of hypoplastic femoral vein in 
patients with PSV.[4,6] 

The prevalence of PSV in the general population is 
unknown. Literature suggests that the PSV may be more 
common in certain individuals, such as those with recur-
rent varicose veins of the lower limb. In a retrospective 
analysis of ascending phlebographies and varicographies 
of 1200 patients with varicose veins, Trigaux et al.,[4] iden-
tified a PSV in 7 (0.5%) patients. The prevalence of PSV 
is even higher in individuals with the KTWS.[4,11,12] For 
instance, Cherry et al.,[5] found a PSV in 20 (48%) out of 
41 KTWS patients who were diagnosed through magnet-
ic resonance imaging (MRI). A similar study on KTWS by 
Noel et al.,[12] found a PSV prevalence of 20%. It is note-
worthy that in both studies, MRI was performed only on 
a subgroup of KTWS patients with symptomatic presen-
tation (41 out of 279 in the study by Cherry et al.,[5] and 20 
out of 290 in the study by Noel et al.[12] As such, the preva-
lence reported in these studies should be interpreted with 
caution due to possible selection bias. 

PSV can be present unilaterally[5,13–15] or bilateral-
ly,[5,7,11,12] and can occur as a single large vein[4,12] or a net-
work of veins.[4,5] It can also present concurrently with a 
persistent sciatic artery.[12,15] When present, the PSV can 
assume any of the three forms as described by Cherry et 
al.[5] The PSV displays typical features of a medium-size 
vein, with a thin tunica intima, thin muscular tunica 
media, and a thick well-developed tunica adventitia.[11] 
There are conflicting reports on the presence of valves 
within the PSV. Koç et al.,[11] in their case report of bilat-
eral PSV found 3 valves in each of the veins. However, 2 
large studies on KTWS patients failed to demonstrate any 
valves within the PSV.[5,12] 

PSV is asymptomatic in the majority of individuals and 
is diagnosed incidentally during routine investigations. It 
may be symptomatic in a small subset of individuals and 

has been cited in the literature as an unusual cause of 
recurrent lower limb varicose veins and chronic venous 
reflux.[4,5,12,13,15] For instance, Trigaux et al.[4] reported that 
posterior leg varices in 6 out of 7 patients were drained by 
a PSV and not the short saphenous vein, suggesting a pos-
sible causal role. PSV should therefore be ruled out in all 
patients with recurrent varicose veins of the calf or poste-
rior thigh. The PSV has also been reported as a site of 
deep venous thrombosis and subsequent pulmonary 
thromboembolism.[4,5,16] 

Definitive diagnosis of PSV is usually made through 
imaging studies. Initial studies mainly relied on varicogra-
phy and ascending phlebography.[4,5,10] These modalities 
are however invasive and have a low sensitivity,[5,13] and 
have therefore been largely replaced by newer imaging 
modalities such as Doppler ultrasonography and MRI. 
Doppler sonography is non-invasive, fast, and relatively 
cheap, but is limited as its diagnostic accuracy is operator-
dependent. Magnetic resonance imaging venography is 
considered a reliable modality in the assessment of the 
anatomy of the deep venous system of the limb and the 

Figure 1. Illustration showing the origin, course and tributaries of the 
persistent sciatic vein drawn in blue. ATV: anterior tibial veins; CIV: com-
mon iliac vein; EIV: external iliac vein; FV: femoral vein; GSV: great saphe-
nous vein; GV: genicular veins, IIV: internal iliac vein; Per. V: persistent 
vein; PFV: deep femoral vein; PSV: persistent sciatic vein; PTV: posterior 
tibial veins; PV: popliteal vein; SSV: small saphenous vein. 
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Figure 2. Dissection of (a) posterior thigh; (b) gluteal region; (c) hemi-pelvis displaying the sciatic vein (yellow stars) and its relations, and (d) anteri-
or thigh displaying the conventional anatomy of the femoral triangle. Note the sciatic vein coursing through the posterior thigh with the tibial nerve 
and common peroneal nerve forming its most immediate and distal lateral relations respectively in (a). The sciatic vein crossing inferior to the piriformis 
muscle with the sciatic nerve and the posterior femoral cutaneous nerve of the thigh forming its lateral and medial relations respectively in (b). The 
sciatic vein coursing through the infrapiriform compartment to drain into the internal iliac vein in (c). The great saphenous vein draining into the 
femoral vein in (d). AL: adductor longus; CPN: common peroneal nerve; FA: femoral artery; FN: femoral nerve; GM: gluteus minimus; GSV: great 
saphenous vein; IIV: internal iliac vein; L5: fifth lumbar vertebra; LBF: long head of biceps femoris; SBF: short head of biceps femoris, PFCN: posteri-
or femoral cutaneous nerve of the thigh; PM: piriformis; SM: semimembranosus; SN: sciatic nerve; ST: semitendinosus; SV: sciatic vein; TN: tibial nerve. 
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pelvic area,[16] and is therefore appropriate modality for 
investigating presence of a PSV. 

Due to the rarity of the PSV, its management has yet 
to be standardized. The majority of the PSV are asymp-
tomatic, and may not require any treatment. Treatment is 
however indicated in patients with recurrent varicose 
veins within the PSV territory.[13] Patients with mild 
symptoms may require simple stab avulsion, stripping, or 
excision of the varicosities.[5,13] Severe cases of claudication 
may require surgical excision of the PSV.[6,12] This howev-
er requires the presence of a patent superficial and deep 
femoral venous system. In patients with hypoplasia of the 
femoral venous system, the great saphenous vein from the 

unaffected side may be used to reconstruct the continuity 
of the deep venous system of the lower limb via a popliteal 
vein-great saphenous vein anastomosis.[12] The role of 
endovascular therapies for a PSV is still not yet estab-
lished. 

Conclusion 
Although relatively rare in the general population, PSV 
is more common in individuals with varicose veins and 
KTWS syndrome. It should be considered as a differen-
tial in cases of recurrent varicose veins and/or chronic 
venous insufficiency of the lower limb.  
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Through the Memories of his Friend by 
Prof. Deniz Demiryürek 
Writing about a close friend after his death is the first 
time for me. I realised it is so hard.  

Prof. Dr. Mustafa Fevzi Sargon, among us, Sargon was 
a very special mentor, teacher, role model and a real 
friend. I met him at December 1995, at the New Year 
reception of Anatomy Department; Hacettepe University 
Faculty of Medicine. Those days he was doing his military 
service and was wearing his army costume when I met 
him.  

Although I knew him from the years we studied at 
Ankara University Faculty of Medicine, we could not 
have the chance to meet. 

After I started my PhD of Anatomy, he was one my 
mentors and we studied together with great productivi-
ty. My first international publication was done with his 
great supports. Not only being a great anatomist, Sargon 
was a real friend. He was always together with me during 
my whole academic life till his retirement. His sudden 
decision about retiring was a great shock for me. What 
would I do after him? It was so hard to adapt the position 
but I could manage. 

We were in close touch with him in his new academ-
ic life, first at Atılım University and after Lokman Hekim 
University. We were gathering for academic studies, 
social events. But one day, the saddest news from him, 
the second shock for me about him happened. He left us 
suddenly.  

It is not easy to bare his non-presence. When you lost 
your real friend, academic role model, it is not easy. I am 
missing him so much and will always remember him 
(Figure 1).   

Through the Eyes of his Family by Mert 
Sargon; Son of Prof. Mustafa Sargon 
If I have to introduce you Mustafa Sargon with a few 
words, ever since I could remember, besides being a 
thoughtful, responsible and devoted family man who had 
always been supporting us; he was an ethical scientist 
with full of passion for studying, learning, teaching and 
research. 

The world of Medicine was an inseparable part of him. 
As he had taken his first step into this world as an anatomist 
in Hacettepe University, he regarded Hacettepe as his 
home and was holding the university in very high esteem.  

In dedication to Mustafa Fevzi Sargon  
(1965–2022)  

Deniz Demiryürek  

Department of Anatomy, Hacettepe University Faculty of Medicine, Ankara, Türkiye 
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Figure 1. Mustafa Fevzi Sargon (1965−2022).
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That world which we can call as “a second home” was 
not only a home for him individually, but also a home for 
all of us, as his nuclear family.  

His enthusiast to the science, his colleagues and his stu-
dents, and his dedication to his profession made our fami-
ly an integral part of his career, our daily subjects general-
ly based on them. Hence, we were accompanying him in 
his profession which he has devoted his life.  

After his passing, we realized that there was not a “sec-
ond home” in his “world”. In the world of Mustafa Sargon, 
there was one and only one world. Hacettepe (& world of 
medicine) and we were a single family that settled in the 
same heart, same world. His colleagues, friends and stu-
dents – whom we have known since early years – are always 
with us. We feel him mostly in the laboratories and class-
rooms where he devoted his life mostly. After his retire-
ment, he continued his career in different universities with 
the same passion. Nevertheless, Hacettepe is enshrined in 
our (and his) heart as the place he started his career and 
also the place where his children grew up.  

As an exemplary professor who had touched countless 
students’ life, conducted research and published many arti-
cles, he was also regarding his family as his students, teach-
ing us many subjects and sharing issues about his profes-
sion. We would often find ourselves reading the books he 
had written and examining his anatomy models, try to 
understand him from his eyes. When we regard him as an 
academician, we were realizing many new things about 
him and his character which we had not noticed before by 
only regarding him as a father. Hence, in order to under-
stand and feel him correctly, it is not enough for us to 
regard him only as a father.  

Besides being a great father, due to his influence on his 
environment and contributions to Anatomy, we feel lucky, 
proud of being his family and being educated by him. After 
we lost him, we felt the support and sincerity of all his col-
leagues and students in such a way that, his efforts to his 
profession were not in vain. We will stay together, always 
remember you with respect and proud of you.
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It was 10th of February 2022; a cool winter day, before 
noon, around 10.00 am. We were in the middle of a pro-
ficiency exam of a PhD candidate with our colleagues 
from Hacettepe University; Mustafa Aldur and Ceren 
Günenç Beşer. Mustafa Aldur received a phone call and 
wanted to answer thinking that it may not be a missed one. 
While talking his face turned to white and could talk only 
with few words. The news he had was sad, very sad... The 
sadness I felt when we learned that Mustafa Sargon had a 
heart attack with that phone call, deepened even more in 
the evening with the news of his death at the age of 56.  

Mustafa Sargon, was truly a great scientist and a dedi-
cated teacher. He was such a good-humored, hard-work-
ing, nice and polite friend. He loved his profession and 
students with passion and such committed to his job that; 
his last words became “I am well, my lesson will start soon, 
please help me take to the lab.” 

It was a great honor and a privilege for me to work 
with him in the Council of European Association of 
Anatomy and Clinical Anatomy (EACA) and in the 
“Anatomy” journal. He was one of the outstanding editors 
of our journal and was like my right arm. His contribu-
tions to the publication process of our journal is irretriev-
able. Just a month before his death, we were talking about 
plans for hosting a future EACA congress. As the General 
Secretary of EACA Congress held in Istanbul in 2009, he 
deserved to be the president in 2027 Congress, but unfor-
tunately his life wasn’t enough to do it. 

Mustafa Sargon’s contributions to the Anatomy and 
Medicine cannot be repayable, but we would like to dedicate 
this issue to his memory in order to express even a little bit 
of our loyalty towards him. On this occasion, I would like to 
thank Prof. Dr. Deniz Demiryürek for his contributions. 

This was a big shock not only for his family, close 
friends and colleagues but also for all the anatomists 

worldwide. After learning of his death, his friends and col-
leagues wanted to convey their condolences to the entire 
Anatomy family through me. I would also like to share 
these messages in this issue that we dedicate to his mem-
ory, of course with the permission of the authors. Rest in 
peace Sargon, you will be greatly missed here. 

With my deepest regards. 

Condolence Messages to Mustafa Sargon 
in the Order of Arrival 
So sad and so sudden – 
Please send my deepest sympathies to his family – what a loss 
not only to them but to the anatomical world in general 
Life is so precious -we must all live it to the full. 
Warmest Regards  
Phantom of the fens 
Peter Abrahams, MBBS FRCS(ED) FRCR DO(Hon) 
FHEA FRSA 
Prof. “Emeritus” of Clinical Anatomy, Warwick Medical 
School, National Teaching fellow & Life Fellow, Girton College, 
Cambridge Visiting Prof. LKC School of Medicine NTU 
Singapore; Consultant to Brunel Medical School, UK 
 

 

What terribly sad news, those that you never wish to hear. 
Mustafa was a great anatomist and a wonderful man. 
I ask that you please present my heartfelt condolences to his 
family, his friends and to all my wonderful Turkish friends, 
who I am sure are deeply suffering with this terrible loss. 
Diogo Pais, Secretary-General International Federation of 
Associations of Anatomists (IFAA); Secretary-General International 
Committee of Symposia on Morphological Sciences (ICSMS); Full 
Professor and Chairman Department of Anatomy; Chairman 
Ethics Research Committee 
 

 

In dedication to Professor Mustafa Sargon  

Nihal Apaydın1−4  
1Department of Anatomy, School of Medicine, Ankara University, Ankara, Türkiye 
2Department of Multidisciplinary Neuroscience, Institute of Health Sciences, Ankara University, Ankara, Türkiye  
3Brain Research Center (AU-BAUM), Ankara University, Ankara, Türkiye 
4Neuroscience and Neurotechnology Center of Excellence (NÖROM), Ankara, Türkiye 
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So sorry to hear such sad news. He leaves a lasting legacy. 
My thoughts are with his friends and family and with the 
Turkish anatomical community. 
Bernard Moxham, B.Sc., B.D.S., PhD, FHEA, FRSB, Hon 
FAS, FSAE; Emeritus Professor of Anatomy; Immediate Past 
President of the International Federation of Associations of 
Anatomists (IFAA) and Past President of the Anatomical Society 
and the European Federation for Experimental Morphology 
(EFEM); Founder of the Trans-European Pedagogic 
Anatomical Research Group (TEPARG) 
 

 

 Mustafa was a fine anatomist, he has a profound intellect. 
We have attended numerous congresses together, always 
exchanging avant-garde ideas. 
We’ll miss him. 
Raffaele De Caro, Professor of Human Anatomy; Past- 
President of European Association of Clinical Anatomists (EACA); 
Director, Department of Neuroscience, Institute of Human 
Anatomy, University of Padua, Italy; Director, Unit of Clinical 
Anatomy, Department of General Surgery, University-Hospital of 
Padua; Director, National Reference Center for the Conservation 
and Use of the Bodies of the Deceased, University of Padua 
 

 

Very sad news, really. For sure, Mustafa was a great 
anatomist, and not only in Turkey but in the large field of 
clinical anatomy. He was a great support of our journal 
SRA, both through publications and clear analysis of sub-
missions. I remember the great congress in Istanbul. 
Moreover, it was always a great pleasure to meet him, as a 
so nice person. 
Kind regards, 
Fabrice Duparc, MD, PhD; Editor in Chief; Surgical and 
Radiologic Anatomy; EACA Past President 
 

 

I am really devastated by this tragic message.  
Not only was Mustapha a great anatomist, but it always was 
a huge pleasure to meet him in person in various meetings.  
I will forward your notice to the entire list of EACA mem-
bers.  
With my deepest sympathies,  
Bruno Grignon, MD, PhD 
EACA Secretary General 
 

 

This is a great loss and I am deeply saddened. Mustafa has 
always been a role model for me, we were negotiating 
Sobotta, he is my vintage, I can’t believe it. 

I bow down to his character. 

Friedrich Paulsen, Prof. Dr. Padua, HonFAS I; Head 
Institute of Functional and Clinical Anatomy I FAU Erlangen; 

Friedrich Alexander University Erlangen-Nürnberg; President 
European Federation of Experimental Morphology 
 

 

What a tragedy. Mustafa was a giant in our world of anato-
my so this is a huge loss.  

Best wishes, 

R. Shane Tubbs, PhD, MS, PA-C. Director of Surgical 
Anatomy, Tulane University School of Medicine; Editor in Chief 
of Clinical Anatomy; President Elect (2021-2023) of American 
Association of Clinical Anatomy (AACA) 
 

 

Please convey to his family our deepest condolences. 

Regards 

Marios Loukas, MD, PhD. Dean of Basic Sciences SGU; Past 
President of American Association of Clinical Anatomy (AACA); 
Department of Anatomical Sciences, St. George’s University, 
Grenada, West Indies 
 

 

Very bad news, he was the smile and the joy of the 
Anatomical meetings. I miss him. Please, pass to his fami-
ly and the Turkish Association of Anatomists my deepest 
condolences.  

Jose Sanudo, Profesor Anatomía y Embriología, Facultad de 
Medicina, Universidad Complutense de Madrid; EACA Past 
President 
 

 

Mustafa was a great anatomist. 

My deepest condolences to you and your family, with all of 
our anatomy colleagues in Turkey and world-wide. 

Professor Konstantinos Natsis, MD, PhD, BSc, FFIMS, 
FEBSM. Orthopaedic Surgeon; President of Committee on 
Health, AUTh; President of Sports Medicine Association of 
Greece; Vice President of EFSMA; EC member of FIMS; 
President Hellenic Anatomical Society Department of 
Anatomy & Surgical Anatomy School of Medicine, Faculty of 
Health Sciences, Aristotle University of Thessaloniki 
 

 

I am in shock. Mustafa has always been so very kind and 
supportive – he was amongst the very first people I met 
on my first international trip, and has ever since been a 
wonderful friend, always quietly sharing a joke with his 
cheeky grin. At my first meetings he was, and has ever 
since, been such a great support, always enthusiastic for 
the work of others. I will be forever thankful for his 
friendship and guidance, and will miss him at the many 
varied meetings we attended. No one quite mastered the 
quiet, almost magical, appearance out of nowhere, fol-
lowed by a quiet nod and smile, as much as Mustafa.  
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Please share my deepest condolences with his family, with 
all of our wonderful anatomy colleagues in Turkey and 
with his many friends world-wide. 
Quentin A. Fogg, Associate Professor in Clinical Anatomy; 
PhD, FRCPS (Glasg); President (2021-2022), Australian and 
New Zealand Association of Clinical Anatomists 
 

 

What a horrible and sad infromation! We lose a very 
sophisticated experienced anatomist, always modest and 
never insistent. His work was on a constant high level 
and therefore a shining example for young colleagues. 
Personally, I will miss his wonderful smile and politeness as 
well as himself entirely. 
Georg Feigl, Prof. FA. Dr. med. univ., Institute of 
Anatomy and Clinical Morphology University of Witten/ 
Herdecke, Germany 
 

 

So sad news. Too young! 
A great anatomist, scientist and personality.  
Everyone has a good word to say for Professor Mustafa 
Sargon. 
No doubt, his loss is huge for his family first and our 
anatomical society as well. 
Best regards to everyone, 
Trifon D. Totlis, MD, PhD, Assist. Professor in Surgical 
Anatomy, Medical School, Aristotle Univ. of Thessaloniki, 
Greece; Consultant Orthopaedic Surgeon, The-MIS 
Orthopaedic Center; European Knee Associates Board Member 
(a section of ESSKA); Vice-President of the Regenerative 
Medicine Association of Greece 
 

 

The announcement was received with great sadness. 
Please convey my deepest sympathy to Mustafa’s family 
and colleagues at his university. Mustafa was well known 
in the larger academic community and he will be remem-
bered for his academic achievements, professionalism and 
deep kindness. 
Cristian Stefan, MD, Clinical Professor, Department of 
Molecular Pathobiology, New York University College of 
Dentistry 
 

 

What a bad and a sad message. It is a really big loss for our 
anatomical community. Mustafa was the great anatomist, 
the great teacher and such a good person and friend. I will 
miss him a lot. 
Please send my deepest sympathy to his family. 
Václav Báča, MD, PhD, EACA Honorary President; Rector, 
College of Polytechnics Jihlava, Check Republic 
 

 

What a very sad massage!  
What an amazing person! 
I am very sorry for this loss. 
Please send his family a lot of comfort and peace! 
Greetings from Innsbruck, 
Marko Konschake, Prof. Dr. med. univ., Vice Head Institute 
of Clinical and Functional Anatomy; Medical University of 
Innsbruck (MUI); Institute of Clinical and Functional Anatomy 
 

 

Mustafa, great and the most modest anatomist I have ever 
met will remain and live in our thoughts and memories.I 
still remember the meeting in Bodrum where I met him 
first time and he cared for me greatly. 
With deep sorough, 
David Kachlík, PhD, Department of Anatomy, Second 
Faculty of Medicine, Charles University, Prague, Czech 
Republic 
 

 

My deep condolences. 
Antonio Gonçalves Ferreira, Director of the University 
Clinic of Neurosurgery at FMUL, Lisboa; President of the 
European Association of Stereotactic and Functional Neurosurgery 
(ESSFN); EACA Past President 
 

 

What terribly sad news! 
It was truly a pleasure to have gotten to know Mustafa. He 
was a great anatomist. 
I am deeply saddened by the news of his loss. 
My most sincere condolences. 
Michał Polguj, EACA Board Member 
 

 

I would like to express my deep sorrow for the sudden and 
untimely loss of this wonderful man. Mustafa Sargon had a 
lot to offer in the anatomy family. We will always remem-
ber his kindness and his smile. My heartfelt condolences to 
his family in this difficult time. Also a great thank to Nihal 
for the immediate notification of his death, as well as to 
Prof. Grignon for the extended notification to all members 
of the EACA. 
Mara Piagkou, Assoc. Professor, DDS, MD, MSc, PhD, 
Department of Anatomy, Medical School; National and 
Kapodistrian University of Athens Greece; Deputy Vice President 
of the Public Health of Greece 
 

 

Mustafa, a great anatomist. A great loss for EACA and for 
anatomical world. 
We will miss his refinement. 
With deepest condolences 



136 Apaydın N

Anatomy • Volume 16 / Issue 2 / August 2022

Veronica Macchi, Professor of Human Anatomy; Institute of 
Human Anatomy, Department of Neurosciences, University of 
Padua; Unit of Clinical Anatomy, Department of General 
Surgery, University-Hospital of Padua; National Reference 
Center for the Conservation and Use of the Bodies of the 
Deceased, University of Padua; Director of the Interdepartmental 
Research Center for Body Training “A. Vesalius”, University 
of Padua; Treasurer of European Association of Clinical 
Anatomist 

What terribly sad news! I never met Mustafa, but I know 
him for his work and as a great anatomist. I ask that you 
please present my condolences to his family, his friends and 
to all Turkish anatomists, who I am sure are deeply suffer-
ing with this terrible loss. 
Carla Stecco, Department of Neuroscience, Institute of 
Human Anatomy, University of Padua, Italy 

It’s terrible to hear about this loss and I express my sincere 
sympathy. 
Best regards, 
Mirela Eric, Full Professor, MD, PhD, Plastic Surgeon at 
University of Novi Sad, Faculty of Medicine University of Novi 
Sad, Faculty of Medicine; President of Serbian Anatomical 
Society 

It is hard to believe that Mustafa passed away. It is too 
sad. Anatomy is no more pleasant without him. I lost a very 
good friend with a good humour and a smiling face, and a 
hardworking colleague with whom I worked at TSACA 
and EACA for many years. I’m in deep sorrow. 
Salih Murat Akkın, MD, Professor of Anatomy & Dean of 
medical School, SANKO University, Gaziantep; Past President 
of TSACA (2005-2006), Past President of EACA (2009-
2011), Founding Editor of the journal “Anatomy”. 
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Dear colleagues, dear anatomists, and friends of anatomy, 

I would like to invite you to Prague for a joint meeting 
of the 17th Congress of the European Association of Clinical 
Anatomy (EACA) and the 14th Annual Congress of the 
International Symposium of Clinical and Applied Anatomy 
(ISCAA). It will be a unique meeting that will follow the 
long-standing tradition of both organizations that brings 
together morphology scientists from across the generation 
spectrum, across the range of professional focus and across 
the world. I cordially invite you to meet in Prague, one of 
the most beautiful and historic European cities.  

Prague is a historic royal city with unique monu-
ments, and it is the home of Charles University, the old-
est university east and north of the Alps. Come to soak up 
the atmosphere and beauty of Prague, come to meet and talk 
face to face after a practically three-year hiatus due to 
COVID restrictions, come to personally meet with old 
friends and colleagues you have not seen in a long time, and 
personally meet colleagues you only know from online meetings 
in virtual space. I invite you to take advantage of this 

opportunity and join us in the beautiful, warm, safe, and 
friendly heart of Europe.  

I am convinced that with the beautiful city of Prague 
as the backdrop, you will gain professional knowledge and 
establish new working collaborations. During the special 
social gatherings, you will have a chance to make new 
friendships and renew old ones.  

Dear colleagues, friends, and anatomists at heart, I 
look forward to meeting you in person again in Prague 
from September 14 to September 17, 2023. Face to face again! 

Early Bird Registration was open, Call for Paper is 
open till July 1st, 2023 at the Congress website 
https://www.eaca-iscaa2023prague.com/, where you can 
find all details about our congress. 

We are looking forward to meeting you in person in 
Prague!  

Prof. Vaclav Baca, Congress President 

Honorary President of EACA

17th Annual Congress of the European 
Association of Clinical Anatomy (EACA) and 
the 14th Annual Congress of the International 
Symposium of Clinical and Applied Anatomy 
(ISCAA)

Announcement
http://dergipark.org.tr/en/pub/anatomy 
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