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ORIGINAL ARTICLE Eur J Anat, 28 (4): 399-414 (2024)

Enhancing surgical expertise: 3D anatomy’s 
role in residency programs

Arthur Defay1, Jean Picquet1, Henri-Dominique Fournier2,3, Xavier Papon1,2, Florian Bernard2,3,4

1 Vascular and Thoracic Surgery Department, University Hospital Angers, 49100, France
2 Laboratory of Anatomy – Medical School –Angers, France 
3 Department of Neurosurgery, University Hospital, Angers, France
4 CRCINA, UMR 1232 INSERM/CNRS and EA7315 team, Angers, France

SUMMARY
Current virtual reality (VR) technology allows 

for the creation of instructional video formats 
that incorporate three-dimensional (3D) stereo-
scopic footage. Combined with 3D anatomic dis-
section, any surgical procedure or pathology can 
be represented virtually to supplement anatomi-
cal learning and surgical preoperative planning. 
The aim of this study was to evaluate the impact of 
virtual reality anatomical teaching. A prospective 
case-control study was performed. After a prereq-
uisite anatomical knowledge assessment, partici-
pants were randomized in two groups: stereoscop-
ic anatomical teaching program versus classic 
teaching with anatomical and surgical books of 
thoracic brachial outlet syndrome, and its relat-
ed anatomy. Then, students completed a written 
anatomical test to assess their basic knowledge in 
vascular anatomy. Pre- and post-test performanc-
es were analyzed with independent t-tests for to-
tal score assessing basic anatomical knowledge, 
anatomical relationships and clinical inference. 

Before performing the teaching, the 20 stu-
dents included were homogenous in term of to-
tal exam mark in abdominal aorta (mean 78,78% 

vs 76,34%) and carotid artery evaluations (mean 
78,57% vs 74,76%). After the course, there sta-
tistical differences (p<0,05) between the stereo-
scopic-3D.video group (n= 10, 90%) and classi-
cal-teaching group concerning the total exam 
mark, descriptive anatomy, anatomical relation-
ships and clinical inference skills. All the stu-
dents thought this method seemed indispensable 
to their anatomical training course (100%). The 
teaching video with 3D stereoscopy seems to be 
a useful and complementary teaching tool that is 
approved by the residents themselves. In a future 
study, it will be necessary to evaluate the contri-
bution of this teaching in the long term.

Key words: Pedagogy – Vascular Surgery – 
Anatomy – 3D – Simulation 

INTRODUCTION
Human anatomy is one of the fundamental dis-

ciplines of the medical curriculum. Its teaching 
combines lectures, dissections and commented 
illustrations and texts since the sixteenth centu-
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ry and the work of Andreas Vesalius (Cobolet et 
al., 2014). 500 years later, teaching this specialty 
is a delicate undertaking. Almost all the anatom-
ical learning is provided in the early stage of the 
medical curriculum (Bernard et al., 2020a). The 
students learn the basics without any clinical 
and surgical experience. At the beginning of resi-
dency, a second anatomical course is required to 
learn and practice surgery, such as vascular sur-
gery. This includes a refresher course on surgical 
and clinical based-anatomy.

The recent growth of digital technologies offers 
new perspectives for medicine and the clinical 
follow-up of patients (Bernard et al., 2021; Sata-
va et al., 1995), surgeries and surgical anatom-
ical teaching (Bernard et al., 2019; Bernard et 
al., 2020b). Students can now view videos in 3D 
with their smartphones. The use of 3D stereos-
copy is better than 2D to stimulate the student’s 
visuospatial cognition (Bernard et al., 2018b; 
2020b) and to learn anatomy (Bogomolova et al., 
2020). We have shown in a previous study that 
this technology helps medical students to better 
understand anatomical relationships and clini-
cal inference (Bernard et al., 2020a). The ability 
for students to visualize in 3D anywhere enables 
us to offer digital anatomo-surgical course tu-
torials on the go and challenge previous ways 
of accessing anatomical knowledge. In order to 
obtain certified anatomy videos, we undertook 
their production with residents, as well as an-
atomical and vascular teachers. These videos 
have been added as an extra tool to traditional 
teaching methods since 2016 at the University 
of Angers. The objective of this study is to eval-
uate the pedagogical value of 3D stereoscopic 
video compared to the traditional study method 
during residency.

In order to learn surgical anatomy, residents 
need to assist senior surgeons as often as possible. 
The repetition allows him/her to increase his/her 
mental representation of the surgery (Gimm et al., 
2019; Sosa et al., 2007). Then, he/she can learn in 
the anatomical and/or simulation centre and per-
form surgeries step-by-step with the help of a men-
tor over a period of time (Scott et al., 2008). This 
teaching method is good, and many surgeons have 
been successfully trained this way. However, it has 

its limits, such as the need to find a “mentor” (Sol-
orzano et al., 2010), to be in a reference university 
centre or to attend conferences with hidden costs 
(Miahi et al., 2019; Palazzo et al., 2016). Moreover, 
the increase of the number of residents accepted 
in the vascular surgery residency program raises 
the training issue, particularly as surgeries are 
scarce (too many residents for few surgeries). As a 
result, we have developed an anatomo-surgical 3D 
teaching program that can be displayed in a virtu-
al-reality, mobile and web application. This appli-
cation can be used in a pre-operative context. The 
aim of this study was to compare this approach to 
a traditional teaching method.

MATERIAL AND METHODS

Study design and population

This study is a prospective study conducted be-
tween September 2020 and June 2021. The study 
population is composed of surgical residents from 
the Faculty of Medicine in Angers and Nantes 
(France). All participating residents received an-
atomical instruction and dissection study during 
their medical curriculum.

3D stereoscopic clinical based anatomical video

A 3D video with French commentaries was 
developed to teach the anatomy of the thoracic 
brachial outlet, explaining its syndrome and its 
surgical treatment (available at https://youtu.be/
UdmakWf7us4, supplemental video material 1). It 
could be watched via a 3D television, smartphone 
or virtual reality headsets in a VR, mobile and web 
app (AKIVI, Anatomical Knowledge in Virtual Im-
mersion, www.AKIVI.fr). We set up a pedagogical 
committee to provide anatomical content that 
met the requirements of the first years of vascular 
surgery training. A resident (AD, first author) was 
also involved in the creation of this pedagogical 
resource at each step to meet students’ and teach-
ers’ requirements.

Study protocol

Before the beginning of the session, the resi-
dents were divided into 2 main groups by ran-
domization in order to minimize selection bias 
(Fig. 1). All the students in the study had previ-

https://youtu.be/UdmakWf7us4
https://youtu.be/UdmakWf7us4
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ously completed cadaver dissection over a peri-
od of two weeks. The “video group” learnt from 
a 3D stereoscopic video and the “traditional 
methods group” or “book group” studied a selec-
tion of reference books. Before the teaching ses-
sion, both groups completed an anatomical quiz 
to evaluate their knowledge of vascular surgical 
anatomy (Supplemental Materials 1 through 8). 
Two groups were subjected to different learning 
methods for a duration of 3 hours each. The first 
group, referred to as the “Video Group”, engaged 

in learning through a 3D stereoscopic video, of-
fering a potentially more immersive educational 
experience. Conversely, the “Traditional Methods 
Group (Book Group)”, utilized a selection of refer-
ence books, adhering to conventional text-based 
learning approaches (Atlas d’anatomie humaine, El-
sevier-Masson, 2021; Chaikof and Cambria, 2014; 
Gray’s Atlas d’anatomie humaine, Elsevier-Masson, 
2021). Both groups received an equal amount of 
study time, facilitating a comparative analysis of 
the effectiveness of immersive versus traditional 

Fig. 1.- Cohort recruitment flowchart.

Table 1. Evaluation criteria for the video by residents using a Likert scale.

Q1 Do you find this teaching method easy to use 

Q2 Does this teaching method seem similar to practicing it according to you 

Q3 The possibility of reviewing the videos is a positive aspect of this method 

Q4 The possibility of seeing dissections outside an anatomy laboratory is a positive point of this method 

Q5 The possibility to see 3-dimensional dissections and to see the relationships and depth between organs is a positive aspecy 
of this method

Q6 The ability to see the surgery with commentary from the surgeon’s point of view is a positive aspect of this method

Q7 Does this method (visible on mobile, computer, virtual reality glasses) seem indispensable to you in your anatomical train-
ing course

Q8 “I learned more with the help of the 3D video than during the practical dissection work 
dissection”.

Q9 “I preferred virtual visualizations to cadaver dissections”.
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learning methods. Then, the students answered 
questions about the thoracic brachial outlet one 
month later. The video group also completed a 
satisfaction questionnaire about the 3D experi-
ence (Table 1). This quiz was not mandatory for 
the students. By agreeing to take it, the students 
agreed to participate in the study. Each student 
was evaluated individually. 

3D students feedback

After watching the video, the students in the vid-
eo group completed a 5-point Likert scale evalua-
tion form (“strongly disagree”, “somewhat agree”, 
“don’t know”, “somewhat agree” and “strongly 
agree”). They also had the opportunity to select 
positive and negative aspects of the video. 

Supplemental material 1. Anatomical evaluation of carotid artery. R/W: right/wrong items.
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Pre- and post-course testing

This pedagogical approach aims to help students 
achieve the acquisition of anatomical knowledge 
and understanding of vascular anatomy and its 
surrounding structures. The quiz consisted of 
several multiple-choice questions (MCQs). The 
post-test in this study took place one month after 
the participants studied the material using the 
video or the book. This timing was chosen to eval-
uate the long-term retention of knowledge gained 
through the different learning methods. Accord-
ing to the pedagogical committee, three key skills 
had to be evaluated: fundamental knowledge, 
structural relationships in space, and clinical and 
surgical relevance (Table 2). The same quiz on the 
above topics was given to both groups. For each 
group, an average score out of 100 was calculat-

ed for each question, as well as the percentage of 
correct answers.

Several precautions were taken to minimize 
possible biases in the analysis: (A) all data were 
collected using designated serial numbering 
without any identifying information; (B) all exams 
were analysed by an anatomist who was not in-
volved in the teaching phase of the study, did not 
know the students and was blind to the students’ 
designated group; (C) the resident who contrib-
uted to the design of the pedagogical videos did 
not participate in the delivery of the instructional 
sessions or the evaluation process, to prevent any 
potential influence on the study outcomes or the 
opinions of other participants. Data analysis was 
performed in SPSS (version 17.0). Paired t-tests 
were used to compare pre- and post-test perfor-

Supplemental material 2. Anatomical view of carotid artery (Q1-Q5) from David Lee Basset stereoscopic Atlas. Creative Commons 
Attribution-Noncommercial-Share Alike 3.0 United States License.
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mance. Between-group performance and demo-
graphic comparisons at baseline were analysed 
using independent t-tests. A p-value of less than 
0.05 was considered significant. The data analysis 
was conducted in SPSS (version 17.0). Descriptive 
statistics were presented in the form of frequen-
cies and percentages.

Role of funding source

The AKIVI project was supported by University 
of Angers’ Health Department and its 3D-lab, the 
Pays de la Loire Department Council and SATT 
oust valorisation. This funding made possible the 
production of the videos and the creation of the 
application.

Table 2. Anatomical evaluation of thoracic brachial outlet. R/W right / wrong items.

Knowledge 
evaluated Questions Type

Descriptive
anatomy

Q1 - Legend 1 = Clavicle R/W

Q2 - Legend 2 = Subclavian muscle R/W

Q3 - Legend 3 = Subclavian vein R/W

Q4 - Legend 4 = Axillary artery R/W

Q5 - Legend 5 = Brachial plexus R/W

Q6 - Legend 1 = Right common carotid artery R/W

Q7 - Legend 2 = Subclavian artery R/W

Q8 - Legend 3 = Pectoralis major muscle R/W

Q9 - The clavicle is severed. R/W

Q10 - The first rib is not visible on this view. R/W

Q11 - The cervical thoracic brachial outlet is defined by 4 successive spaces. R/W

Q12 - The scalene pathway is part of the cervical thoracic brachial pathway. R/W

Q13 - The costo-clavicular canal is part of the thoracic brachial outlet. R/W

Q14 - The supra pectoral tunnel is part of the thoracic brachial parade. R/W

Q15 - The humeral neck is part of the thoracic brachial outlet. R/W

Anatomical
relationships

Q16 - The costoclavicular canal is located between the distal part of the clavicle and the first rib. R/W

Q17 - The anterior and middle scalene muscles are elements of the costoclavicular canal. R/W

Q18 - The subclavian vein is medial to the subclavian artery. R/W

Q19 - The subclavian artery lies outside the C8T1 nerve roots. R/W

Q20 - The subclavian muscle passes in front of the lower surface of the clavicle. R/W

Reasoning, 
physiopathology, 
clinical outcomes

Q21 - Thoracic brachial outlet syndrome is a chronic pain syndrome. R/W

Q22 - The thoracic outlet syndrome has a dynamic component. R/W

Q23 - The thoracic brachial outlet syndrome is caused by compression of the vascular and nervous 
structures. R/W

Q24 - The costo clavicular canal is part of the thoracic brachial outlet. R/W

Q25 - Resection of the clavicle is one of the treatments for thoracic brachial outlet syndrome. R/W

Q26 - Resection of the first rib is the gold standard surgical treatment for thoracic brachial outlet 
syndrome. R/W

Q27 - The section of the pectoralis minor muscle can be associated with the resection of the first rib. R/W

Q28 The Roos axillary approach allows for resection of the first rib. R/W

Q29 The Roos axillary approach passes in front of the pectoralis minor muscle. R/W

Q30 None of the four previous proposals is correct. R/W
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RESULTS 

Population 

A total of 20 residents were enrolled in the study 
and successfully completed the course in the lab-
oratory of Angers, France. All participants were 
surgical residents. All completed the study and fol-
lowed up. The video group and books group were 
each composed of 10 residents who completed the 
first cycle of medical studies in different French 
universities. They were residents in different sur-
gical specialties. Among the residents in the vid-
eo group, there were 6 males and 4 females from 
Angers (n=3), Nantes (n=1), Marseille (n=1), Paris, 
(n=1), Caen (n=1), Toulouse (n=1), Amiens (n=1) 
and Reims (n=1). In this group, there were two 
vascular surgery residents (2nd and 3rd year), two 

visceral surgery residents (2nd and 3rd year), one 
maxillofacial surgery resident (1st year), one oph-
thalmology resident (1st year), two orthopedics 
surgery residents (1st and 5th year), one ENT sur-
gery resident (4th year) and one urological surgery 
resident (1st year). Among the book group, there 
were 5 males and 5 females from Angers (n=2), 
Nantes (n=1), Paris (n=2), Rennes (n=1), Poitiers 
(n=1), Caen (n=1), Toulouse (n=1) and Bordeaux 
(n=1). In this group, there were two vascular sur-
gery residents (two in 1st year), two thoracic and 
cardiovascular surgery residents (1st and 3rd 
year), two visceral surgery residents (2nd and 3rd 
year), one neurosurgery resident (1st year), one 
gynaecology-obstetrics resident (4th year), one 
ENT surgery resident (2nd year), and one urolog-
ical surgery resident (2nd year).

Supplemental material 3. Anatomical view of the carotid artery (Q6-Q10) Illustration for Traité complet de l’anatomie de l’homme 
comprenant la médecine opératoire (1831-1854) by Jean-Baptiste Marc Bourgery. Public domain.
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Supplemental material 4. Anatomical evaluation of abdominal aorta. R/W: right/wrong items.
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Pedagogical evaluation

Before taking the course, there were no statisti-
cal differences in abdominal aorta knowledge in 
terms of total score (78,8% vs 76,3%, p=0,162), 
descriptive anatomy (mean 81,3% vs 71,3%, 
p=0,293), anatomical relationships (mean 82,9% 
vs 74,3%, p=0,112), or clinical reasoning (mean 
63,3% vs 61,7%, p=0,41) between the video and 
book group. Before taking the course, there were 
no statistical difference in carotid artery knowl-
edge in terms of total score (78,6% vs 74,8%, 

p=0,162), anatomical relationships (mean 77,0% 
vs 78,0%, p=0,569), or clinical reasoning (mean 
74,2% vs 70,0%, p=0,298) between the video and 
book group (Table 3). 

After taking the course, there were statistical 
differences (p<0,05) between the video group and 
books group in terms of the total score (mean 90% 
vs 70,67%), descriptive anatomy (mean 90% vs 
69,33%), anatomical relationships (mean 74% vs 
54%), and clinical reasoning (mean 98% vs 81%) 
of thoracic brachial outlet (Fig. 2). 

Supplemental material 5. Anatomical view of abdominal aorta (Q1-Q5).  Illustration for Traité complet de l’anatomie de l’homme 
comprenant la médecine opératoire (1831-1854) by Jean-Baptiste Marc Bourgery. Public domain.
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Satisfaction questionnaire (Table 1 and 4)

Regarding the residents who viewed the video 
of the thoracic brachial outlet and who answered 
the satisfaction questionnaire (n=10), results are 
summarized in Table 4. According to the Q1-Q2 
responses, all of the residents thought that the 
video was an easy method to use (100%, Table 4) 

and close to practice. According to all residents, 
the possibility of reviewing the videos (100%, Q3, 
Table 4) and seeing dissections outside the ana-
tomical laboratory (100%, Q4, Table 4), especially 
in 3-dimensional stereoscopy, was useful. Observ-
ing the relationships and depth between organs 
was positive (100%, Q5, Table 4). Moreover, stu-

Fig. 2.- Post-test groups performances concerning Abdominal Aorta anatomy before the courses. Blue, video group; Orange, books group.

Table 3. Group performance concerning abdominal aorta and carotid artery before instructional video or books. For each group, 
expression of the average score out of 100 then the average of the correct answers in percentage. This table demonstrates the group 
test performances before their exposure to the instructional video or books.

SUBJECT KNOWLEDGE EVALUATED 
(MEAN OF GOOD RESPONSES)

PRE TEST
VIDEO GROUP

PRE TEST 
BOOKS GROUP P-VALUE

CAROTID
ARTERY

SUPPLEMENTAL 
MATERIAL 1-3 

Descriptive anatomy (Q1-Q10) 87,0% 74,0% p = 0,028

Anatomical relationships(Q11-Q30) 77,0% 78,0% p = 0,569

Reasoning, physiopathology, clinical outcomes 
(Q31-Q42) 74,2% 70,0% p = 0,298

TOTAL 78,8% 74,8% p = 0,162

ABDOMINAL
AORTA

SUPPLEMENTAL 
MATERIAL 4-6

Descriptive anatomy (Q1-Q15) 81,3% 71,3% p = 0,293

Anatomical relationships(Q16-Q29) 82,9% 74,3% p = 0,112

Reasoning, physiopathology, clinical outcomes 
(Q30-Q41) 63,3% 61,7% p = 0,412

TOTAL 78,8% 76,3% p = 0,162
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Table 4. Evaluation of the 3D stereoscopic video by the residents (n=10).

Not agree at all Rather disagree Do not know  Agree Totally agree Positive reviews

Q1 0% 0% 0% 0% 100% 100%

Q2 0% 0% 0% 50% 50% 100%

Q3 0% 0% 0% 0% 100% 100%

Q4 0% 0% 0% 0% 100% 100%

Q5 0% 0% 0% 0% 100% 100%

Q6 0% 0% 0% 30% 70% 100%

Q7 0% 0% 0% 40% 100% 100%

Q8 0% 0% 0% 60% 40% 100%

Q9 10% 30% 10% 50% 0% 50%

Supplemental material 6. Anatomical view of abdominal aorta (Q6-Q10) from David Lee Basset stereoscopic Atlas. Creative Com-
mons Attribution-Noncommercial-Share Alike 3.0 United States License.
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dents enjoyed the ability to watch the surgery with 
commentary from the surgeon’s point of view 
(100%, Q6, Table 4). Students did not give nega-
tive feedback after watching this tutorial course.

All the students thought that providing digital 
certified course using currently available devices 
(smartphone, computer and virtual reality glass-
es) seem indispensable to their anatomical train-
ing course (100%, Q7, Table 4). They thought they 
learned more with the help of the 3D video than 
during previous practical dissection work (100%, 
Q8, Table 4). However, almost half of the residents 
thought that this kind of video could not replace 
cadaver dissection (40%, Q9, Table 4).

DISCUSSION 
We have shown that residents are in favour of 

a virtual clinical-based anatomical teaching pro-
gram and that they would find it useful. 

In our study, before the course (video or books) 
there were no statistical differences (p>0,05) be-
tween the groups performances in basic vascular 
anatomy. It is noteworthy that in the video group 
they had better performance in the pretest in total 
score knowledge and clinical reasoning (although 
it was not significant). After watching the tutorial, 
we have seen that the video group scored higher 
than conventionally taught residents in descrip-

Supplemental material 7. Anatomical view of thoracic brachial outlet with section of the clavicle (Q6-Q10) from David Lee Basset 
stereoscopic Atlas. Creative Commons Attribution-Noncommercial-Share Alike 3.0 United States License.
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tive anatomy, anatomical relationships and even 
clinical inference. These results are similar to 
another study conducted on a different popula-
tion (Deng et al., 2018). Understanding anatomy 
means to be able to master visual-spatial skills. 
However, these skills are not necessarily mas-
tered or understood by the students’ pre-special-
isation, especially for specific topics such as the 
thoracic brachial outlet that include three ana-
tomical regions (interscalenic triangle, costocla-
vicular space, pectoralis minor space) (Connolly 
et al., 2021; Illig et al., 2016; Jones et al., 2019; 
Masson, 2021), to which we can add the humeral 
block (Brunet, 1999).

Over the years the anatomical and surgical 
knowledge of the thoracic outlet has evolved. 
Therefore, it is necessary to provide an updated 
anatomical and surgical description of each area. 
As an example, we will discuss thoracic outlet 

syndrome (TOS). TOS is a disease that requires a 
good anatomical knowledge to understand its di-
agnosis and its surgical treatment. This syndrome 
is a good example of the implication of anatomical 
knowledge in relation to surgical technique.

In the clinical-based anatomical videos, the ad-
dition of a surgical section showing the view of 
the main surgeon during the operation allowed 
for a better understanding of the surgical rele-
vance of such anatomy. Our results showed that 
the instructional video with stereoscopic 3D views 
is an effective tool for learning surgical anatomy 
and the steps of a surgical procedure. Although 
the acquisition of theoretical knowledge is es-
sential, the mastery of surgical procedures is the 
cornerstone of clinical expertise (Alameddine et 
al., 2018). The teaching of surgical skills is one of 
the most important and exhilarating tasks for a 
university surgeon (Norman, 1985). All teaching 

Supplemental material 8. Anatomical view of thoracic brachial outlet with section of the pectoralis minor muscle (Q1-Q5) from 
David Lee Basset stereoscopic Atlas. Creative Commons Attribution-Noncommercial-Share Alike 3.0 United States License.
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programs are aiming at professional skills acqui-
sition, which is the “individual’s capacity to effec-
tively resolve various problems met in his domain 
of practice” (Jean et al., 1993). Most of this surgi-
cal learning is done in the operative room on real 
surgeries during residency. It follows 3 stages: 
demonstration, repeated practice, and immediate 
feedback on the procedure (Reznick, 1993). The 
first stage (demonstration) is the main one and is 
progressively put aside in favour of the next ones 
(practice and feedback). This kind of teaching is 
obviously dependant on day-to-day mentoring. 
Students need to be taught by their mentors in or-
der to develop and acquire the technical skills for 
surgical procedures. Furthermore, as the surgical 
disciplines tend to be over specialized and with 
numerous new technics and instruments that 
are complementary or alternative to convention-
al procedures, these multiply the ways of teach-
ing surgery. This progressive direction towards 
poles of excellence or even hyper-specialization 
is a trend that is widespread among institutions. 
The specific care needs of local populations, and 
the frequent medical under-staffing of university 
teams accentuate the phenomenon.

As 50% of the residents argue, the training pro-
gram using only educational videos with a 3D 
method cannot obviously replace the cadaver dis-
section course. As described previously (Bernard 
et al., 2020a,b), surgical anatomy training deserves 
further exploration of the role of synergistic mul-
timodal teaching strategies, such as the combina-
tion of 3D anaglyphic stereoscopy with virtual re-
ality simulations, augmented reality teaching and 
3D printing. In our study, students supported the 
development of stereoscopic teaching as a com-
plementary resource. Indeed, their enthusiasm 
for the 3D method was mitigated by the fact that 
they found that this approach did not exclude the 
traditional pedagogical method. These findings 
were in accordance with previous studies, where 
new digital tools and integrative teaching meth-
ods have been promoted to complement anatom-
ical education and the lecture experience (Hattie, 
2012; Louw et al., 2009). Modern digitalized meth-
ods of teaching anatomy are undoubtedly useful 
(Louw et al., 2009; Turney, 2007). However, body 
dissections can still benefit significantly the new 

medical students, and these procedures should 
be maintained as part of surgical training (Shioza-
wa et al., 2017). 3D-stereoscopic-based learning, 
and new techniques such as virtual reality and 
3D printing can be used to enhance and support 
anatomical teaching and learning in medical ed-
ucation (Vaccarezza and Papa, 2015). According 
to Papa and Vaccarezza’s review (Papa and Vacca-
rezza, 2013), we are confident that gross anatomy 
through dissection and mental visualization can-
not be undermined in a modern medical curricu-
lum, since it gives a 3D experience that cannot yet 
be reproduced by the most advanced digital anat-
omy programs available. 

All the participants in the study had previously 
completed cadaver dissection over a period of two 
weeks. Cadaver dissections and virtual visualiza-
tions each have distinct advantages in anatomi-
cal education. Cadaver dissections offer unpar-
alleled realism and tactile feedback, crucial for 
understanding human tissue characteristics, but 
require a specialized lab and come with higher 
costs (Bernard et al., 2019; Cobolet et al., 2014). 
Virtual tools, while lacking in tactile feedback, 
provide accessibility, convenience, and customi-
zation, allowing for repeated use and updates to 
illustrate various anatomical variations. They are 
cost-effective in the long run despite high initial 
setup costs, and remove ethical concerns associ-
ated with cadaver use. However, they may have a 
learning curve and often lack the detail and ac-
curacy found in cadaver dissections (Bernard et 
al., 2019; Cobolet et al., 2014). Ultimately, these 
methods are complementary, with cadaver dis-
section providing depth and realism, and virtual 
visualization offering innovation and practicality 
in anatomical learning.

In our study, we evaluated the contribution of an 
educational video on an uncommon surgical ap-
proach (axillary removal of the first rib) performed 
in a tertiary centre. This surgery requires an ex-
cellent anatomical knowledge. The contribution 
of educational videos including 3D stereoscopic 
views at the beginning of the residency could help 
beginning residents to understand this surgical 
procedure. It could also allow residents who are 
not part of an expert centre to access training on 
specific surgical techniques. Scientific societies 
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work hard to digitalize and promote such teach-
ing. Vascular surgery training in France is deliv-
ered by the French College of Vascular Surgery 
on a national basis. During their four years of res-
idency, vascular surgery residents must follow a 
national digital teaching programme. The SIDES 
NG platform is the result of work carried out in 
collaboration with all the national stakeholders 
concerned by the 3rd cycle of medical studies. 
This platform is supported by all French medical 
universities. This represents more than 40,000 
residents, 44 postgraduate diplomas and 34 fac-
ulties of medicine (Vaccarezza and Papa, 2015). 
The postgraduate diploma in vascular surgery in-
cludes distance learning courses taught by differ-
ent surgeon-teachers of the specialty in France. 
Slide shows are accessible to the residents and 
are divided into 3 parts (base phase, deepening 
phase and consolidation phase) in line with the 
new reform of the 3rd cycle of medical studies. 
The viewing of these videos could be part of the 
validation of the different phases of the postgrad-
uate diploma in vascular surgery and amounts 
to several hours of viewing. Currently, the foun-
dation phase includes a chapter on anatomy and 
surgical approaches in vascular surgery, and it 
should be noted that the anatomy of the thorac-
ic brachial outlet and surgery for resection of the 
first rib are not included in this teaching. More-
over, it does not include 3D stereoscopic video or 
VR courses. In view of this new digital curricu-
lum, the addition of educational videos of surgi-
cal anatomy could be a complement to the digital 
training of vascular surgery residents. 

Limitations

 Our study has several limitations. Our sample 
size was small, despite the recruitment of resi-
dents from several hospital sites and several sur-
gical specialties. Surgical specialty is not a deter-
mining factor, as the answers to the MCQs were 
equivalent for both groups before viewing the 
video or the anatomy books. Descriptive results 
showed that the resident profile was heteroge-
neous in terms of surgical specialty, age, vascular 
surgery experience and university origin. What-
ever the student profile, all students assume that 
a complementary anatomo-surgical program is 

needed. We can add to the limitations the fact 
that the students in the 3D group were probably 
more enthusiastic and motivated, leading to bet-
ter results. Additional study time due to enthusi-
asm is a valid consideration; however, the study’s 
design aimed to minimize its impact. Future re-
search could track actual study time to further 
address this variable. Furthermore, the absence 
of a satisfaction survey for the book group pre-
cludes a comprehensive comparative analysis of 
students’ satisfaction with the learning methods, 
which may have provided additional insights 
into the educational impact. The results of these 
studies should be confirmed by larger studies. 
Additionally, the timing of our evaluation poses 
a limitation: the long-term knowledge assess-
ment was conducted only one-month post-inter-
vention, which may not sufficiently capture the 
true extent of knowledge retention over a longer 
period. It is necessary to evaluate the impact of 
this teaching method on the students’ long-term 
knowledge with assessments at multiple inter-
vals post-intervention.

CONCLUSION 
The teaching of vascular anatomy and surgi-

cal approaches in postgraduate vascular surgery 
studies is essential. The development of educa-
tional videos using 3D stereoscopy in particular 
could complement teaching in this field. This dig-
ital clinical-based method of anatomical teaching 
is particularly suited as a complement to tradi-
tional teaching methods. 
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The effect of ethanolic extract of Moringa 
oleifera leaves on sperm parameters in 

4G-cellphone-EMR exposed rats
Sudha Ramalingam, Deepa Somanath

Department of Anatomy, Sri Manakula Vinayagar Medical College and Hospital, Puducherry- 605 107, India 

SUMMARY
Cell phone use and infertility are topics of scien-

tific investigation. 2G, 3G and 4G cell phone radi-
ation causes negative effects on spermatogenesis. 
The aim of this study is to assess the protective 
efficiency of Moringa oleifera leaves (MOL) on the 
sperm parameters of Wistar rats against elec-
tromagnetic radiation (EMR) emitted from a 4G 
mobile phone. Male Wistar rats were divided into 
five groups. Control group (n=3) without mobile 
phone; Sham group (n=3) with mobile phone in 
switched-off mode; MOL-2 group (n=6) obtained 
orally 200 mg ethanol extract of MOL/kg BW/two 
months; R2 group (n=6) subjected to 4G-EMR 
for 96 minutes/day/two months; R2+MOL group 
(n=6) treated with MOL extract while exposed to 
EMR for two months. After the experimental pe-
riod, rats were sacrificed to get epididymises. The 
epididymal fluid was collected to evaluate count, 
viability, motility and morphology of sperms. The 
4G-EMR induced a significant reduction in the 
count and tail defects of sperms (P<0.05) in R2 rats 
as compared to control, sham and MOL-2 groups. 
Nevertheless, MOL extract significantly inhibited 
the EMR-caused fall of those variables in R2+MOL 
group. The R2 group had significantly (P<0.0001) 

lower and higher values concerning the sperm’s 
progressive motility and non-motility rates, the 
percentages of alive and dead sperms than those 
in the control, sham, and MOL-2 groups, but the 
MOL extract restored the parameters in R2+MOL 
as compared to R2 group. The oral administration 
of 200 mg of ethanolic extract of Moringa leaves 
protected the sperm parameters of Wistar rats to 
near normal level from harmful effects of 4G-cell 
phone-EMR. 

Key words: Cell phone – Moringa leaves – Testis – 
Oxidative stress – Sperm 

INTRODUCTION
Infertility is defined as failure to get pregnant 

after a year of regular, unrestricted sexual copula-
tion, which is a widespread problem with human 
reproduction ranging from 2.5 to 15 %. It signifi-
cantly affected 27.5 million of Indian couples, and 
40–50% of infertility in those couples is attribut-
able to the male spouse (Agarwal and Durairajan-
ayagam, 2015; Toragall et al., 2019). Male infertil-
ity is associated with the use of tobacco, alcohol, 
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pesticides, heavy metals, and radiation, in addi-
tion to a few clinical disorders and genetic factors 
(Oliva et al., 2008).

Smartphones utilize high frequency (850 MHz-
2.4 GHz) and emit non-ionizing radiation called ra-
dio-frequency electromagnetic radiation (RF-EMR) 
during its working mode (Agarwal et al., 2008; Kim 
et al., 2007; Oh et al., 2018). Few human research-
es has investigated the relationship between cell 
phone exposure and poor semen quality, which 
may lower sperm count, motility, viability and nor-
mal morphology (Agarwal et al., 2008; Erogul et 
al., 2006). The rate at which RF-EMR energy is ab-
sorbed by human tissues is known as the specific 
absorption rate (SAR). The amount of SAR absorbed 
depends on the exposure’s frequency, intensity, po-
larisation, and duration. When conversing on the 
phone or keeping the phone close to the head or in 
a pocket of clothing, a greater radiation absorption 
rate may be seen (Kesari et al., 2018). Health risks 
by RF-EMR might arise from thermal, non-thermal, 
or a mixture of both processes (Meo et al., 2011). It 
may affect gene responsiveness, causes DNA dam-
age or inhibit its repair, and causes oxidative stress 
(OS) in a non-thermal manner (Belpomme et al., 
2018). OS is a condition caused by an imbalance 
between oxidants and antioxidants, which results 
in an excessive accumulation of oxidants relative 
to antioxidants. The relationship between RF-EMR 
exposure and harmful biological effects is due to 
the production of reactive oxygen species (ROS) 
as a result of elevated OS, which undermines the 
body’s natural defences (Avci et al., 2012). Com-
pounds known as bio-antioxidants eliminate, scav-
enge and resist the formation of ROS or their activ-
ity. Among the well-known biological antioxidants, 
super oxide dismutase (SOD) and its two isozymes, 
glutathione reductase (GR) and catalase, play a 
significant role (Turk et al., 2008). The protective 
properties of plant material including antioxidant 
chemicals against cell-phone-related RF-EMR tis-
sue damage have been well-documented by aca-
demics (Avci et al., 2012; Khaki, 2011; Mailankot 
et al., 2009). The leaves of the Moringa oleifera 
(MOL) (drumstick tree), which is an Indian staple 
food, is a good source of vitamins, minerals, and 
amino acids. There is literature available regarding 
the anti-diabetic, anti-hypertensive, anti-inflam-

matory, antiepileptic and antitumor properties of 
MOL. A variety of anti-oxidants are identified in 
MOL such as kaempferol, quercetin, myricetin, 
vanillin, gallic acid, ellagic acid, ferulic acid, and 
flavonoids (Stohs and Hartman, 2015). There is 
a scarcity in the literature investigating MOL as a 
protector of sperms against the hazardous effects 
of RF-EMR arising from 4G-cell phone. Hence, this 
experiment was conducted to determine the pos-
sible radio-protective efficacy of ethanolic extract 
of MOL on sperm parameters in Wistar rats during 
RF-EMR exposure from 4G-cell phone for duration 
of two months.

MATERIALS AND METHODS

Animals

Four-week-old male Wistar rats, weighing ap-
proximately 150-180 gm, were used in this study. 
They were housed in Plexiglas cages with a com-
mercially available balanced diet and tap water ad 
libitum. They were subjected to light and dark pe-
riods of 12 h/12 h and a temperature of 22 to 24°C.

Ethical clearance

The animal experimentation procedures listed 
in this study were done according to the interna-
tionally accepted guidelines for the Care and Use 
of Laboratory Animals and approved by the Insti-
tutional Animal Ethics Committee (Approval let-
ter No. IAEC/2015/02).

Animal grouping

After a week of acclimatization, rats were ran-
domly divided into five groups, and they were 
maintained in separate rooms without any other 
external EMR-sources.

Control group (n=3): No cell phone radiation.

Sham group (n=3): Exposed to the cell phone in 
switch off mode.

MOL-2 group (n=6): Received orally 200 mg of 
ethanolic extract of MOL/kg body weight/day for 
two months.

R2 group (n=6): Exposed to EMR for 96 minutes/
day for two months (4 minutes/every half an hour 
from 8 AM to 8 PM).
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R2+MOL (n=6): Exposed to EMR for 96 minutes/
day (4 minutes/every half an hour from 8 AM to 8 
PM) and concurrently treated orally with 200 mg 
of ethanolic extract of MOL/kg body weight/day for 
two months.

Cell phone-EMR System for exposure

A typical commercial brand of Android smart-
phone with a peak power density of 2W/kg and a 
whole-body SAR value of 1.6W/kg was employed 
in this study (as stated by the manufacturer). The 
Cornet Electrosmog RF meter was used to calculate 
the average power density of the phones, which 
was 187.9 mW/m2, based on the electromagnetic 
field values of the rat cage’s interior. The smart-
phone was suspended from the rat cage’s ceiling to 
reach the center of the cage while ensuring the free 
movement of the animals (Narayanan et al., 2009).

MOL collection and preparation of the extract 

M. Oleifera leaves that had been verified by a Bot-
anist were collected from a village in Tamil Nadu, 
India. The leaves were washed with water and air-
dried at 44°C for four hours, and then powdered 
in an electric mixer grinder. The powdered leaves 
were macerated with 70% ethanol at a ratio of 1:40, 
w/v, for 72 hours at room temperature to prepare 
the extract. The extract was filtered using No. 1 
Whatman filter paper, and any leftover material 
was extracted again using the same procedure and 
solvent until the entire amount of marc was used 
completely (Vongsak et al., 2013). The resulting 
crude extract was stored at -4°C for later usage after 
the solvent was removed using a rotary evaporator.

Collection of semen and sperm evaluation

An intraperitoneal injection of 45 mg/kg of ket-
amine hydrochloride was given 24 hours after 
the completion of the experiment to anesthetize 
the rats, accompanied by sacrifice. Epididymises 
were obtained by trans-abdominal incision and 
minced to extract the epididymal fluid to evalu-
ate count, viability, motility and morphology of 
sperms. 

Epididymal fluid was collected from both cauda 
epididymides, which were cleared from other soft 
tissues and cut into pieces in a Petri dish contain-

ing one ml of physiological saline (0.9% w/v NaCl) 
and allowed to stay for 15 minutes at room tem-
perature to release all sperms into the saline to 
make semen sample (Aksu et al., 2015).

Sperm motility

A small drop of semen sample was poured into 
two droplets of Tris buffer solution which was kept 
on the slide and mixed on the pre-heated stage of 
the light microscope. To evaluate the percentage 
of sperm motility, three random fields were cho-
sen under 400x and the mean of three successive 
fields was considered as the final score (Sonmez 
et al., 2005). The percentages of progressively 
motile (sperms moving faster from one place to 
another), sluggishly motile (moving sperms at 
the same place) and non-motile (sperms with the 
absence of movement) spermatozoa were deter-
mined (Luthfi, 2015).

Sperm count

Sperm count was determined with a hemocy-
tometer (Bahmanzadeh et al., 2008). 

Abnormalities of spermatozoa

The semen-smeared slides were stained with 
eosin-nigrosin and studied under a light micro-
scope at a magnification of 400-1000x. 400 sper-
matozoa were assessed on each slide and abnor-
malities of spermatozoa were categorized into 
head, neck and tail defects and given in percent-
age (%) (Kesari and Behari, 2012).

Alive and dead spermatozoa

Previously stained slides intended for the eval-
uation of abnormal spermatozoa were used to de-
termine the percentage of live and dead sperm. 
The slides were examined under a light micro-
scope at 400x magnification and 200 spermato-
zoa were counted from each sample. They were 
listed as alive (unstained head) and dead (stained 
head) as per the eosin staining state of the sperm 
head (Aksu et al., 2015).

Statistical analysis

Differences between obtained values were com-
pared by one-way analysis of variance (ANOVA), 
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followed by a post hoc test (Tanhane/LSD). Krus-
kal Wallis test was applied for the continuous type 
of data, but not following normal distribution and 
Mann Whitney U test was used to identify the differ-
ence between the groups using JASP statistical soft-
ware (University of Amsterdam, Netherland). Val-
ues were represented as mean±SE and they were 
considered to be statistically significant at P < 0.05.

RESULTS

Epididymal sperm count 

Short-term 4G-EMR induced a significant re-
duction in the sperm count in R2 rats as com-
pared to control, sham and MOL-2 groups. Never-
theless, MOL extract inhibited the EMR-caused fall 
of sperm density in R2+MOL but not to the level 
seen in control, sham and MOL-2 groups (Fig. 1).

Motility pattern of sperm 

The R2 group had significantly (P<0.0001) lower 
and higher values concerning the sperm progres-

sive motility and non-motility rates than those in 
the control, sham, and MOL-2 groups. The MOL 
extract effectively restored these parameters 
from radiation in R2+MOL, when compared to R2 
group. About the percentage of sluggish sperm 
motility, no significant differences were seen be-
tween groups (Fig. 2).

Sperm viability

The percentages of alive and dead sperms in 
the R2 group were significantly lower (P<0.05) 
and higher than in control, sham, and MOL-2 
groups respectively. In comparison with the R2 
group, these parameters were kept at a normal 
level in R2+MOL but the rate of dead sperms was 
significantly lower than control and sham groups 
(Fig. 3).

Sperm morphology

Cell phone-EMR caused significantly more 
sperm head defects in R2 group as compared to 
the MOL-2 group only. But no statistically signifi-

Fig. 1.- Effect of ethanolic extract of MOL on epididymal sperm count in the 4G-mobile phone-induced-EMR exposed rats. Control 
group-not exposed to 4G-cell phone for two-months, sham group-exposed to 4G-cell phone in switch off mode for two-months 
(n=3), MOL-2 group-not irradiated and treated with ethanolic extract of MOL 200 mg/kg for two-months (n=6), R2 group-exposed 
to 4G-EMR for two-months (n=6) and R2+MOL group-treated with ethanolic extract of MOL 200 mg/kg during 4G-EMR exposure 
for two-months (n=6). Values are expressed as mean ± SE in each group. P values are by one-way ANOVA with LSD/Tanhane test.  
Different superscript letters show significant differences between groups (P<0.05). a- different from the control group; b- different 
from the sham group; c- different from the MOL-2 group; d- different from the R2 group.
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Fig. 2.- Effect of ethanolic extract of MOL on sperm motility pattern in the 4G-mobile phone-induced-EMR exposed rats. Control 
group-not exposed to 4G-cell phone for two-months, sham group-exposed to 4G-cell phone in switch off mode for two-months 
(n=3), MOL-2 group-not irradiated and treated with ethanolic extract of MOL 200 mg/kg for two-months (n=6), R2 group-exposed 
to 4G-EMR for two-months (n=6) and R2+MOL group-treated with ethanolic extract of MOL 200 mg/kg during 4G-EMR exposure 
for two-months (n=6). Values are expressed as mean ± SE in each group. P values are by one-way ANOVA with LSD/Tanhane test.  
Different superscript letters show significant differences between groups (P<0.05). a- different from the control group; b- different 
from the sham group; c- different from the MOL-2 group; d- different from the R2 group.

Fig. 2.- Effect of ethanolic extract of MOL on sperm motility pattern in the 4G-mobile phone-induced-EMR exposed rats. Control 
group-not exposed to 4G-cell phone for two-months, sham group-exposed to 4G-cell phone in switch off mode for two-months 
(n=3), MOL-2 group-not irradiated and treated with ethanolic extract of MOL 200 mg/kg for two-months (n=6), R2 group-exposed 
to 4G-EMR for two-months (n=6) and R2+MOL group-treated with ethanolic extract of MOL 200 mg/kg during 4G-EMR exposure 
for two-months (n=6). Values are expressed as mean ± SE in each group. P values are by one-way ANOVA with LSD/Tanhane test.  
Different superscript letters show significant differences between groups (P<0.05). a- different from the control group; b- different 
from the sham group; c- different from the MOL-2 group; d- different from the R2 group.
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cant change was observed in the sperm neck de-
fects among the groups. High-frequency radiation 
significantly elevated the percentage of sperm tail 
defects in R2 group as compared to the control, 
sham and MOL-2 groups. The simultaneous treat-
ment with MOL significantly protected the sperms 
from such defects in R2+MOL group from radia-
tion as compared to the R2 group (Fig. 4).

DISCUSSION
Depending on the power density of the EMR ap-

paratus and the distance from the apparatus, elec-
tromagnetic waves can pass through the tissues 
and promote the synthesis of ROS either directly 
or indirectly (Kesari et al., 2018). The metabol-
ic cycle of all living cells including spermatozoa 
produce ROS normally. However, when it builds 
up too much, the body’s own antioxidants help 
the cell to defend itself (Turk et al., 2008). The OS 
may be activated by such enhanced ROS produc-
tion, which could affect the functioning of sperm 
(Kesari et al., 2018). In this study, the 4G-cell-
phone-EMR significantly decreased the sperm 

count, progressive motility and viability rates but 
increased the sperm head and neck defects in the 
radiation group. On the other hand, the ethanolic 
extract of MOL nearly normalized all the affected 
values.

Intracellular molecules, notably polyunsaturat-
ed fatty acids and transmembrane proteins, are 
the main targets of ROS. In order to oxidize these 
molecules with the byproducts of peroxides, lip-
id aldehydes and alcohol, ROS combines sponta-
neously with them. Increased permeability results 
from this, and encourages the oxidative destruc-
tion of unsaturated fatty acids in cell membranes 
(Turk et al., 2008). This disruption can lead to ax-
onemal damage and decreased sperm viability, 
which may be the cause of the increased sperm 
mortality rate and decreased sperm count in the 
R2 group of this study (Turk et al., 2008; Kesari 
and Behari, 2012). Further, Gautam et al. (2019) 
concluded that 3G cell phone radiation on male 
Wistar rats’ testes could provoke the development 
of free radicals causing reduction in sperm count, 
changes in sperm membrane integrity.

Fig. 4.- Effect of ethanolic extract of MOL on sperm morphology in the 4G-mobile phone-induced-EMR exposed rats. Control group-
not exposed to 4G-cell phone for two-months, sham group-exposed to 4G-cell phone in switch off mode for two-months (n=3), MOL-
2 group-not irradiated and treated with ethanolic extract of MOL 200 mg/kg for two-months (n=6), R2 group-exposed to 4G-EMR for 
two-months (n=6) and R2+MOL group-treated with ethanolic extract of MOL 200 mg/kg during 4G-EMR exposure for two-months 
(n=6). Values are expressed as mean ± SE in each group. P values are by one-way ANOVA with LSD/Tanhane test. Different super-
script letters show significant differences between groups (P<0.05). a- different from the control group; b- different from the sham 
group; c- different from the MOL-1 group; d- different from the R2 group.
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The results of this study are supported by Sala-
ma et al. (2010) showed that 12 week-exposure to 
the GSM handset can result in a significantly low 
sperm count at the 8th week and more declined 
sperm motility after 10 weeks in the phone group. 
Similarly, Abd El Rahman et al. (2014) document-
ed 950 MHz for 2 months could provoke oxidative 
stress with a significant increase in the level of 
TBARS, advanced oxidation protein products and 
carbon monoxide associated with a significant 
decrease in activities of antioxidant enzymes and 
GSH content. He added that OS will be accompa-
nied by reproductive hormonal disturbances. 

Few studies documented that mobile phone 
duration for a longer period did not lead to male 
infertility. Lee et al. (2010) concluded that rats 
treated with RF-EMR of 848.5 MHz with 2.0 W/
kg SAR value for the period of 45 minutes twice a 
day with the interval of 15 minutes for 12 weeks 
could not produce harmful effects on male infer-
tility, because EMR did not alter the sperm counts, 
the testicular and epididymal concentration of 
MDA. He also reported that CDMA (SAR-2.0 W/kg) 
and WCDMA (SAR-2.0 W/kg) RF signals failed to 
produce changes in similar parameters (Lee et 
al., 2012). Similarly, Ribeiro et al. (2007) argued 
that rats exposed to RF-EMR emitted by a cellular 
phone using GSM at the frequency rate of 1835– 
1850 MHZ for 1 h/d for 11 weeks did not show 
alteration in testicular and epididymal weight 
and sperm count. The negative changes in the 
variables of the present study can be due to the 
high-frequency induced-EMR and longer dura-
tion of exposure/day.

The leaves of drumstick tree are an abundant 
source of natural antioxidants, as they contain 
polyphenols and flavonoids that safeguard or-
ganisms and cells from oxidative DNA damage in-
volved in aging, cancer and degenerative diseases 
(Nayak et al., 2016). In this research, the ethano-
lic extract of MOL recovered all parameters to a 
near-normal level in R2+MOL (as in the control 
group). The group with only MOL intervention 
showed significantly enhanced and decreased 
viability and abnormal morphology of sperms re-
spectively as compared to the control and sham 
groups; created negligible discrepancies in the 
remaining sperm variables.

The antioxidant potential of MOL-Phyto mol-
ecules was shown from OH-mediated oxidative 
damage in human serum albumin protein. It is 
claimed that phytomolecules of MOL like phenols 
and flavonoids may hunt free radicals or chelate 
transitional metal ions resulting in inhibition of 
Fenton-like reaction or transformation of radical to 
non-radical (Singh et al., 2009). The results of the 
present experiments in irradiated animals admin-
istered with MOL are in agreement with Nayak et 
al. (2015), who indicated that previous administra-
tion of MOL ethanolic extract could restore the de-
pletion of male gonadal function to normal levels 
in the case of cyclophosphamide chemotherapy. 
He continued that perhaps the MOL-phytochemi-
cals and secondary metabolites possess a marked 
ability to scavenge free radicals. Similar patterns 
have been shown by Zahran et al. (2015), who con-
clude that simultaneous administration of MOL ex-
tract performed a preventative role against testic-
ular harm caused by Equigan. It can significantly 
increase the sperm count, germ cell count, testic-
ular superoxide dismutase and total protein in the 
crypt orchid rats (Afolabi et al., 2013). Bin-Meferij 
and El-Kott (2015) provided evidence that 900 
MHz-EMR treatment can cause microscopic testic-
ular abnormalities with deteriorated spermatozoa 
in animals, and these effects can be reversed by 
administering 200 mg/kg of MOL aqueous extract 
concurrently with EMR; these findings are consis-
tent with the findings of the current investigation.

In conclusion, in this study, short-term exposure 
to 4G-mobile phone radiation caused a significant 
change in the sperm count and other sperm pa-
rameters. The ethanolic extract of MOL could save 
the variables from the harmful effects of 4G-EMR. 
Such protective ability of MOL could be due to an-
tioxidant activity of its phytochemicals. 
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SUMMARY
Among the measures instituted for the treatment 

of migraine, the greater occipital nerve (GON) block 
is described as being an effective, safe, easy to per-
form and useful technique for the treatment of this 
condition. However, the measures used to block the 
GON vary, and there is a lack of information data 
about the Brazilian population. Therefore, a mor-
phometric study was carried out on 22 identified 
cadavers, in which the distances were measured 
on both sides of the following anatomical points: 
EOP, MP, and GON with anatomical references of 
the nuchal ligament, Trapezius muscle aponeu-
rosis and MSEC perforation. ANOVA was used for 
statistical analysis, with Tukey post-hoc and Eta 
Square (η2) for effect size. Significance was adopt-
ed when p ≤ 0.05. The ANOVA found a significant 
effect of ethnicity regarding the distances in the 
GON measurements of the EOP on the line between 
the EOP and MP – Left antimere; subsequent uni-
variate analysis showed differences between white 
and oriental ethnicity (pTukey= 0.02); horizontal 

distance of the GON about the nuchal line – Right 
antimere; Subsequent univariate analysis showed 
differences between white and brown ethnicities 
(pTukey= 0.02); horizontal distance of the GON 
about the nuchal line – Left antimere. Subsequent 
univariate analyses showed differences between 
white and brown ethnicities (pTukey= 0.02). There 
are morphometric differences in some anatomical 
points used to block the GON when comparing the 
two antimeres, as well as in white, brown, and ori-
ental ethnicities.

Keywords: Migraine - Scalp anesthesia - Great-
er occipital nerve
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INTRODUCTION
The International Classification of Headache 

Disorders, third edition (ICHD-3; beta version) in 
2013 described migraine as a common and dis-
abling type of primary headache. Among the mea-
sures instituted for the treatment of migraine, 
the block of the greater occipital nerve (GON) is 
described as being an effective, safe, easy to per-
form, and useful technique for the treatment of 
this condition (Castillo-Álvarez et al., 2023; Chow-
dhury et al., 2021). The GON originates from fibers 
of the dorsal primary branch of the second cervi-
cal nerve and, to a lesser extent, from fibers of the 
third cervical nerve. The GON provides cutaneous 
innervation to most of the posterior scalp (Shin et 
al., 2018). Along its path, it is closely related to the 
rectus capitis posterior major and semispinatus 
capitis muscles. It becomes superficial at the level 
of the superior nuchal line medially to the occipi-
tal artery and follows together (Kwon et al., 2018), 
piercing the aponeurosis of the trapezius muscle 
to then emerge on the scalp (Choi and Jeon, 2016). 
According to Santos et al. (2017) and Stern et al. 
(2022), the location of the GON is based on draw-
ing an imaginary line between the occipital protu-
berance and the mastoid process, locating the exit 

of the nerve at the point that joins the medial third 
of this line with the two most lateral thirds (Fig. 1).

Uyar Türkyilmaz et al. (2018) described in their 
study that the treatment of occipital neuralgia 
with GON block appears to be a minimally inva-
sive, easy, and effective method. In their research, 
bilateral blockade of the GON was performed us-
ing a method based on anatomical landmarks, 
in which the GON is located approximately two-
thirds of the way along a line drawn from the cen-
ter of the mastoid process to the external occipital 
protuberance.

However, this method is challenging to obtain 
significant results due to the variations in distanc-
es and perforations that the GON may have during 
its anatomical course (Tubbs et al., 2014).

The external occipital protuberance (EOP), mas-
toid process (MP), and midline (ML) corresponding 
to the nuchal ligament are important topographic 
references for analgesia (Choi and Jeon, 2016; Si-
mon et al., 2023). Natsis et al. (2006) emphasized 
in their work that simple palpation of the occipital 
region as a method to anesthetize the GON is an in-
adequate way, as in their results important varia-
tions of the peripheral path of the GON were identi-

Fig. 1.- Representation of the EOP and MP anatomical points as well as the usual location of GON emergence in the subcutaneous 
tissue, according to Santos et al. (2017) and Stern et el. (2022).
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fied, including significant changes on the right and 
left sides of the neck of the same cadaver.

Therefore, the use of accurate anatomical param-
eters proves to be essential in the treatment of mi-
graines, as well as in scalp anesthesia. In this sense, 
in a scenario in which we have a lack of studies that 
analyzed identified Brazilian cadavers, this work 
seeks to analyze the path of the GON in different 
sexes and ethnicities to find possible correlations 
as well as anatomical variations and morphological 
disparities in the two antimeres, thus promoting a 
standard to be followed by clinicians working in 
the areas of anesthesiology and neurology.

MATERIALS AND METHODS
A morphometric study was carried out on 22 

identified corpses, 13 of which were female, 9 
were male, 17 were white, 3 were mixed-race, 
one was black and one was Asian, with no histo-
ry of trauma in the region studied. All cadavers 
were donated for study and scientific research to 
the descriptive and topographic human anatomy 
laboratory at the Federal University of São Pau-
lo (Brazil), the ages ranging between 39 and 88 
years with an average of 69 years. The study was 
submitted to the ethics and research committee 
of the Federal University of São Paulo, Brazil, and 
had its opinion approved under no. 6,062,607. 
The distances on both sides of the neck of the fol-
lowing anatomical points were measured using 

a Mitutoyo® 150 mm Digital Caliper – 150 mm 
capacity, 0.01 mm resolution, accuracy +/- 0.03 
mm: EOP, MP and GON with ML anatomical ref-
erences, point of perforation of the GON in the 
aponeurosis of the Trapezius muscle and point 
of perforation of the GON in the semispinalis ca-
pitis muscle (MSEC) (Fig. 2). Two main groups of 
measurements were carried out on both sides, 
right and left. In the first, the horizontal distance 
between the GON, at the point where it pierces 
the MSEC, and the LM was measured, taking the 
nuchal ligament as a reference. The vertical dis-
tance, parallel to the nuchal ligament, between 
the GON, at the point where it pierces the MSEC, 
and the EOP was also measured. In the second 
group, a line was drawn between the EOP and the 
MP, and the distance from the GON at the point 
where it pierces the trapezius aponeurosis in 
relation to the EOP was obtained. Data were tab-
ulated for descriptive and statistical analyses 
using Jamovi software (version 2.3). The descrip-
tive data for the categorical variables, age group, 
race, and gender, were described with frequency 
(%). Data on continuous variables of measured 
distances were described with mean ± standard 
deviation. The age variable was categorized into 
‘elderly and non- elderly’, according to the IBGE 
age classification – the Brazilian Institute of Ge-
ography and Statistics (2023), with ≤ 59 years old 
being considered ‘non-elderly’ and ≥ 60 years 
old ‘elderly’. A one-way ANOVA was used to ver-

Fig. 2.- Suboccipital region in dissected planes demonstrating the anatomical reference points for analyzing the appearance of the great-
er occipital nerve. A: in skull posterior view, external occipital protuberance in the upper marking and bilateral mastoid process in the 
lower markings. B: dissection at the superficial muscular level demonstrating the identification and measurement of the appearance of 
the greater occipital nerve. C-D: bilateral measurement between the appearances of the greater occipital nerves with standardization to 
the midline and external occipital.
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ify the effect of gender, ethnicity and age groups 
on the distance measurements taken as a basis 
in relation to the position of the GON. The Shap-
iro-Wilk and Levene tests were applied to test the 
requirements for normality and homogeneity 
respectively. The data presented normality and 
homogeneity, so no correction was necessary. 
Univariate 2 to 2 comparisons were made using 
Tukey’s post-hoc; and to report the magnitude 
of differences, the Cohen’s d effect size measure 
was used for post hoc and Eta Square (η2) for 
ANOVA. Significance levels were accepted when 
p ≤ 0.05.

RESULTS
Table 1 presents the descriptive data of the cate-

gorical variables: gender, age group and ethnicity. 
The values of the distances measured in relation 
to the anatomical points are described in Table 
2, with mean ± standard deviation and minimum 
and maximum values.

Table 1. Sample description.

Table 3. ANOVA distance and ethnicity.

The main results of the analysis of variance (ANO-
VA) are described in Table 3. ANOVA found a sig-
nificant difference in the categories of the ethnicity 
variable depending on the distances in the GON 
measurements from the EOP and the line between 
the EOP and MP – Left antimere F= ( 3.18) 4.92, 
p= 0.01, η²p= 0.45, subsequent univariate analy-
sis showed differences between white and brown 
ethnicities (pTukey =0.02); Horizontal Distance of 
the GON in relation to the ML – Right antimere F= 
(3.18) 4.16, p= 0.02, η²p= 0.40, subsequent univari-
ate analysis showed differences between white and 
oriental ethnicity (pTukey = 0.02); Horizontal Dis-
tance of the GON in relation to the ML – Left antim-
ere F= (3.18) 3.01, p=0.05, η²p= 0.33, subsequent 
univariate samples showed differences between 
white and brown ethnicities (pTukey =0.02). Two 
anatomical variations were found during the study: 
in one of the cases, the GON passed medially to the 
MSEC, without perforating it, and in the other case 
there was a double perforation of the MSEC (Fig. 4).

Figure 3 presents the confidence intervals of 
the univariate analysis showing the statistically 
significant differences between the groups. There 
are morphometric differences in some anatomi-
cal points used to block the GON when comparing 
the two antimeres, as well as in white, brown and 
oriental ethnicities.

Table 2. Distances from anatomical points.



Rubens M.M. da Silva et al.

427

DISCUSSION
This study aimed to analyze the morphological 

distribution of GON in the most superficial plane 
in the necks of identified Brazilian cadavers. In ad-
dition to this, statistical analysis was carried out to 
verify possible associations between the ethnicities, 
sex, and antimeres studied to generate a descrip-
tive, pattern-safe anatomical approach to GON.

According to Stern et al. (2022) and Pingree et 
al. (2017), there are several techniques for block-
ing the GON, generally with the patient sitting and 
facing away from the doctor. The block can occur 
based on distances of 1.5 to 2 cm lateral and 2 
to 3 cm inferior to the occipital protuberance, At 
a deeper level, the block can be performed at the 
C2 level, by ultrasonographic localization of the 
GON nerve over the inferior oblique muscle of 
the head. In both cases, it must be remembered 
that the occipital artery runs laterally to the GON. 
Therefore, it is advisable to perform aspiration 
before infusing the medication to avoid perfusing 
the anesthetic into the bloodstream.

Regarding the distances between GON and EOP, 
Guvençer et al. (2011) found a distance between 
the GON at the point where it pierces the semispi-
nalis capitis in relation to the EOP of 53.6 ± 5.0 
mm on the right and 53.3 ± 6.1 mm on the left, 
without differentiation between sexes. Mosser et 
al. (2002), in turn, described a distance of 29.1 ± 
7.8 mm on the right and 28.7 ± 6.6 mm on the left, 
without also differentiating genders. In our find-
ings, on the other hand, we found, on the right, a 
distance of 40.7 ± 8.37 in females and 47.6 ± 13.26 
in males and, on the left, 39.6 ± 9.91 in females 
and 43.1 ± 5.45 in males. Therefore, there are sig-
nificant differences in the distances of our sam-
ple, derived from Brazilian cadavers, in relation to 
those measured in cadavers of other nationalities 
in the aforementioned studies. It is worth men-
tioning that the point at which the nerve is mea-
sured finds its importance in the fact that the GON 
trunk anesthesia is performed in this location.

Huanmanop et al. (2021) reported that the num-
ber of specimens and ethnicity can influence the 

Fig. 4.- Suboccipital regions in dissected planes demonstrating the anatomical variations of the appearance of the greater occipital 
nerve. A: anatomical variation in which the nerve passes medial to the MSEC without piercing. B: anatomical variation with double 
perforation of the m. semispinalis capitis (plane of the MSEC). C: anatomical variation with double perforation of the MSEC (plane of 
the suboccipital triangle – point where the nerve passes below the inferior oblique capital muscle).

Fig. 3.- Confidence intervals of univariate analysis – Ethnicity.
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prevalence of different routes of the GON through-
out its course. These data are in line with ours, as 
we noticed significant differences in the emer-
gence pattern, and distances from pre-defined 
anatomical points for measurements, especially 
between white, brown, and Asian ethnicities, as 
there was a significant effect of ethnicity in terms 
of distances in measurements of the GON of the 
EOP and the line between the EOP and MP in the 
left antimere.

When we took the inter mastoid line as a refer-
ence, our data revealed that in none of the cases 
did the GON perforate the most superficial plane 
of the neck, below it, this finding is in line with 
the work of Loukas et al. (2006). The perforation 
point in the subcutaneous region, taking the apo-
neurosis of the trapezius muscle as a reference, 
was 44% (44.36 ± 4.52%) of the distance along the 
MD of the ipsilateral MP with an average vertical 
distance of about 18 mm (17.97 ± ± 5.80 mm) (Fig. 
2B). No statistically significant difference was 
found between sexes and sides.

Furthermore, it was demonstrated that the GON 
perforated the MSEC in 98%, a result similar to 
that of Huanmanop et al. (2021), where it was re-
ported that this perforation occurred in 95% of 
cases.

Finally, it should be mentioned that, in relation 
to the anatomical variations found in our work 
(Fig. 4), the non-perforation of the MSEC by the 
GON was also described by Bovin et al. (1990), in 
a case in which the GON evaded the muscle bilat-
erally and in two others where penetration was 
present on one side and absent on the other. In the 
work of Huanmanop et al. (2020), in 33% of cas-
es, the GON ran between the most medial fibers 
of the MSEC and the nuchal ligament, and, finally, 
in the work of Ducic et al. (2009), in 1.5% of cases, 
the GON ran medially to the MSEC.

The present study has some limitations. The 
first is that the measurements were carried out 
by a single researcher. We suggest that research-
ers who may want to repeat our method use two 
researchers to carry out the measurements. Sec-
ondly, 22 samples could be included in the study, 
because it was carried out with donated and iden-
tified cadavers. In this sense, we did not have ho-

mogeneity between the samples, especially in the 
ethnicities that were compared. We encourage 
that, in another opportunity, anatomists can re-
peat our method with equality between sexes and 
compared ethnicities.

Finally, we know that cadaveric tissues are es-
sential for the evolution of research into human 
tissues, as well as for human anatomy teachers 
around the world. We agree in all aspects with the 
manuscript by Iwanaga et al. (2020): “The results 
of this research can potentially increase human-
ity’s overall knowledge, which can then improve 
patient care. Therefore, these donors and their 
families deserve our utmost gratitude” .

Knowledge of the distribution of the GON and its 
trajectory, as well as its anatomical variations, is 
of great clinical importance, since the definition 
of accurate anatomical parameters for carrying 
out procedures involving the GON is essential. We 
observed that there is homogeneity in the distri-
bution of GON, with no significant differences in 
sex and laterality. Differences in the perforation 
patterns and path of the GON were observed in 
studies carried out in Asia, Central America, and 
Europe. In this sense, we need more studies in the 
Latin American continent to define whether the 
anatomical points commonly used in other conti-
nents can be reproduced with security in the Bra-
zilian population.
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bridge complex of adult humans

Ruth Esteban-Marín1,2, Yolanda García-Mesa2, Patricia Cuendias2, Olivia García-Suárez2, María A. 
Franco-Sierra3, Pablo Herrero3, Yolanda Marcén-Román1, José A. Vega2,4

1 Department of Human Anatomy and Histology, Faculty of Medicine, University of Zaragoza, IIS Aragón, Spain
2 Department of Morphology and Cell Biology, SINPOS Group, Faculty of Medicine, University of Oviedo, Spain
3 Department of Physiatry and Nursing, Faculty of Health Sciences, University of Zaragoza, IIS Aragón, Spain
4 Faculty of Health Sciences, Autonomous University of Chile, Providencia - Santiago, Chile

SUMMARY 
The myodural bridge complex (MDBC) consists 

of connective tissue bands connecting the spinal 
dura mater to the suboccipital muscles passing 
throughout the posterior atlanto-occipital and at-
lanto-axial spaces. It is a universal evolutionarily 
conserved anatomical structure present in most 
vertebrate species including humans. Its physiol-
ogy is unknown, but it is thought that it may be 
related to cerebrospinal fluid circulation. On the 
other hand, there is no information about the pos-
sible innervation of MDBC in humans. In the pres-
ent study, immunohistochemistry (S100 protein 
and neurofilament proteins) was used to study 
the innervation of MDBC in five specimens of 
adult human cadavers. In all cases, nerve profiles 
were observed forming isolated nerve fibers or 
small nerve bundles, sometimes associated with 
blood vessels. In one case (1/5), at the level of the 
junction of the MDBC with the posterior rectus capi-
tis minor muscle, complex capsulated formations 
containing a variable number of sensory nerve 
formations were found. We consider that such 
formations may be related to the proprioceptor 

system of the suboccipital muscles, but further 
studies are needed to determine their frequency, 
density and possible function.

Key words: Myodural bridge complex – Inner-
vation – Sensory nerve formations – Human 

INTRODUCTION
In 1995, Hack et al. described in human a dense 

bilateral band of connective tissue that connects 
the spinal dura mater to the suboccipital muscu-
lature (primarily the rectus capitis posterior minor 
muscle, but also the rectus capitis posterior major 
and obliquus capitis inferior muscles) and the liga-
mentum nuchae (LN), passing throughout the pos-
terior atlanto-occipital and atlanto-axial mem-
branes (see Humphreys et al., 2003). All together 
these structures are currently known as myodural 
bridge complex (MDBC) (Kahkeshani and Ward, 
2012; Scali et al., 2011, 2015, 2022; Pontell et al., 
2013; Zheng et al., 2020), regarded as an univer-
sal evolutionarily conserved anatomical structure 
present in different vertebrate species (Zheng et 
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al., 2017) including horses (McElroy et al., 2019), 
rats (Lai et al., 2021; Song et al., 2023), marine 
mammals (Liu et al., 2017, 2018; Zhang et al., 
2021), reptilians (Zhang et al., 2016; Huangfu et 
al., 2019; Grondel et al., 2022), and birds (Okoye et 
al., 2018; Dou et al., 2019; Chen et al., 2021).

After the description of Hack et al. (1995), nu-
merous studies have been conducted in humans 
to establish in detail the anatomy of MDBC (see 
Scali et al., 2015). Using imaging techniques, 
Humphreys et al. (2003) compared magnetic res-
onance with anatomical dissection images and 
reported that MDBC appeared as a small low sig-
nal intensity band on T1-weighted images. Later, 
Scali et al. (2013b) examined the anatomy of the 
posterior atlanto- axial space using T2-weighted 
MR imaging and identified MDBC as oblique hy-
pointense fibers (see for a review Sun et al., 2020). 
Structurally, MDBC consists of connective tissue 
containing vessels and very scarce nerves (Pontell 
et al., 2013; Scali et al., 2013a).

Functionally, MDBC is theorized to stabilize the 
dura mater during the extension of the head and 
neck, thus serving as dural tension monitors, pre-
venting compression of the dura mater during 
motion of the spinal column and infolding of the 
dura mater and disruption of the flow of cerebro-
spinal fluid (Hallgren et al., 1997; Pontell et al., 
2013; Enix et al., 2014; Chen et al., 2015; Sillevis 
and Hogg, 2020).

In this study, it is hypothesized that, in addi-
tion, MDBC are sources of proprioceptive inputs 
that regulate the contraction of the suboccipital 
muscles. These muscles are involved in head 
movements, but they also play important roles 
as joint stabilizers of the upper cervical spine 
or postural controllers (Hallgren et al., 2014a, 
b, 2017). Here, we have studied the presence of 
sensory nerve formations in MDBC using im-
munohistochemistry techniques. The purpose 
of the study is to contribute to the knowledge of 
the possible functions of MDBC in humans, and 
to demonstrate that they are sensory-innervated 
structures able to transmit stimuli, via afferent 
pathways, to the central nervous system related 
to the control of head stability.

MATERIAL AND METHODS

Tissues

Five formalin-fixed hemi-heads, corresponding 
to 5 different subjects, 3 males and 2 females, were 
obtained at the Área de Anatomía y Embriología 
Humana de la Universidad de Oviedo, Spain. 
These materials were obtained in accordance 
with Spanish legislation (RD 1301/2006; Law 
14/2007; RD 1716/2011; Order ECC/1404/2013). 
Thereafter, MDBC were identified (mobilizing the 
cephalo-cervical junctions and observing the ten-
sion of the connective bands arranged between 
the dura mater, the atlanto-occipital membrane, 
or the suboccipital muscles) and dissected (Fig. 
1). The pieces were washed in tap water for 24 
hours, then processed for routinely paraffin em-
bedding. The pieces were cut into10 µm sections, 
mounted on gelatin-coated microscope slides and 
processed for indirect immunohistochemistry 
using the peroxidase-antiperixidase method. To 
ascertain structural details, some sections were 
stained with hematoxylin & eosine.

Immunohistochemistry

Deparaffinized and rehydrated sections were 
processed for immunohistochemical detection of 
S100 protein (S100P) to label Schwann cells and 
terminal glial cells in sensory nerve formations 
and neurofilament proteins (NFP) which selec-
tively label the axons (see Vega et al., 2009; Cobo 
et al., 2021). The EnVision antibody complex de-
tection kit (Dako, Glostrup, Denmark) was used 
following the manufacturer’s instructions. Briefly, 
the endogenous peroxidase activity was inhibited 
(3% H2O2 for 15 minutes) and non-specific bind-
ing was blocked (10% bovine serum albumin for 
20 minutes). The sections were then incubated 
overnight at 4°C with primary antibodies against 
S100P (Dako; polyclonal raised in rabbit used di-
luted 1:5000) and against NFP (Dako; clone 2F11, 
monoclonal antibody raised in mouse, used di-
luted 1:100). After incubation with the primary 
antibodies, sections were washed in tris-phos-
phate buffered saline (PBS-T) for 15 minutes and 
incubated at room temperature with the corre-
sponding peroxidase-conjugated secondary an-
tibody for 90 minutes (Dako EnVision labeled 
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polymer-HRP anti-rabbit IgG or anti-mouse IgG). 
After washing in PBS-T, the immunoreaction was 
revealed with a solution of 3-3’ diaminobenzidine 
(Leica BondTM Polymer Refine Detection Kit, Lei-
ca BiosystemsTM). The sections were contrasted 
with hematoxylin, washed in water, dehydrated 
with alcohols of increasing concentration, diaph-
anized in xylol and mounted with Entellan®. Pro-
cessed slides were reviewed and photographed 
on a Nikon Eclipse® 80i light microscope coupled 
to a Nokia® DS-5M camera. For control purposes, 
some sections were processed in the same way 
described above but using mouse or rabbit serum 
instead of the primary antibody, or omitting incu-
bation with secondary antibodies, to obtain a neg-
ative immunoreaction (not shown). On the other 
hand, nerve trunks and fibers from the same sec-

tions served as positive internal controls for the 
antigens investigated (Vega et al., 2009).

RESULTS
MDBC in adult humans consist of bands of con-

nective tissue, between 1 and 3, extending from 
the upper segment of the spinal dura mater and 
the suboccipital muscles. The fibrous bands fol-
low an oblique direction, and between the fibril-
lary fascicles there are blood vessels and nerves 
of different calibers. Nerve profiles are isolated 
nerve fibers or small nerve bundles, and the in-
nervation density of MDBC can be regarded as 
low; on the other hand, within the thickness of the 
MDBC no differentiated structures identifiable as 
sensory nerve formations have been found.

Fig. 1.- Myodural bridge complexes (arrows) in all five specimens examined (a-e). 

Fig. 2.- Ovoidal structures (arrows) localized in the junction of one myodural bridge complexes with the rectus capitis posterior minor 
muscle. Scale bar = 50 µm.
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However, in one case (1/5), at the junction lev-
el of one band of connective tissue of the upper 
MDBC with the rectus capitis posterior minor muscle 
three ellipsoid formations with a well- developed 
capsule were observed (Fig. 2). The immunohis-
tochemical study revealed that these structures 
contain clusters of nerve structures, variably ar-
ranged and grouped in a common capsule, which 
were identified as sensory nerve formations. They 
consist of NFP positive axons and Schwann-relat-
ed or terminal glial cells (Fig. 3). These sensory 
nerve formations are immersed in an amorphous 
connective tissue, and in no case muscle fibers 
were found inside; therefore, it must be ruled out 
that they are muscle spindles.

DISCUSSION
Over the past years, the suboccipital region 

has received an increasing attention, since re-
search has revealed multiple soft-tissue connec-
tions extending from the suboccipital structures 
to the cervical dura mater through the posteri-
or intervertebral spaces; these formations were 
called MDBC (Kahkeshani and Ward, 2011; Scali 
et al., 2011, 2015; Pontell et al., 2013; Zheng et 
al., 2020). Different studies have concluded that 

MDBC serve as monitors of dural tension (Hall-
gren et al., 1997; Pontell et al., 2013; Enix et al., 
2014; Scali et al., 2013a, b; Chen et al., 2015; Sil-
levis and Hogg, 2020). Here, we hypothesized 
that MDBC are sources of proprioceptive inputs, 
and thus are involved in the regulation of cervi-
cal spine positioning and movements, which in 
turn inform the central nervous system about the 
tension of the spinal dura mater. To perform this 
function, MDBC must have a nervous system that, 
as far as we know, has never been investigated. 
Only Scali et al. (2013a) have reported the occur-
rence of nerves in 1/11 human specimen exam-
ined. Our findings about the presence of isolated 
nerve fibers and small nerves bundles in MDBC 
are in good agreement with those authors.

The most striking finding of the present research 
was the discovery of sensory nerve formations 
in one specimen of our small series (1/5). These 
structures are formed by a well- developed cap-
sule containing an amorphous tissue and, inside, 
groups of independent sensory nerve formations, 
of variable morphology. These nerve formations 
cannot be classified within the typical nerve for-
mations (see Cobo et al., 2021; Martín-Aguacil et 
al., 2022) but, presumably, they represent propi-

Fig. 3.- Serial sections (a and b; c and d) of the ovoidal structures localized in the junction of one myodural bridge complexes with 
the rectus capitis posterior minor muscle immunostained for the detection of S100P (g) and NFP (e, f). These formations contain sen-
sory nerve formations and isolated nerve fibers. Scale bar = 40 µm.
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oceptor organs, different from muscle spindles or 
tendon organs. Given the unexpectedness of the 
findings and the small sample analyzed, further 
studies are needed to deepen the study of the in-
nervation of MDBC and to draw definitive conclu-
sions regarding its function.
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Effects of chlorophytum borivilianum extract 
against high-fat diet-induced obesity in male 

Wistar albino rats
B. Ashwinidevi, Dr. S. Kavitha 
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SUMMARY
The effect of Chlorophytum borivilianum ex-

tract against high-fat-diet-induced obesity is 
unknown. Therefore, this study investigates ac-
tivity of 250 & 500 mg/kg/day of Chlorophytum 
borivilianum extract in male Wistar Albino rats, 
on parameters like weight gain, Follicle Stim-
ulating Hormone, Luteinizing hormone, and 
Testosterone. The objective is to determine the 
effects of Chlorophytum Borivilianum extract 
against high-fat-diet-induced obesity in male 
Wistar Albino rats. It is an interventional, com-
parative, animal study of 60 days, conducted at 
KMCH College of Pharmacy, Coimbatore. 20 male 
Wistar Albino rats were randomly divided into 5 
experimental groups with 6 rats per group. At the 
end of experimental period, all rats were fasted 
overnight, weighted, and sacrificed within 24 
hours by the mode of decapitation, and the blood 
was collected. Later, the organs were dissected 
out and fixed with formalin. The post-fixed tis-
sue, slides were stained. Ethics committee ap-
proval was obtained initially. Statistical analysis 
was done by SPSS software.

The Obese group showed an increase in body 
weight due to high-fat diet administration, where-
as the Treatment group receiving Chlorophytum 
borivilianum extract showed reduction in body 
fat and improvement in the semen analysis when 
compared to control group. When treated with 
Chlorophytum borivilianum, body weight as well 
as sperm function of the animals were signifi-
cantly improved mediated through enhanced 
spermatogenesis, steroid genesis, and antioxi-
dant mechanisms with histological studies. Thus, 
findings reinforce the advice recommending con-
sumption of Chlorophytum borivilianum extract 
to modulate obesity and sperm morphology.

Key words: Chlorophytum borivilianum – Wis-
tar albino rats – Obesity – Sperm morphology 

INTRODUCTION
In the present times, obesity and infertility are 

one of the gravest social complications. Obesity is 
a condition in which excessive fat accumulation 
triggers a disproportion in energy intake and
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expenditure due to alteration in healthy dietary 
habits (Williams et al., 2015). Less physical activ-
ity also causes various disorders like infertility, 
Diabetes mellitus, hypertension, and cardiovas-
cular problems. Infertility can also be caused by 

several factors such as genetic, environmental, 
bad habits like smoking, sedentary lifestyle lead-
ing to body hormonal and sexual disorders (Chris-
tensen, 1975).

Fig. 1.- Control group – shows normal architecture of liver, hepatocytes.

Fig. 2.- High-fat diet induce group – shows mild interface hepatitis with sinusoidal dilatation.
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Currently, no pharmacological treatments pro-
vide sustained weight loss without adverse effects. 
A variety of plant and their byproducts (extracts) 
are helpful to induce body weight reduction and 
also prevent diet-related obesity and infertility 
(Lohiya et al., 1994; Raji and Bolarinwa, 1997). 
However, a previous study has reported that reg-
ular intake of antioxidants and vitamins such as 
vitamins A, B, C, and E improves testicular blood 
barrier stability, and protects sperm DNA damage 
from endogenous oxidative stress resulting from 
the activities of highly reactive free radicals gen-
erated within the body (Raji et al., 2003).

The literature revealed that traditional med-
icine helps to nourish and stimulates the sexual 
tissues and ameliorates male reproductive health 
issues by various plant herb extracts such as Pa-
nax spp. (ginseng), Moringa oleifera and Lepidi-
um meyenii (Maca), which are reputed for their 
supposed aphrodisiac- and spermatogenesis-en-
hancing effects (Chauhan et al., 2014).

Chlorophytum borivilianum belongs to the fam-
ily ‘Liliaceae’ and the genus ‘Chlorophytum’. It has 
various properties like antitussive activity, osteo-
penia, anti-diabetic activity, immune-modulatory 
activity, antioxidant activity, anti-stress proper-

ty, anti-ulcer activity, anthelmintic activity, etc. 
(Sharma and Chandrul, 2017).

Recently, anti-obesity and antioxidant properties 
of the plant Chlorophytum borivilianum have been 
explored; and their relationship to the improve-
ment of infertility has to be explored (Kenyale et al., 
2008). The present study is conducted with the in-
tent to investigate the effects of Chlorophytum Bori-
vilianum extract against high-fat-diet-induced obe-
sity in male Wistar Albino rats for the parameters, 
body weight management and sperm morphology.

MATERIALS AND METHODS

Study design and population

It is an interventional, comparative animal 
study of 60 days, conducted at KMCH College of 
Pharmacy, Coimbatore. In the present study, a to-
tal of 20 male Winstar Albino rats were taken. 

The study was conducted in accordance with 
the recommendations from the declaration of the 
institutional animal ethical committee no. KM-
CRET/RERc/Ph.D/28/2021 under proper care and 
use of animals. 

Fig. 3.- High fat + Sildenafil citrate treated group shows mild sinusoidal dilatation.
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Group allocation

The animals were randomly assigned into five 
experimental groups with four rats per group:

• Group 1: Control/Normal group (n=4), healthy 
male Winstar Albino rats.

• Group 2: High-fat diet (HF) group (n=4), ani-
mals receiving high fat diet. 

• Group 3: High-Fat diet (HF) + Sildenafil citrate 
(SC), animals receiving standard drug, Silde-
nafil citrate (5mg/kg) for 28 days (n=4).

• Group 4: High-Fat diet (HF) + Chlorophytum 
borivilianum (CB), receiving low dose of CB 
(250mg/kg/day) for 28 days (n=4).

• Group 5: High-Fat diet (HF) + Chlorophytum 
borivilianum (CB), receiving high dose of CB 
(500 mg/kg/day) for 28 days (n=4).

At the end of the experimental period, all rats 
were fasted overnight, weighed, and sacrificed 
within 24 hours by the mode of decapitation, and 
the blood was collected through the retro-orbital 
puncture.

Plant material 

Dried roots of Chlorophytum borivilianum were 
procured from the Ayurvedic store online. The 
dried roots were cut into small pieces and then 
shaded and ground into fine powder. The root 
powder (1000 g) of the powdered sample was ex-
haustively extracted with ethanol. The solvent was 
then distilled off, to give the solid extract, which 
was stored at 4°C. The solid extract was then dis-
solved in normal saline and used for study pur-
poses.

Animal Model

Male Wistar Albino rats (250-440 g) obtained 
from the KMCH College of Pharmacy, Coimbatore, 
were used for the study. The rats were housed in 
wire mesh cages under standard temperatures 
of 25-29 °C, 12h light, and 12h darkness cycles. 
Animals were fed with a pelleted standard rat diet 
with proper water ad libitum. 

Histopathology studies 

The organs were dissected out and fixed with 
formalin. The post-fixed tissue was embedded 
with a serial section by using a rotary microtome 

Fig. 4.- High-Fat diet (HF) + Chlorophytum borivilianum (CB) low dose treated group shows mild dilatation hepatocytes look normal 
architecture.
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at 5 microns. The slides were stained with Hae-
matoxylin and Eosin.

Weight Measurement 

Animal Body Weight: Rat body weights were mea-
sured by using a digital Mettler weighing balance, 
and values obtained were recorded a day before 
the commencement of the experiment, and also 
during the treatment period, as well as at the last 
day of the experiment.

Organ weights: At the end of the experiment pe-
riod, each animal was sacrificed, at weekly inter-
vals of two, four, or twelve weeks respectively. Var-
ious parts of body organ tissues were removed, 
and weight was calculated and recorded.

Analysing Sperm motility, viability, counts, and 
morphology

After carefully separating the epididymis from 
the testes, the epididymis was minced in 0.1M 
phosphate buffer solution (1 mL). For obtaining 
the epididymal fluid, the minced tissues were 
swirled gently in the buffer solution for the proper 
diffusion of sperm cells. Sperm cell motility anal-
ysis, 10 µL of the epididymal fluid was charged 
into a Neubauer chamber and the total number of 

sperms was estimated. The number of sperms per 
cauda epididymis was calculated as follows: 

{Mean count x 50} ÷ {0.01 x 0.01}

Biochemical analysis

From each experimental animal, blood was ob-
tained by a retro-orbital puncture after anaesthe-
tization. Each blood sample was rotated at 2500 
rpm for 10 minutes in a centrifuge at 10-25 °C. 
Serum samples were assayed for testosterone us-
ing the enzyme-linked immunoassay (EIA) tech-
nique.

Statistical analysis

The statistical analysis was done by using SPSS 
software (21.0 version), the data is stated as 
Mean±SD in tabulated form. For data compari-
son, One way ANOVA, followed by Dunnett com-
parison, was performed. In all the cases p value 
≤0.001* is considered statistically significant.

Ethical approval

The ethical committee letter was obtained be-
fore the initiation of the study, (KMCRET/RERc/
Ph.D/28/2021).

Fig. 5.- (High-Fat diet (HF) + Chlorophytum borivilianum (CB) high dose treated group shows very minimal dilatation of sinusoidal 
space and restores the hepatocytes.
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RESULTS
In the Table showing body weight variations, 

where changes in control group rats and rats 
treated with ethanolic extracts of Chlorophytum 
borivilianum were noted, it was observed that, the 
Chlorophytum borivilianum extract did not show 
any significant effect on the body weights of rats 
treated for 1st week (Group-1 (Control)- 122±1.23, 
Group-2 (HF group)- 125±1.42, Group-3 (HF + SC 
group)- 119±1.67, Group-4 (HF + CB group, Low 
dose)- 126±1.74 & Group-5 (HF + CB group, High 
dose)- 124±1.33) and 3rd week (Group-1 (Con-
trol)- 150±2.09, Group-2 (HF group)- 174±2.24, 
Group-3 (HF + SC group)- 170±2.84, Group-4 (HF 
+ CB group, Low dose)- 174±3.11 & Group-5 (HF 
+ CB group, High dose)- 175±2.29), respectively. 

The body weight has decreased significantly 
in the groups treated for 4th and 6th weeks with 
Chlorophytum borivilianum extract (low and high 
doses) when compared to other groups. (Group-1 
(Control)- 172±2.12, Group-2 (HF group)- 
242±7.70, Group-3 (HF + SC group)- 207±5.79, 
Group-4 (HF + CB group, Low dose)- 212±11.03* & 
Group-5 (HF + CB group, High dose)- 208±8.47*).

However, normal body and organ weights were 
restored in rats, which were allowed for a recovery 
period of 6 weeks (Table 1).

In the table of reproductive organ weight, 
where, the effect of repeated daily oral treatments 
with 250-500mg/kg/day of CB ethanolic extract 
on the average testicular weight (TW), caudal ep-
ididymis, seminal vesicle and prostate gland of 
treated rats were done, it was observed that there 
was a significant increase in weight of reproduc-
tive organs, Testis (Group-1 (Control)- 2.75±0.07, 
Group-2 (HF group)- 2.27±0.08, Group-3 (HF + SC 
group)- 3.05±0.04, Group-4 (HF + CB group, Low 

dose)- 2.27±0.05 & Group-5 (HF + CB group, High 
dose)- 2.48±0.10*) and Seminal vesical (Group-1 
(Control)- 0.88±0.04, Group-2 (HF group)- 
0.83±0.03, Group-3 (HF + SC group)- 0.76±0.03, 
Group-4 (HF + CB group, Low dose)- 0.88±0.02 & 
Group-5 (HF + CB group, High dose)- 0.96±0.02*) 
when treated with Chlorophytum borivilianum 
extract (high dose). 

Whereas the weight of other reproductive or-
gans namely, Caudal epididymis and Prostate 
gland were not increased much and were found to 
be similar to the Standard drug weight (Sildenafil 
citrate (SC)) (Table 2).

In the table of biochemical assay, it can be 
clearly noticed that repeated treatments with 
Chlorophytum borivilianum extract (high dose) 
resulted in significant dose related increase in 
the circulating serum Follicle-stimulating hor-
mone (FSH), (Group-1 (Control)- 0.34±0.01, 
Group-2 (HF group)- 0.27±0.04, Group-3 (HF + SC 
group)- 0.29±0.04, Group-4 (HF + CB group, Low 
dose)- 0.27±0.07 & Group-5 (HF + CB group, High 
dose)- 0.36±0.03*), increase in the circulating se-
rum Luteinizing hormone (LH), (Group-1 (Con-
trol)- 0.11±0.32, Group-2 (HF group)- 0.14±0.01, 
Group-3 (HF + SC group)- 0.11±0.12, Group-4 (HF 
+ CB group, Low dose)- 0.12±0.17 & Group-5 (HF 
+ CB group, High dose)- 0.27±0.02*), as well as in-
crease in the Testosterone levels, (Group-1 (Con-
trol)- 0.31±5.71, Group-2 (HF group)- 64.1±4.73, 
Group-3 (HF + SC group)- 85.4±8.17, Group-4 (HF 
+ CB group, Low dose)- 102.0±4.23 & Group-5 (HF 
+ CB group, High dose)- 207±9.18*), when com-
pared to Group- 1 (control group) (Table 3).

In the table of sperm cell characteristics, in the 
group treated with Chlorophytum borivilianum 
extract (low and high dose), there was an increase 

Table 1. Body weight. Changes in control group rats and rats treated with ethanolic extracts of Chlorophytum borivilianum. All 
values are expressed in grams as mean ± SD.

Visiting days/weeks Group-1
(Control)

Group-2
(HF group)

Group-3
(HF + SC group)

Group-4
(HF + CB group, Low 
dose- 250 mg/kg/day)

Group-5
(HF + CB group, High 
dose- 500 mg/kg/day)

1st day (1st week) 122±1.23 125±1.42 119±1.67 126±1.74 124±1.33

21st day (3rd week) 150±2.09 174±2.24 170±2.84 174±3.11 175±2.29

42nd day (4th to 6th week) 172±2.12 242±7.70 207±5.79 212±11.03* 208±8.47*

HF- High fat, SC- Sildenafil citrate, CB- Chlorophytum borivilianum. p≤0.001* considered as statistically significant and is repre-
sented as *
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in the sperm count, (Group-1 (Control)- 77.4±0.39, 
Group-2 (HF group)- 41.6±0.68, Group-3 (HF + 
SC group)- 68.5±2.56, Group-4 (HF + CB group, 
Low dose)- 68.2±1.49 & Group-5 (HF + CB group, 
High dose)- 71.4±1.06*), increase in the motility 
(Group-1 (Control)- 80.3±0.65, Group-2 (HF group)- 
61.9±1.19, Group-3 (HF + SC group)- 72.2±2.12, 
Group-4 (HF + CB group, Low dose)- 69.4±2.56 & 

Group-5 (HF + CB group, High dose)- 80.7±1.05*), 
and also increase in the viability percentages, 
(Group-1 (Control)- 85.5±0.55, Group-2 (HF group)- 
61.8±4.64, Group-3 (HF + SC group)- 82.4±3.56, 
Group-4 (HF + CB group, Low dose)- 73.4±0.84 & 
Group-5 (HF + CB group, High dose)- 89.8±0.27*), 
when compared to Group-2 (HF group) and Group- 
3 (HF + SC group) significantly. 

Table 2. Reproductive organ weight. Effect of repeated daily oral treatments with 250-500mg/kg/day of CB ethanolic extract on the 
average testicular weight (TW), caudal epididymis, seminal vesicle and prostate gland of treated rats. All values are expressed in 
grams as mean ± SD.

Organs estimated for weight Group-1
(Control)

Group-2
(HF group)

Group-3
(HF + SC group)

Group-4
(HF + CB group, Low 
dose- 250 mg/kg/day)

Group-5
(HF + CB group, High 
dose- 500 mg/kg/day)

Testis 2.75±0.07 2.27±0.08 3.05±0.04 2.27±0.05 2.48±0.10*

Caudal epididymis 0.19±0.18 0.16±0.18 0.11±0.13 0.19±0.17 0.11±0.14

Seminal vesicle 0.88±0.04 0.83±0.03 0.76±0.03 0.88±0.02 0.96±0.02*

Prostate gland 1.04±0.04 1.24±0.30 1.04±0.11 0.94±0.08 1.02±0.09

HF- High fat, SC- Sildenafil citrate, CB- Chlorophytum borivilianum. p≤0.001* considered as statistically significant and is repre-
sented as *

Table 3. Biochemical assay. To estimate the serum biochemical analysis between the control and treatment groups. All values are 
expressed as mean ± SD.

Parameters Group-1
(Control)

Group-2
(HF group)

Group-3
(HF + SC group)

Group-4
(HF + CB group, Low 
dose- 250 mg/kg/day)

Group-5
(HF + CB group, High 
dose- 500 mg/kg/day)

Follicle-stimulating hormone 
(FSH) (mIU/mL) 0.34±0.01 0.27±0.04 0.29±0.04 0.27±0.07 0.36±0.03*

Luteinizing hormone (LH) 
(IU/L) 0.11±0.32 0.14±0.01 0.11±0.12 0.12±0.17 0.27±0.02*

Testosterone 
(ng/dL) 0.31±5.71 64.1±4.73 85.4±8.17 102.0±4.23 207±9.18*

HF- High fat, SC- Sildenafil citrate, CB- Chlorophytum borivilianum. p≤0.001* considered as statistically significant and is repre-
sented as *

Table 4. Sperm Cell characteristics. Effects of CB extracts on sperm characteristics in rats treated for 2 weeks and their recovery 
groups. Estimating, Motility (%), Viability (%), Sperm Counts (million/ml) and abnormality. All values are expressed as mean ± SD.

Study groups Sperm Count (x106/ mL) Motility (%) Viability (%) Abnormalities (%)

Group-1
(Control) 77.4±0.39 80.3±0.65 85.5±0.55 21±0.57

Group-2
(HF group) 41.6±0.68 61.9±1.19 61.8±4.64 38.5±0.45

Group-3
(HF + SC group) 68.5±2.56 72.2±2.12 82.4±3.56 27±1.57*

Group-4
(HF + CB group, Low dose- 
250 mg/kg/day)

68.2±1.49 69.4±2.56 73.4±0.84 30.5±0.60

Group-5
(HF + CB group, High dose- 
500 mg/kg/day)

71.4±1.06* 80.7±1.05* 89.8±0.27* 17.7±2.64*

HF- High fat, SC- Sildenafil citrate, CB- Chlorophytum borivilianum. p≤0.001* considered as statistically significant and is repre-
sented as *
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The abnormalities in the sperm cell characteris-
tics were minimal in the group treated with Chloro-
phytum borivilianum extract (high dose). (Group-1 
(Control)- 21±0.57, Group-2 (HF group)- 38.5±0.45, 
Group-3 (HF + SC group)- 27±1.57*, Group-4 (HF + 
CB group, Low dose)- 30.5±0.60 & Group-5 (HF + 
CB group, High dose)- 17.7±2.64*) (Table 4). 

In the table of biochemical assay, where the esti-
mation of testicular-reduced glutathione levels of 
SOD and catalase activities were done along with, 
GPX, GSH and LPO. 

In the testicular tissue SOD, (Group-1 (Con-
trol)- 0.14±0.01, Group-2 (HF group)- 0.12±0.011, 
Group-3 (HF + SC group)- 0.18±0.04, Group-4 (HF 
+ CB group, Low dose)- 0.16±0.36 & Group-5 (HF + 
CB group, High dose)- 0.20±0.22*), CAT (Group-1 
(Control)- 0.33±0.01, Group-2 (HF group)- 
0.89±0.80, Group-3 (HF + SC group)- 0.36±0.85, 
Group-4 (HF + CB group, Low dose)- 0.138±0.36 & 
Group-5 (HF + CB group, High dose)- 0.143±0.29*), 
and LPO activities (Group-1 (Control)- 0.76±0.01, 
Group-2 (HF group)- 0.51±0.61, Group-3 (HF + SC 
group)- 0.76±0.14, Group-4 (HF + CB group, Low 
dose)- 0.73±0.02 & Group-5 (HF + CB group, High 
dose)- 0.95±0.58*) were significantly increased, 
when treated with Chlorophytum borivilianum 
extract (high dose). 

In the testicular tissue GPX, (Group-1 (Con-
trol)- 0.39±0.06, Group-2 (HF group)- 0.22±0.23, 
Group-3 (HF + SC group)- 0.75±0.49, Group-4 (HF 
+ CB group, Low dose)- 0.21±0.07 & Group-5 (HF + 
CB group, High dose)- 0.13±0.91*), GSH (Group-1 
(Control)- 0.18±0.52, Group-2 (HF group)- 
0.32±0.63, Group-3 (HF + SC group)- 0.12±0.21, 
Group-4 (HF + CB group, Low dose)- 0.11±0.15 & 
Group-5 (HF + CB group, High dose)- 0.95±0.58*), 
activities were not increased (Table 5).

Figs 1-5 show a photomicrographic view of liver 
sections with H&E staining (100X) after 60 days 
treatment. HIGH FAT DIET induced tissues show 
histopathological alteration with the deposition of 
fats and interface hepatitis. Chlorophytum boriv-
ilianum (CB) High dose group) treated rats shows 
improvement in histopathology of the liver.

DISCUSSION
Obesity is recognized as a metabolic disease, 

with chronic effects probably due to various en-
vironmental as well as hereditary factors. In the 
recent years, obesity in human population caused 
innumerable health hazards, fertility being of 
one them (Hammoud et al., 2012). Further stud-
ies have specified that a high fat percentage (high 
BMI) is also related with significant reduction in 

Table 5. Biochemical assay. Estimation of Testicular SOD, Catalase, LPO and Glutathione levels activities. All values are expressed 
in grams as mean ± SD.

Parameters Group-1
(Control)

Group-2
(HF group)

Group-3
(HF + SC group)

Group-4
(HF + CB group, Low 
dose- 250 mg/kg/day)

Group-5
(HF + CB group, High 
dose- 500 mg/kg/day)

SOD
(unit/min/mg pro-
tein)

0.14±0.01 0.12±0.011 0.18±0.04 0.16±0.36 0.20±0.22*

CATALASE
(µmole of H2O2 
consumed/min/
mg protein)

0.33±0.01 0.89±0.80 0.36±0.85 0.138±0.36 0.143±0.29*

GPX
(µmole of gluta-
thione oxidized/
min/mg protein)

0.39±0.06 0.22±0.23 0.75±0.49 0.21±0.07 0.13±0.91*

GSH
(µmol/mg of pro-
tein)

0.18±0.52 0.32±0.63 0.12±0.21 0.11±0.15 0.10±0.13*

LPO
(µmol/mg
(of MDA nmol/gm)

0.76±0.01 0.51±0.61 0.76±0.14 0.73±0.02 0.95±0.58*

HF- High fat, SC- Sildenafil citrate, CB- Chlorophytum borivilianum. p≤0.001* considered as statistically significant and is repre-
sented as *
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sperm concentrations (Chavarro et al., 2010). 
Chlorophytum borivilianum (Safed Musli) is a 
highly valued Indian medicinal plant. This plant 
has been shown to possess anti-obesity, anti-
cancer, antimicrobial, antifungal, antiulcer, anti-
pyretic, antiarthritic and immunomodulatory ac-
tivities (Khanam et al., 2013). The present study 
demonstrates the effect of Chlorophytum borivil-
ianum extract against high-fat-diet-induced obe-
sity in male Wistar Albino rats.

It was observed that that the body weight of the 
experimental animals on high-fat diet has been 
decreased when treated with low (250 mg/kg/day) 
and high doses (500 mg/kg/day) of Chlorophytum 
borivilianum extract, in the 4th and 6th weeks of 
the study. The significant weight reduction sup-
ports the fact that Chlorophytum borivilianum 
extract, when given to obese rats on high-fat diet, 
is helpful in reducing the body fat level leading to-
wards normal body fat percentage (Giribabu et al., 
2014).

In our study of the effect of repeated daily oral 
treatments with 250-500 mg/kg/day of Chloro-
phytum borivilianum extract on reproductive or-
gan weight, it was observed that there was a sig-
nificant increase in weight of reproductive organs 
(Testis and Seminal vesical) when treated with 
Chlorophytum borivilianum extract (high dose- 
500 mg/kg/day) (Thakur and Dixit, 2006).

When the biochemical assay was conducted to 
estimate the serum biochemical analysis on ex-
perimental animals having repeated treatments 
with Chlorophytum borivilianum extract (high 
dose-500 mg/kg/day), it resulted in significant 
dose-related increase in the circulating serum 
Follicle-stimulating hormone (FSH), Luteinizing 
hormone (LH) as well as increase in the Testoster-
one levels (Kenjale et al., 2008).

The sperm cell characteristics were studied ex-
tensively with Chlorophytum borivilianum extract. 
It was demonstrated that low (250 mg/kg/day) and 
high doses (500 mg/kg/day) of Chlorophytum bori-
vilianum extract significantly increased sperm 
count, motility and viability (Das et al., 2016). The 
abnormalities in the sperm cell characteristics 
were also found to be minimal with Chlorophytum 
borivilianum extract (Jia et al., 2018).

The estimation of Testicular SOD, Catalase, LPO 
and Glutathione Levels activities were carried out, 
resulting in increase in SOD, CAT and LPO levels 
(Vyas et al., 2022) and decrease in Glutathione lev-
els (Pasqualotto et al., 2008; Liu et al., 2014) when 
treated with Chlorophytum borivilianum extract.

CONCLUSION
Chlorophytum borivilianum extract (Low dose- 

250 mg/kg/day and High dose- 500 mg/kg/day) 
given to male Winstar Albino rats on high-fat diet 
for 60 days significantly improved sperm function 
like sperm motility, count, viability, and morphol-
ogy, mediated via increased spermatogenesis, 
steroidogenesis, and biochemical and antioxidant 
mechanisms. This present study obtained results 
reinforce the advice recommending consump-
tion of this plant product to modulate obesity and 
sperm morphology.
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SUMMARY
The aim was to determine the variations in 

shape of the human hyoid bone in terms of sym-
metry, isometry and anisomorphism. These pa-
rameters are useful for surgeons and/or forensic 
anthropologists. Sixty-two human hyoid bones 
(31 male and 31 female) belonging to the Instituto 
Anatómico Forense (I.A.F.) of Madrid (Spain) were 
dissected. The data collected were analysed using 
the chi-square test.

The specimens were classified into five differ-
ent patterns: U-shaped (16.7%), open (47.6%), 
triangular (9.5%), horseshoe-shaped (7.1%) and 

trapezoidal (19%). Types were distinguished ac-
cording to the different shapes of the two halves 
(isomorphic 67.7% and anisomorphic 32.3%), 
the length of the greater horn (isometric 37% and 
anisometric 63%), and the transverse distances 
between the horns (symmetry 24.2% and asym-
metry 75.8%). A thorough understanding of these 
anatomical variations could be useful for clini-
cians and forensics in interpreting the morphol-
ogy of the hyoid bone.
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INTRODUCTION
The hyoid is a U-shaped bone located in the ven-

tral aspect of the neck around the C4 level, ranging 
topographically from C3 to C5/6 (Standring, 2008; 
Mirjalili, 2010). It is located between the root of 
tongue and the thyroid cartilage (Mukhopadhyay, 
2010). Some classical anatomy textbooks have 
described the hyoid bone as symmetric, horse-
shoe-shaped or U-shaped (Tubbs et al., 2016). 
Nonetheless, a universally accepted morphologi-
cal classification for this bone has proven elusive, 
leading to diverse categorizations in the literature 
consulted (Leksan et al., 2005).

Despite the absence of such a classification, 
some authors have attempted to classify the hyoid 
bone according to its shape (Koebke et al., 1979; 
Papadopoulos et al., 1989; Pollanen and Chiasson, 
1996; Pollanen and Ubelaker, 1997), while others 
have used precise measurements of the different 
parts of the bone, with numerical values serving 
as the main parameter for classification (Miller 
et al., 1988). These differing methodologies em-
ployed reflect the ongoing quest to understand 
the hyoid bone’s morphology.

Furthermore, the anatomical variations of this 
bone structure have become even more signifi-
cant due to the emergence of advanced imaging 
technologies in recent times.

In view of the abovementioned differences in 
the literature, the aim of our work was to assess 
the variations in the shape of the hyoid, and to 
compare the frequencies of certain morphologi-
cal characteristics in our sample with those in the 
literature.

MATERIALS AND METHODS
A total of 62 human hyoids from autopsied 

corpses belonging to the Instituto Anatómico 
Forense (I.A.F.) de Madrid, Spain, were dissected 
(31 males and 31 females, ranging from 19 to 91 
years of age, mean male 63.5, mean female 72.3 
years). Written informed consent was obtained by 
those donating their bodies to science as required 
by the scientific institution.

During the dissection, a midline incision was 
made on the neck from a median point 15 mm 

below the chin (mentum) to the incisura jugularis. 
The suprahyoid and infrahyoid muscles were dis-
sected and reflected, exposing the front part of 
the larynx. Subsequently, the hyoid together with 
the larynx were excised en bloc, removing the su-
pra- and infra-hyoid muscles, pharynx, trachea, 
oesophagus, and thyroid gland.

Hyoids were fixed in 10% formalin. After remov-
al, the infrahyoid and inferior constrictor mus-
cles, ligaments, membranes, and neurovascular 
structures were microdissected under a surgical 
Zeiss-OPM1 microscope at original magnification 
X4 to X6. Consecutively, the bones were cleaned, 
first by mechanical dissection and then by macer-
ation for 10 days in 5% sodium hypochlorite (di-
luted to 50%). Finally, the hyoids were bleached 
by exposure to sunlight, with or without prior im-
mersion in 110-volume hydrogen peroxide, or by 
3% ammonium hydroxide.

The hyoid shapes were classified and inde-
pendently verified by two experienced anatomists. 
The chi-square test was used for statistical analy-
sis; p<0.05 was considered statistically significant.

Following the identification of patterns and sta-
tistical analysis, the results were compared with 
previously published studies. This led to a new 
classification system with special reference to 
clinical practice and usability.

RESULTS
The morphology of the hyoid bone could be clas-

sified into five basic patterns. We assigned differ-
ent names based on the approximate appearanc-
es of the forms as drawn (Fig. 1).

Patterns of the hyoid bone

1) U- shape: The anterior contour of the bone is 
semicircular, and its diameter coincides with 
the distance between the greater horns. The 
greater horns follow a straight or oblique line 
in an antero-posterior direction with the form 
of the letter U. The U-like shape was found in 
7/42 (16.7%) of our isomorphic hyoids sample 
(Table 1) (Figure 1A).

1) Open: This has common characteristics with 
the U-like shape, but the greater horns follow a 



L. Hernández et al.

449

medial-lateral oblique direction, diverging from 
each other to create an open form. The open 
shape was the most frequent in our isomorphic 
hyoids sample (20/42, 47.6%) (Table 1) (Fig. 1B).

2) Triangular: As its name indicates, this is tri-
angular, its sides being the major horns and 
its base the largest transverse distance be-
tween them. The triangular shape was found 
in 4/42, 9.5% of our isomorphic hyoids sam-
ple (Table 1) (Fig. 1C).

3) Horseshoe-shape: The distal-posterior ends 
of both greater horns are closer together than 
in the U-shape, so the contour of the bone is 
more curved and closed. The horseshoe shape 
was less common in our isomorphic hyoids 
sample (3/42, 7.1%) (Table 1) (Fig. 1D).

4) Trapezoidal: As its name indicates, the ven-
tral contour of the hyoid viewed from a cra-
nio-caudal perspective resembles this sample 
(8/42, 19%) (Table 1) (Fig. 1E).

Types of the hyoid bone

During this classification of the hyoid, it was ob-
served that the morphological characteristics are 
not always the same on both sides; the two sides of 
the same bone could be distinct. We have used the 
term “type” to refer to the following variations to 
clarify this new classification:
1) Types based on the different shapes or pat-

terns of the two halves (isomorphy). This 
could be split into:
a) Isomorphic, when the two halves follow 

the same pattern; this was the most fre-
quent type (42/62, 67.7% of the total cas-
es) (Table 2) (Fig. 2A).

b) Anisomorphic, when the halves follow dif-
ferent patterns (20/62, 32.3%) (Table 2) 
(Fig. 2B).

2) Types based on the length of greater horn (isom-
etry). The following could be distinguished:
a) Isometric hyoid, when the tips of both 

greater cornua fell on the same horizontal 
line (23/62, 37%) (Table 3) (Fig. 2 A).

Fig. 1.- Basic morphological patterns based on the shape of the whole hyoid bone. This image shows 5 different patterns: A (U 
shape), B (Open), C (Triangular), D (Horseshoe shape) and E (Trapezoidal).

Table 1. Incidence of different patterns of the hyoid bones (U shape, open, triangular, horseshoe and trapezoidal) in males and 
females among isomorphic hyoids. Nº: number of hyoid bones.

SEX U shape
Nº        %

Open
Nº      %

Triangular
Nº       %

Horseshoe
Nº       %

Trapezoidal
Nº       %

MALE 2        4,8 11   26,2 1      2,4 2      4,7 7      16,7

FEMALE 5       11,9 9     21,4 3      7,1 1      2,4 1      2,3

TOTAL 7      16,7% 20   47,6% 4     9,5% 3      7,1% 8      19%

Table 2. Incidence of types based on the different shapes of the two halves, distinguishing isomorphic and anisomorphic hyoid bones. 

SEX ISOMORPHIC
Nº    %

ANISOMORPHIC
Nº   %

TOTAL
N      %

MALE 23   37.1 (74,2) 8     12,9 (25,8) 31    50

FEMALE 19   30.6 (61,3) 12     19,4 (38,7) 31    50

TOTAL 42   67,7% 20     32,3 62   100
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b) Anisometric hyoid, when the tips of both 
greater cornua did not coincide on the 
same axis; this was the most frequent 
type (39/62, 63% of the total cases) (Table 
3) (Fig. 2 B).

3) Types based on the transverse distances be-
tween the greater horns (symmetry):

a) Symmetric, when the middles of all the 
transverse diameters fell on the sagittal 
axis (15/62, 24.2%) (Table 4) (Fig. 3A).

b) Asymmetric, when the middles of all the 
transverse diameters did not fall on the 
sagittal axis; this was the most frequent 
type (47/62, 75.8% of the total cases) (Ta-
ble 4) (Fig. 3B).

According to this classification, the most common 
hyoid bone morphology in our sample was isomor-
phic, asymmetric, and anisometric (32.25%). Con-
sidering these three characteristics, only 14.52% of 
our sample were simultaneously isomorphic, iso-

Fig. 2.- Hyoid types based on the morphology of the two halves and the different lengths of the greater horn. According to the morphol-
ogy of the two halves, the hyoid bone could be divided into isomorphic (A) and anisomorphic (B). Fig. 2B corresponds to a right Horse-
shoe shape and left U shape. According to the different lengths of the greater horn of the hyoid bone, it could be divided into isometric 
(A) and anisometric (B). The lines show the similar (A) or different lengths (B). Fig. 2A corresponds to the hyoid bone of the fig. 1A.

Table 3. Incidence of types based on the length of greater horn, distinguishing isometric and anisometric hyoid bones. 

SEX ISOMETRIC
Nº      %

ANISOMETRIC
Nº     %

TOTAL
Nº    %

MALE 9      14,5 (29) 22     35,5 (71) 31    50

FEMALE 14      22,5 (45,2) 17     27,5 (54,8) 31    50

TOTAL 23      37 39     63 62   100

Table 4. Incidence of types based on the transverse distances between the greater horns, distinguishing symmetric and asymmet-
ric hyoid bones. 

SEX SYMMETRIC
Nº          %

ASYMMETRIC
Nº        %

TOTAL
Nº    %

MALE 8           12,9 (25,8) 23     37,1 (74,2) 31    50

FEMALE 7           11,3 (22,6) 24      38,7 (77,4) 31    50

TOTAL 15             24,2 47      75,8 62   100
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metric, and symmetric. Therefore, one side of the 
hyoid bone differed from the other in at least one 
characteristic in most of our sample (85.48%).

DISCUSSION
For clarity, we have divided the discussion in the 

same sections as the results (patterns of the hy-
oid bone, and types of the hyoid bone divided into 
three characteristics).

Patterns of the hyoid bone

Our results are quite like those of Papadopoulos 
et al. in relation to the U-shape (16.7% and 18.4% 
respectively), but there is no coincidence in the 
open shape (47.6% and 26.3%, respectively), 
which is the most frequent pattern in our series, 
as in the other authors presented in Table 5 (Pap-
adopoulos et al., 1989).

Also, the frequency of the horseshoe shape in 
our sample (7.1%) does not coincide with that of 
Papadopoulos et al. (1989) (21.1%).

The frequency of the trapezoidal shape is the 
same in the Stosić-Domnić et al. (1973) series 
(19%) and ours (19%). This morphological type 
has not been described by other authors in the lit-
erature consulted, apart from Stosić-Domnić et al. 
(1973) (Table 5).

Most of articles do not specify the type of popu-
lation used in their studies, but only the country to 
which the study belongs. This lack of information 
results in a huge variability in the populations 
studied across the different countries, as shown 
in Table 5. Therefore, it is difficult to compare the 
results of the present studies in terms of popula-
tion (Table 5) (Stosić-Domnić et al., 1973; Koebke 
et al., 1979; Papadopoulos et al., 1989; Pollanen 
and Ubelaker, 1997).

Table 5. Comparison of present work with previous studies regarding the pattern or shape of the hyoid bones. 

PATTERN OR 
SHAPE

Stosić-Domnić et 
al. 1973

Koebke and Saternus, 
1979

Papadopoulos et al. 
1989

Pollanen and 
Ubelaker 1997

Present work, 
2022

Population Croatia Germany Greece United States Spain 

U shape 30.5% 35% 18.4% 55% 16,7%

Open 50.5% 41% 26.3% 45% 47,6%

Triangular --- --- 5.3%. --- 9,5%

Horseshoe --- 13% 21,1% --- 7,1%

Trapezoidal 19% --- --- --- 19,0%

Fig. 3.- Hyoid types based on the distances between the greater horns of the two halves of the hyoid bone. It could be divided into 
symmetric (A) and asymmetric (B). In the asymmetric hyoid (Fig. 3B) the numbers 1 and 2 represent the different transverse dis-
tances, 1 longer than 2. Fig. 3A corresponds to the hyoid bone of the fig. 1A.
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Types of the hyoid bone

1) Types distinguished by the shapes or patterns 
of the two halves (isomorphic and anisomorphic):

Our anisomorphic hyoid was found in 32.3% 
(12.9% in males and 19.4% in females), compara-
ble with the D-type of Papadopoulos et al. (1989) 
(28.3%), or to the asymmetrical type of Koebke 
and Saternus (1979) (11%). Although anisomor-
phic hyoids are more frequent (32.3%) in our 
sample than in the works of Papadopoulos et al. 
and Koebke and Saternus, we agree with Koebke 
and Saternus (1979) that the combination of open 
shape and U-shape (defined as B and U types) was 
the most frequent mixed form.

2) Types based on the length of greater horn 
(isometry): 

Morphological anisometry was not mentioned in 
the literature until the study by Papadopoulos et al. 
(1989), which showed that 59.3% of the hyoids were 
anisometric (26.3% male, 23% female). In our total 
sample, anisometry (62.9%) predominated over 
isometry, as Papadopoulos et al. found in 1989.

In the work of Papadopoulos et al. (1989), the 
χ² test showed no significant sex difference in 
anisometry (52.6% male and 47.4% female) (P > 
0.1), the distribution being similar. In our sample, 
there were more anisometric (71%) than isomet-
ric (29%) hyoids in males, while the proportions 
were more nearly equal in females. In the total of 
isometric hyoids, the females had the highest fre-
quency (60.9%). In the work of Papadopoulos et 
al. (1989), the percentages of anisometric hyoids 
were closely similar in males and females; in our 
study, there was a higher percentage of anisome-
try in males, and similar percentages of isometry 
and anisometry in females. However, as in Papa-
dopoulos et al., analysis of the relevant percent-
age difference (Fisher’s exact statistic) could not 
establish sexual dimorphism in relation to the 
morphological trait anisometry. In terms of clin-
ical significance, our data concerning hyoid types 
based on the length of the greater horn (isometry 
or anisometry) could be related to the clicking lar-
ynx, which could be caused by an enlarged great-
er horn of the hyoid bone (hyoid syndrome) (Heu-
eveling et al., 2018).

3) Types based on the transverse distances 
between the greater horns (symmetry):

Although in some classical treatises on Human 
Anatomy (Testut, 1986; Paturet, 1951; Bouchet 
and Cuilleret, 1979) the hyoid is described as a 
symmetrical bone, Papadopoulos et al. (1989) 
found asymmetry in 47.4% of cases (26.3% in 
males and 21.1% in females). In his work, the 
χ² test showed no significant sex difference in 
asymmetry; 52.6% of male and 42.1% of female 
bones were asymmetric (P > 0.1). However, in 
our study, asymmetrical hyoids predominated 
(75.8%: 37.1% male and 38.7% female). Asymme-
try predominated both in males (74.2%) and, with 
a slightly higher percentage, in females (77.4%). 
In the asymmetrical hyoids there was no clear sex 
predominance (48.9% were male and the remain-
ing 51.1% female).

According to the relevant analysis of the per-
centage difference, there was no dimorphism in 
relation to the morphological trait asymmetry.

Pollanen and Chiasson (1996) mentioned that 
one anatomical feature that could be relevant in 
assessing hyoid fractures in cases of strangula-
tion is the asymmetry of the greater horns, since 
asymmetric hyoids could be more susceptible to 
fracture if the compressive forces are distribut-
ed preferentially over one horn. Kasprzak et al. 
(1993) found by interferometric analysis of the 
hyoid under tension that asymmetry could be im-
portant in the site of fracturing: the deformation 
forces inferred from this method were not uni-
formly distributed over the hyoid. From a clini-
cal point of view, this hyoid asymmetry could be 
related to asymmetry in the functional activity of 
the muscles that insert into it and therefore re-
lated to activities such as articulation of sounds, 
swallowing or mastication (Urbanová et al., 2014; 
Hong et al., 2017).

Ethical approval details

The individuals had given their written informed con-
sent for their use for scientific purpose prior to death. 
According to National Law, scientific institutions (in 
general Institutes, Departments or Divisions of Medical 
Universities) are entitled to receive the body after death 
mainly by means of a specific legacy, which is a special 
form of last will and testament. No bequests are accept-
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SUMMARY
Characterizing Extracellular Vesicles (EVs) 

poses a challenge due to their complex compo-
sition and small size. Efforts to visualize fluo-
rescently labeled EVs post-isolation with confo-
cal microscopy encounter a significant obstacle 
in congregating the isolates on slides. While 
cytospin is a well-established method for cells, 
its application with EVs remains unexplored. 
This study aimed to isolate EVs and evaluate the 
efficiency of cytospin preparation to enhance 
their visualization using confocal microscopy.  
Following informed consent, cartilage shav-
ings from a non-diseased human tibiofemoral 
joint were digested to obtain cartilage-resident 
chondroprogenitors through a migratory-assay 
(MCP). The MCPs were characterized for MSC 
markers (positive: CD105, CD73, CD90; neg-
ative: HLA-DR, CD34, CD45) using FACS. The 
conditioned medium was utilized to isolate EVs 
using the cutoff filter and precipitation tech-

nique, and their confirmation for transmem-
brane markers CD63 and CD81 was performed 
via FACS. Subsequently, the isolated EVs were 
subjected to confocal microscopy with and 
without (control) cytospin preparation.

The MCPs exhibited high expression of posi-
tive and low expression of negative MSC mark-
ers. The study effectively employed cytospin 
centrifugation and confocal imaging to robustly 
identify EVs isolated from MCPs. Fluorescently 
labeled with CD63 and CD81 markers, the EVs 
isolated using cytospin centrifugation were 
concentrated on glass slides, and compared to 
control slides; the experimental setup facilitat-
ed a 100 times concentration of EVs, thereby 
enabling easy identification. Confocal analysis 
confirmed positive expressions of CD63 and 
CD81, aligning with FACS results.  This study 
introduces a novel approach that enhances the 
visualization of MCP-derived EVs using cytospin 
centrifugation.
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INTRODUCTION
In the past decade, research on Extracellular 

Vesicles (EVs) has significantly grown, leading to 
the development of robust techniques for assess-
ing their physical and functional characteristics 
(Vlassov et al., 2012). EVs constitute a diverse cat-
egory of vesicles released by cells through various 
biogenesis pathways, which include exosomes, 
microvesicles, and apoptotic bodies (Zhang et 
al., 2020). Exosomes are formed as intraluminal 
vesicles within multivesicular bodies and are 
subsequently discharged upon fusion with the 
cell’s plasma membrane, typically measuring 30 
to 200 nm in size. In contrast, microvesicles tend 
to be larger, with dimensions ranging from ap-
proximately 150 to 1000 nm. They are generat-
ed through a ‘budding’ process directly from the 
cell’s plasma membrane, encapsulating cytoso-
lic content. The largest among these vesicles are 
apoptotic bodies, which develop when a cell un-
dergoes apoptosis.

Characterizing EVs is challenging due to their 
intricate composition and extremely small size. 
Utilizing advanced techniques such as electron mi-
croscopy and atomic force microscopy aids in their 
visualization and analysis (Morales-Castresana et 
al., 2017; Salmond et al., 2021). Nevertheless, the 
complexity of these methods hinders their prac-
tical application, emphasizing the need for the 
development of straightforward protocols for EV 
visualization. Recent studies demonstrate the use 
of fluorescent detection of EVs with lipophilic dyes 
(e.g., C5-Maleimide-Alexa633 or PKH26) and also 
labeling cell membranes/surface tetraspanin pro-
teins (e.g., CD63, CD9, CD81) using fluorophores, 
each having its individual advantages and disad-
vantages (Grange et al., 2014; Jankovicova et al., 
2020). While attempts have been made to identify 
fluorescently labeled EVs using confocal microsco-
py, a significant challenge remains in identifying 
the location of the isolated EVs from the suspen-
sion placed for microscopic evaluation. 

In recent times, there have been important ad-
vancements in treating osteoarthritis using mes-

enchymal stem cells and cartilage resident cells 
such as chondrocytes and chondroprogenitors 
(Pelaez et al., 2021). Nevertheless, this approach 
has several challenges, including donor site mor-
bidity, immunogenic response, inconsistent re-
generation after treatment, and issues in main-
taining the quality of large-scale cell production. 
To address these limitations, scientists have ex-
plored the use of Extracellular Vesicles as alterna-
tives for regenerating cartilage tissue, primarily 
through the use of exosomes, which offer advan-
tages of increased stability and reduced suscepti-
bility to external influences (Liu et al., 2019; Wu et 
al., 2022). Furthermore, research has shown that 
exosomes can mitigate disease progression, pro-
viding a promising avenue for osteoarthritis man-
agement (Ni et al., 2020). 

Since the field is still in its early stages of devel-
opment, many of these EV labeling methods need 
further refinement to suit each experimental situ-
ation. This study aimed to isolate EVs from migra-
tory chondroprogenitors (MCP), a recent subset 
reported to exhibit superior potential for cartilage 
repair (Vinod et al., 2020; 2021), and to fluores-
cently label the EVs using well-characterized EV 
markers CD81 and CD63. The study incorporated 
cytospin, a technique that employs centrifugal 
force to concentrate the isolate from a dilute cell 
suspension onto a circular area on a slide (Koh, 
2013). In this study, we demonstrate that the cy-
tospin method can be used to concentrate EVs. 
Combining this technique with confocal imaging 
provides a simple and robust method for effi-
ciently identifying EVs. 

MATERIALS AND METHODS 

Sample procurement, cellular isolation of mi-
gratory chondroprogenitors and phenotypic 
characterization

Following Institutional Review Board clearance, 
the study was conducted in accordance with the 
stipulated guidelines set by the Ethics Committee. 
Human femorotibial joint samples were procured 
from a non-diseased knee joint (Male, age: 65 
years) of an individual who required above-knee 
amputation indicated for limb salvage surgery 
(Fig. 1). 
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Fig. 1.- Study algorithm depicting the isolation and phenotypical characterization of human articular cartilage derived migratory 
chondroprogenitors. Cartilage explants (8-10 mm) obtained from a non-diseased human joint was subjected to enzymatic digestion 
by collagenase to loosen the matrix enabling the migration of chondroprogenitors to obtain MCPs. The MCPs were phenotypically 
characterized using FACS for positive and negative MSC markers. The conditioned medium obtained from the MCPs was subjected 
for cytospin centrifugation and precipitated to obtain EVs which were quantified, characterized for exosome markers using FACS 
(CD63 and CD81) and subjected for confocal microscopy with and without cytospin preparation. 
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To isolate MCPs, approximately 8-10 mm car-
tilage shavings were maintained in their expan-
sion medium, composed of Dulbecco’s Modified 
Eagle Medium containing 10% fetal bovine se-
rum, 10mM Glutamine, and antibiotics. The iso-
lation procedure followed the method outlined by 
Koelling et al. (2009). In brief, the cartilage shav-
ings were taken and washed with phosphate-buff-
ered solution (PBS) to remove any synovial fluid. 
They were then left undisturbed in their stromal 
medium for 48 hours. Subsequently, the explants 
were transferred to a 0.1% collagenase solution 
(Worthington) at 37°C for a 2-hour incubation, 
washed to eliminate any released cells, and then 
transferred to a culture plate containing expan-
sion medium. The explants were observed for cell 
outgrowth, and the early migrated cells were har-
vested using 0.125% trypsin containing EDTA and 
further expanded to passage 2. The isolated MCPs 
were characterized using flow cytometric analysis 
(FACS) for positive MSC markers, namely CD105, 
CD73, CD90 and negative mesenchymal markers, 
HLA-DR, CD34, CD45. In brief, passage 1 MCPs at 
sub-confluence were trypsinized, washed, and 
prepared for flow cytometry analysis. Staining 
was carried out following the technical data sheet 
for each antibody. Details of the antibodies used 
have been listed in Table S1.

Isolation of extracellular vesicles (EVs) 

At passage 2, the MCPs were seeded at a concen-
tration of 5000 cells/cm2 and once a confluence 
of 60% was achieved, the cells were washed with 
PBS and replaced with 8 ml/75 cm2 of expansion 
medium containing exosome-depleted FBS (FBS 
previously centrifuged at 34,600 rpm, 17 hrs, 4°C, 
Beckman Coulter Optima L-100K Ultracentrifuge) 

and cultured for 48 hrs. The conditioned medi-
um was collected and cleared by centrifugation at 
2000 g for 20 min at 4°C. Approximately 48 ml of 
conditioned medium from 6 T75 flasks were col-
lected and stored at -80°C till further use. In order 
to further concentrate the conditioned medium, it 
was filtered using 0.4 µm polyethersulfone (PES) 
filter and then subjected to 4000 g for 45 min at 
4°C in a 100 Kdalton cutoff oak ridge centrifuge 
tube. The obtained yield of 1.5 ml was then pro-
cessed to isolate the EVs using total exosome 
isolation kit via overnight precipitation method 
according to manufacturer’s instructions (Total 
exosome isolation, Invitrogen, Cat No: 4478359). 

In brief, for the preparation of exosomes from 
cell-free culture media filtrate, 0.5 volumes of 
the Total Exosome Isolation reagent were added. 
Achieving homogeneity was crucial, and this was 
accomplished by thorough vortexing, followed by 
gentle pipetting up and down. Following this, the 
samples underwent an overnight incubation at a 
temperature range of 2°C to 8°C. After the incu-
bation period, the samples were subjected to cen-
trifugation at 10,000 × g for one hour at 4°C. The 
supernatant was carefully aspirated and discard-
ed ensuring not to disturb the pellet. The exosome 
containing EV pellet was resuspended in 400 µl of 
PBS and the protein quantified using Bicinchonin-
ic acid (BCA) assay.  Validation of EV isolation was 
performed by flow cytometry for CD81 and CD63. 

Flow cytometry analysis of EVs and confocal 
microscopy

Flow cytometry analysis of EVs was performed 
using the Exosome – Human CD63 detection kit 
(ThermoFisher Scientific, Cat no: 10606D) ac-

Table S1. List of antibodies used in FACS (Fluorescence Activated Cell Sorting) MSC- Mesenchymal Stem Cell, CD – Cluster of differ-
entiation, FITC – Fluorescein isothiocyanate, PE- Phycoerythrin, V 500 – Violet 500.

GROUPS SURFACE MARKERS FLUOROCHROME 
CONJUGATE

CATALOGUE 
NUMBER SOURCE

Positive MSC markers

CD105: Endoglin glycoprotein FITC 561443 BD Biosciences

CD73: Ecto-5’-nucleotidase PE 550257 BD Biosciences

CD90: Thymus cell antigen 1 PE 555596 BD Biosciences

Negative MSC markers

HLA-DR: Integrin marker V 500 561225 BD Biosciences

CD34: Hematopoietic stem cell marker PE 348057 BD Biosciences

CD45: Hematopoietic stem cell marker FITC 555482 BD Biosciences
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cording to the manufacturer’s protocol. Briefly, 
the isolated EVs (diluted 1:10) were captured on 
Dynabeads magnetic beads with CD63 antibodies 
provided in the kit. The EV-magnetic bead com-
plex was stained with APC Mouse Anti-human 
CD81 (Mat No: 561958) and PE Mouse Anti-hu-
man CD63 (Mat no: 561925) antibodies, and then 
acquired on BC CytoFLEX LX flow cytometer and 
CYTExpert Software Version 2.5. Flow cytometry 
was conducted using the Beckman Coulter CytoF-
LEX LX analyzer and CYTExpert Software Version 
2.5. The flow cytometry data were analysed using 
FlowJo™ v10.8 Software (BD Life Sciences). Un-
stained controls were utilised for detecting back-
ground fluorescence for all the markers. Positive 
fluorescence was defined as any event occurring 
above a gate containing 99.8% of the events mea-
sured for background fluorescence in a histogram 
plot (Fig. S1). The flow cytometry results were an-
alysed using FlowJo™ v10.8 Software (BD Life Sci-
ences).

The antibody tagged EVs, following Flow cy-
tometry, were processed for confocal microscopy 
using the cytospin preparation technique. First, 
a slide with the frosted side facing upward was 
inserted into the slide clip. Next, the filter card 
(Shandon filter cards white, Thermo Scientific, 
Ref: 5991022) with the absorbent surface touch-
ing the slide was inserted, ensuring that the cyto-
funnel matched up with the filter paper. 100 µL of 
the EV-containing suspension was gently pipetted 
into the cytofunnel. After this, the mounted hold-
er was placed in the corresponding recess in the 

cytospin, ensuring it was balanced, and then cen-
trifuged at a low speed of 600 rpm for 5 minutes 
(Thermo Scientific, CYTOSPIN 4 Cytocentrifuge). 
The filter paper was removed from the slide with-
out smudging the preparation, followed by placing 
a cover slip over the concentrated area. Addition-
ally, control slides were prepared, which included 
direct loading of 100 µL of the EV suspension and 
mounting with a cover slip (Fig. 1). Imaging for the 
expression of CD63 and CD81 was performed us-
ing an Olympus FV1000 laser scanning confocal 
microscope. After adjusting for optimal exposure, 
both groups were imaged using the same settings.

RESULTS 
Following collagenase incubation, the cartilage 

explants displayed extracellular matrix loosen-
ing, and migration of the chondroprogenitors 
was observed as early as the day 7, resulting in a 
spindle-shaped morphology and subsequent fi-
broblastic expansion (Fig. 1). In Passage 1, there 
was a high expression of positive MSC markers: 
CD105 (100%), CD73 (99.99%), and CD90 (100%), 
along with low expression of negative MSC mark-
ers: HLA-DR (1.52%), CD34 (7.76%), and CD45 
(2.51%) (Fig. 2). The MCPs continued to expand 
into Passage 2. After isolating EVs from the con-
ditioned medium, protein quantification using 
BCA revealed a final concentration of 56.485 µg/
µl. Analysis of the EVs for transmembrane exo-
somal markers, namely CD63 and CD81, showed 
a percentage expression of 60.64 and 79.36, re-
spectively (Fig. 2). 

Fig. S1.- Gating strategy for flow cytometry analysis of MSCs. FSC-A/SSC-A: Forward scatter/Side scatter.
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Confocal microscopy was conducted for CD63 
and CD81 using 100 µl of the EV suspension (5.64 
mg) per glass slide. Analysis of the slides revealed 
positive expressions for both CD63 and CD81, 
consistent with flow cytometry analysis. The cyto-
spin technique concentrated the EVs effectively as 
a circular area on the slide, facilitating easy iden-
tification. It was observed that all immunocap-

tured beads, visible with phase contrast, exhibit-
ed positive expression for both the CD markers. 
In comparison to the control slides, the cytospin 
centrifugation allowed for a rapid and efficient 
100 times concentration of the EVs, with their lo-
cation easily identifiable (Fig. 3). Additionally, this 
method permitted the measurement and averag-
ing of the size of the EVs. 

Fig. 3.- Confocal microscopy of EVs comparing the phase contrast, fluorescence and merge images for transmembrane exosome 
markers: CD63 and CD81 loaded on glass slides directly (controls) and following cytospin preparation. 

Fig. 2.- Flow cytometric analysis of the MCPs and MCP derived EVs. Graphical histogram showing the percentage of expression of 
positive and negative MSC and exosome markers. MCPs: migratory chondroprogenitors.
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DISCUSSION 
The expanding field of EV research necessi-

tates the development of effective techniques for 
their visualization, given their diverse origins 
and complex composition. The intricate nature 
of EVs, spanning exosomes, microvesicles, and 
apoptotic bodies, presents a challenge in identifi-
cation, often necessitating advanced methods like 
nanotracking and electron microscopy for precise 
analysis (Vlassov et al., 2012; Zhang et al., 2020). 
However, the technical challenges associated with 
these techniques limit their practical application. 
In response to this, recent studies have explored 
alternative approaches, including fluorescent la-
belling and the utilisation of well-characterized 
cell-surface markers such as CD9, CD63, CD81, 
and Flotilin, among others (Jankovicova et al., 
2020). Flow cytometry and confocal microscopy, 
utilizing fluorescent labelling, offer an efficient 
means for the easy identification of EVs, address-
ing practical limitations associated with tradi-
tional approaches. However, a significant limita-
tion in visualizing EVs with confocal microscopy 
is the challenge of congregating the EV isolate for 
easier identification on the slide. While cytospin 
has been a well-established method for cells (Koh, 
2013), its application with EVs has not been previ-
ously attempted.

In the context of cartilage repair and the emerg-
ing role of chondroprogenitors, this study aimed 
to enhance the visualization of EVs derived from 
MCPs. The utilization of cytospin centrifugation in 
combination with confocal imaging proved to be a 
straightforward and robust method for efficiently 
identifying EVs. The study successfully isolated 
EVs from MCPs, labelled them fluorescently with 
CD63 and CD81 markers, and employed cytospin 
to concentrate EVs on glass slides. The results 
demonstrated positive expressions for both mark-
ers, validating the effectiveness of the approach. 
The use of MCPs, particularly those exhibiting 
superior potential for cartilage repair, reflects an 
innovative approach in regenerative medicine. 
Furthermore, the concentration and sizing of EVs 
play pivotal roles in their characterisation. Our 
results indicate successful isolation of EVs from 
MCPs by cytospin centrifugation, supported by 
flow cytometry analysis and confocal microscopy. 

The  efficiency of the cytospin method in concen-
trating EVs onto slides enhances their visibility, 
addressing a significant challenge in the field.

In conclusion, our study introduces a novel ap-
proach in order to enhance the visualization of 
articular cartilage chondroprogenitor-derived 
Extracellular Vesicles using cytospin centrifuga-
tion. This method proves to be a valuable addition 
for EV research, providing a simple and robust 
means of identifying and characterizing them.
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SUMMARY
After birth, ductus arteriosus forms ligamen-

tum arteriosum and sometimes can be calcified. 
Ligamentum arteriosum calcification can be seen 
as subtle-punctate or coarse-linear between pul-
monary artery and the aorta in the non-contrast 
computed tomography (CT) images, and between 
the pulmonary conus and the aortic knob in the 
chest radiography. In this study, we aim to esti-
mate the prevalence of ligamentum arteriosum 
calcification on non-contrast CT and chest radi-
ography in a pediatric population. Patients aged 
0-18 years, who underwent non- contrast CT and 
chest radiography at Department of Radiology be-
tween March 1, 2020 and October 31, 2021 were 
evaluated retrospectively. It was examined wheth-
er there was ligamentum arteriosum calcifica-
tion in non-contrast CT and chest radiography. 
If there is calcification, it was recommended as 
subtle-punctate or coarse-linear, and information 
was documented by grouping the patients’ age. If 
ligamentum arteriosum calcification was present, 
it was divided morphologically into two groups 

(subtle-punctate and coarse-linear) and classified 
according to the age groups. The research popu-
lation consisted of 1003 patients. Non-contrast 
CT revealed calcification in 25.5% of patients 
(n=256). 11.3% of patients had subtle-punctate 
calcification, and 14.3% had coarse-linear calci-
fication. Radiography had a 1.7% (n:17) detection 
rate for calcification. Ligamentum arteriosum cal-
cification is a common finding in all age groups 
in the pediatric population. When reporting pe-
diatric CT studies, radiologists should be able to 
distinguish ligamentum arteriosum calcification 
from other pathological and anatomical condi-
tions and accept it as a normal finding in order to 
avoid unnecessary further investigations.

Key words: Ligamentum arteriosum – Non-con-
trast computed tomography – Chest radiography 
– Calcification – Pediatric population 

INTRODUCTION
The ductus arteriosus is an important structure 

that connects the pulmonary artery to the aorta 
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and plays a role in the right-to-left shunt of blood 
passing through the lungs during the fetal period. 
After birth, the ductus arteriosus closes and forms 
the ligamentum arteriosum. Sometimes the liga-
mentum arteriosum can be calcified (Currarino 
and Jackson Jr, 1970; Murphy, 2005; Ampanozi 
et al., 2010; Keet et al., 2018). On computed to-
mography (CT) in adults, the ligamentum arteri-
osum calcification can be seen subtle-punctate or 
coarse-linear between the proximal descending 
aorta and the pulmonary artery superior (Ampa-
nozi et al., 2010). Calcification of the ligamentum 
arteriosum in adults is considered a benign forma-
tion and calcified in the mediastinum is different 
from other anatomical structures (calcified pul-
monary artery seen in patients with long-stand-
ing pulmonary hypertension, aortic coarctation, 
ductus arteriosus aneurysm) and pathological 
conditions (granulomatous infections and neo-
plastic diseases such as neuroblastoma, terato-
ma, treated lymphoma). The distinction is made 
by the precise anatomical location of the calcifi-
cation, the absence of associated soft tissue mass, 
and the absence of other signs of mediastinal or 
congenital heart disease (including indirect man-
ifestations of patent ductus arteriosus) (Bisceglia 
and Donaldson, 1991; Ampanozi et al., 2010).

Although ligamentum arteriosum calcification 
is a well-known phenomenon among experienced 

pediatric radiologists, there are few publications 
in the medical literature to date, all of which have 
different findings. General radiologists may also 
have a greater obligation to report on routine pe-
diatric imaging given the rising demand for pedi-
atric imaging across the country and the dearth of 
specialist services for reporting. In order to avoid 
needless additional testing and incorrect diagno-
ses, the ability to recognize pathological formation 
and normal anatomical variation will be essential 
(Halliday et al., 2016).

The aim of our study is to define the frequency 
and types of ligamentum arteriosum calcification 
seen in the pediatric population. Our aims are to fa-
cilitate accurate and effective diagnosis for radiolo-
gists and to provide information about ligamentum 
arteriosum calcification to other physicians.

MATERIALS AND METHODS
The local institutional review board approved 

this study, and as a result of retrospective nature, 
informed consent was waived (Desicion number: 
E-21142744-804.99-96230).

At the Radiology Department of Erzincan Binali 
Yıldırım University, Mengücek Gazi Training and 
Research Hospital, 1028 patients, ages 0 to 18, 
who underwent non-contrast thorax CT and pos-
teroanterior chest radiography, were retrospec-

Fig. 1.- Diagram showing study population.
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tively scanned between March 1, 2020, and Octo-
ber 31, 2021. Among these patients, one patient 
was excluded because of cardiac surgery, one 
patient was diagnosed with congenital heart dis-
ease, and 23 patients were excluded because the 
uncontrasted thorax CT scan was not of optimum 
quality in terms of evaluating the mediastinum or 
the examination was artifact. The study involved 
1003 patients in total, with 548 males (54.6%) and 
455 females (45.4%) (Fig. 1).

With no contrast, a 16-section multi-detector 
computed tomography machine (Siemens Soma-
tom, Forchheim, Germany) was used to examine 
all of the study participants. The following tech-
nical specifications were used in the CT machine: 
pitch was 0.8, rotation time was 0.6 seconds, slice 
thickness was 1.5 mm, tube voltage was 130 kVp, 
automatic tube current modulation was 70 mAs.

Using the Siemens Somatom Sensation-Syngo.
via software program from the PACS (Picture Ar-
chiving Communication System) archive, evalu-
ation of images in the axial, coronal, and sagittal 
planes was performed. To accurately determine 
the location and presence of ligamentum arte-
riosum calcification, evaluation was performed 
using multiplanar reconstruction techniques on 
non-contrast thorax CT using both standard me-
diastinal/soft tissue window settings and bone 
window settings.

The evaluation was carried out by two radiolo-
gists with 4 years and 10 years of radiology expe-
rience, and the final decision about the presence 
and the form of calcification of each patient was 
noted by common consensus. For each patient, 
the presence and the form of calcification were 
decided by using all of axial, coronal and sagittal 
CT images. Presence of calcification was defined 
as the detection of any calcification between the 
superior pulmonary artery and the proximal de-
scending aorta. The calcifications were divided 
into two morphological groups; while linear and 
amorphous shaped calcifications were called 
coarse- linear (Fig. 2), other calcifications were 
called subtle-punctate (Fig. 3).

All the data was classified according to age 
groups (0-18 years, 18 age groups, one group for 
each year of age).

In addition, posteroanterior chest radiographs 
of the cases were also evaluated. Evaluators re-
viewed chest radiographs and CT images in a dou-
ble-blind manner. They did not have information 
about the CT images of the cases whose chest ra-
diographs were evaluated. The presence/absence 
of calcification was noted by looking at the chest 
radiographs, and no comment was made about 
the morphological structure. The presence of cal-
cification on chest radiographies was also decided 
with consensus.

Fig. 2.- Demonstrating coarse-linear calcification of the ligamentum arteriosum on non-contrast thorax CT and chest radiography; 
In the sagittal (A), axial (B), and coronal (C) sections of the non-contrast thorax CT of a 3-year-and-11-month-old male patient, 
coarse-linear calcification (white arrows) is visible between the proximal descending aorta and the pulmonary artery. On the radi-
ograph of the same patient (D), millimetric opacity (black arrow) is observed at the level of the 5th costochondral junction, between 
the aortic knob (green line) and pulmonary conus (blue line), and it corresponds to the calcification of the ligamentum arteriosum 
between the pulmonary artery and the aorta described in the CT images.
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Final data regarding the presence and mor-
phology of calcification were determined using 
CT images.

Statistical analysis

Statistical analysis was performed using the 
IBM SPSS v20.0 (IBM Corp., Armonk, NY, USA) 
package program. The normal distribution of 
data was evaluated using the Kolmogorov-Smirn-
ov test. Numerical with non-normal distribution 
were expressed as the median (min-max). The 
categorical variables were expressed as num-
bers and percentages. For comparisons between 
age groups, Mann-Whitney U test was used. Chi-
square, Yates correction and Fischer tests were 
used to compare the rate of presence of calcifica-
tion. The predictive value of age in terms of cal-
cification presence was determined by Roc Curve 
analysis and Youden index method; p < 0.05 was 
regarded as statistically significant.

RESULTS
The study population consisted of 1003 patients, 

548 males (54.6%) and 455 females (45.4%). The 
median age of the patients was 135 months (range: 
3-215 months). The rate of patients with calcifica-

tion on CT was 25.5% (n:256). Within these 256 
patients, 113 calcifications were classified as sub-
tle-punctate (11.3%, 113/1003); whereas 143 were 
coarse- linear (14.3%, 143/1003). The rate of calci-
fication detected with chest radiography was 1.7% 
(17/1003). These results are shown in Table 1.

The presence of calcification did not differ sig-
nificantly by gender (p=0.479). The median age 
was lower in those with calcifications than in those 
without (118 vs 139 months; p=0.013). While lig-
amentum arteriosum calcification is most com-
monly seen in the 8-to-9-age range, it was at least 
detected in the 0-to-1- year age range, however 
the rates of calcification presence did not show 
a statistically significant difference according to 
age groups (p=0.065). These results are shown in 
Table 2 and Fig. 4.

Calcification was also detected on chest radiog-
raphy in 6.6% (17/256) of those with calcification 
detected on CT. In patients without calcification 
on CT, also no calcification was found on chest ra-
diography. These results are shown in table 2. In 
those with subtle-punctate calcification on CT, no 
calcification was found on chest radiography. The 
cut-off value of age in terms of calcification pres-
ence was found to be <139 months with 61.3% 
sensitivity and 50.9% specificity.

Fig. 3.- Demonstrating subtle-punctate calcification of the ligamentum arteriosum on non-contrast thorax CT; In the sagittal (A), 
coronal (B), and axial (C) sections of the unenhanced thorax CT of a 14 years and 7 months old female patient, subtle-punctate cal-
cification (white arrows) is visible between the proximal descending aorta and the pulmonary artery.
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DISCUSSION
The main purpose of this study is to determine the 

frequency and pattern of ligamentum arteriosum 
calcification in the pediatric population. According 
to the data of our study, the frequency of ligamen-
tum arteriosum calcification in the pediatric popu-
lation was 25.5%. The presence of calcification did 
not differ significantly by gender. The rates of calci-
fication presence did not show a statistically signifi-
cant difference according to age groups.

Kaushik et al. (2004) suggested that the camber-
ing of the ductus arteriosus, which is known as a 
normal formation by the pediatric radiologist, is 
actually a benign and self-limiting ductus arteri-
osus aneurysm, and that calcification of the liga-
mentum arteriosum results from the regression 
of the thrombus within the aneurysm; this was 
supported by Slovis and Berdon (2004).

The frequency of ligamentum arteriosum cal-
cification of our population is slightly lower than 

Table 1. Demographic data and presence of calcification.

Variables Population number
(n=1003)

Gender n (%) 

Male 548(54.6)

Female 455(45.4)

Age groups (in months) n (%)

0-12 10(1.0)

12-24 50(5.0)

24-36 52(5.2)

36-48 47(4.7)

48-60 37(3.7)

60-72 50(5.0)

72-84 49(4.9)

84-96 49(4.9)

96-108 36(3.6)

108-120 51(5.1)

120-132 61(6.1)

132-144 66(6.6)

144-156 54(5.4)

156-168 57(5.7)

168-180 67(6.7)

180-192 83(8,3)

192-204 101(10.1)

204-216 83(8.3)

Calcification on unenhanced CT n (%) 

Not present 747(74.5)

Present 256(25.5)

Subtle-Punctate 113(11.3)

Coarse-Linear 143(14.3)

Calcification on radiography  n (%)

Not present 986(98.3)

Present 17(1.7)

CT: Computed tomography, n: Number, %: Percentage

Table 2. Distribution of demographic and clinical depart-
ments according to the presence of calcification.

Variables
Calcification

pNot present 
n=747

Present 
n=256

Gender

Male 413(55.3) 135(52.7)
0.479

Female 334(44.7) 121(47.3)

Age 
(in months)

median 
(min-max)

median 
(min-max)

139(3-215) 118(3-215) 0.013*

Age groups
(in months) n n

0-12 9 1

0.065

12-24 40 10

24-36 36 16

36-48 36 11

48-60 23 14

60-72 31 19

72-84 33 16

84-96 35 14

96-108 21 15

108-120 38 13

120-132 43 18

132-144 49 17

144-156 45 9

156-168 40 17

168-180 57 10

180-192 65 18

192-204 81 20

204-216 65 18

Calcification on 
radiography n(%)

Not present 747(100.0) 239(93.4)
<0.001*

Present - 17(6.6)

n: Number, %: Percentages, min: Minimum, max: Maximum, *: 
Indicates statistical significance.
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Davendralingam et al. (2021) (Our data: %25.6 vs 
30.5%). The possible reason for the mentioned 
difference can be explained with population char-
acteristics: Davendralingam et al. (2021) studied 
with postmortem CTs in pediatric population, 
so that they can easily use thinner sections (0.7 
mm sections), where as we used 1.5 mm sections. 
Thinner sections are especially useful in the de-
tection of subtle-punctate calcifications. In addi-
tion, due to the fact that the patient group was in 
the postmortem period, they eliminated the respi-
ratory and motion artifacts that may occur in CT 
scans and increased the sensitivity of the study. 
Similarly with Davendralingam et al. (2021), 
Proisy et al. (2015) also studied with postmortem 
pediatric cases, however they found a higher cal-
cification rate (60.9%) in comparison with both 
the results in Davendralingam et al. (2021) and in 
ours. This situation can be explained by the pop-
ulation number . Proisy et al. (2015) had the low-
est population number. When Davendralingam et 
al. (2021) and our study are evaluated together, it 
is seen that the frequency of calcification detec-
tion decreases as the population size increases.

In addition to studies conducted with postmor-
tem cases, there are also publications involving 
living pediatric patients. Bisceglia and Donaldson 
(1991) found the rate of calcification as 13.2% 

in their study using 5-10 mm thick CT images, 
whereas Hong et al. (2012) defined this rate as 
37.8% in their study performed with 3-5 mm thick 
CT images. Our rate falls between the rates in the 
mentioned publications. The differences between 
the mentioned publications and our results can 
basically be explained by population numbers. 
Our study constitutes the widest-ranging publi-
cation in the literature with a population of 1003 
participants.

In the study of Davendralingam et al. (2021), the 
rate of calcification detection in pediatric radiog-
raphy was 1.6%; in the study of Hong et al. (2012), 
this rate was 3.6%, and it was 1.7% in our study. 
Similar to the CT-based studies, these differences 
also can be attributed to the population numbers. 
Beluffi et al. (1998) reported a lower rate of 0.1% in 
their study, although they performed their study 
with film-screen images. Both our results and 
the results of the above-mentioned studies were 
acquired from digital radiographic images. Im-
provements in radiographic imaging techniques 
may have contributed to the better detection rate 
of ligamentum arteriosum calcifications.

In the study of Davendralingam et al. (2021), a 
higher frequency of ligamentum arteriosum calci-
fication was observed in children younger than 8 

Fig. 4.- Calcification distributions in age groups.
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years of age compared to those older than 12 years 
of age. In the study of Hong et al. (2012), ligamen-
tum arteriosum calcification was most frequently 
observed between 6 and 10 years of age (48.7%), 
and no significant difference was found in the 
prevalence of ligamentum arteriosum calcifica-
tion among pediatric age groups. In the study of 
Beluffi et al. (1998), an increase in the frequency 
of ligamentum arteriosum calcification was found 
in girls aged 4-6 years. In the studies of Proisy et 
al. (2015) and Bisceglia and Donaldson (1991), 
age classifications did not differ significantly in 
terms of the presence of calcification. In the study 
of Davendralingam et al. (2021), ligamentum arte-
riosum calcification was not observed in any pa-
tient over 12 years of age. However, in this study, 
patients over the age of 12 constituted a very small 
portion of the patient population (10/220). The 
majority of the patient population consisted of pa-
tients in the 0-to-1-year age group (118/220). It 
is supported that the frequency of ligamen-
tum arteriosum calcification is lower in studies 
conducted in adult patients (Keys and Shapiro, 
1943; Wimpfheimer et al., 1996) than in studies 
conducted in the pediatric population (Bisceglia 
and Donaldson, 1991; Beluffi et al., 1998; Hong et 
al., 2012; Proisy et al., 2015). Hong et al. (2012) 
reported in their study that the frequency of liga-
mentum arteriosum calcification decreased with 

increasing age (in people over 30 years old). In our 
study, the age range in which ligamentum arterio-
sum calcification was seen at the lowest rate (10%) 
was the 0-to-1-year age range with the lowest rate 
of the population (n:10). The calcification rate was 
highest (15/36; 41.7%) between the ages of 8 and 
9; however, in our study, age classifications did 
not differ significantly in terms of the presence of 
calcification. The patient population of our study 
was more homogeneous than the patient popula-
tion of Davendralingam et al. (2021). It is thought 
that this homogeneity increases the sensitivity of 
the incidence of calcification according to age in 
our study. As a result of the COVID-19 pandemic, 
more pediatric patients underwent non-contrast 
thoracic CT scans, and more people participat-
ed in our study. To the best of our knowledge, 
our study had the highest population evaluated 
for non-contrast thoracic CT scans in the litera-
ture (Table 3). Due to this situation, our study may 
have a higher sensitivity than other studies.

There was no discernible difference in the gen-
der distribution in our study when compared to 
other studies. However, only in the study of Beluffi 
et al. (1998), there was a slight female gender pre-
dominance.

There were some limitations in our study worth 
mentioning. One of them is the fact that the rate of 
patients aged between 0 and 1 years is lower than 

Table 3. Previous studies investigating ligamentum arteriosum calcification in the pediatric population.

Study Study Group Population Calcification Frequency Gender Distribution Median Age

Bisceglia and 
Donaldson 
(1991)

Living infants 
and  children Unenhanced CT: 53 Unenhanced CT:7 (13.2%) No significant 

difference Unspecified

Beluffi et al.  
(1998)

Living infants 
and  children Radiography: 38.476 Radiography:32 (0.1%) Slight female 

predominance Unspecified

Hong et al. 
(2012)

Living infants 
and  children

Unenhanced CT: 164 
Enhanced CT: 336
Radiography: 476

Unenhanced CT: 62 (37.8%)
Enhanced CT: 55 (16.3%)
Radiography: 17 (3.6%)

No significant 
difference 6.8 years

Proisy et al. 
(2015)

Post mortem 
infants and  
children

Unenhanced CT: 69 Unenhanced CT: 42 (60.9%) No significant 
difference 9.7 month

Davendralingam 
et al. (2021)

Post mortem 
infants and  
children

Unenhanced CT: 220
Radiography: 182

Unenhanced CT: 67 (30.5%)
Radiography: 3 (1.6%)

No significant 
difference 2.3 years

CT: Computed tomography, %: Percentage
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the other age groups. The possible reason is that it 
is difficult to obtain optimal quality of radiological 
examinations, especially CT, in 0-to-1-year age 
group due to the lack of patient orientation, and 
to protect these patients in infancy from radia-
tion exposure. In our study, 1.5 mm sections were 
routinely used in CT scans in children, and the 
sensitivity of the detection of subtle-punctate cal-
cifications decreased due to the current section 
thickness. Examination of thinner sections may 
increase the sensitivity of the detection of sub-
tle-punctate calcifications. Due to the prevalence 
of pediatric patients and the fact that patient ori-
entation declines with age, optimization of the ex-
amination also decreases. One of the limitations 
of our study is that the study was carried out on 
live patient groups, which may cause respiratory 
and movement artifacts.

In conclusion, ligamentum arteriosum calci-
fication is a common finding in all age groups in 
the pediatric population. Non-contrast thorax CT 
can detect it better than chest radiography. It is 
most commonly observed as coarse-linear 
type calcification, and if calcification is pres-
ent, it can be easily detected on CT. Radiologists 
should be able to differentiate ligamentum arte-
riosum calcification found in the pediatric pop-
ulation from other pathological and anatomical 
conditions when reporting pediatric CT studies in 
order to avoid needless additional investigations.
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SUMMARY
Coccydynia is a pain in the coccyx and the sur-

rounding anatomical structures. Our aim in the 
study was to evaluate whether the disease dura-
tion, pain assessment, and coccyx morphological 
type had an effect on this clinic in patients with a 
diagnosis of coccydynia. A total of 68 coccyx Mag-
netic Resonance Imaging (MRI) results were eval-
uated. Coccyx segment number, morphological 
typing, lumbosacral, sacrococcygeal, and inter-
coccygeal angle measurements were made. Dis-
ease duration, day and night movement and the 
rest of Numerical Pain Scale (NRS) values were 
recorded from existing records of patients with 
a diagnosis of coccydynia. When the morpho-
logical typing was evaluated, type 4 subluxation 
was found to be high in the group with coccydy-
nia. Pain complaint duration was 13.94 ± 12.22 
months, sitting time was 16.82 ± 14.22 minutes, 
and the numerical pain scale was 7.62 ± 1.48. 
Morphologically, type 1;14 (3 coccydynia), type 
2;22 (9 coccydynia), type 3;14 (6 coccydynia), type 
4;18 (16 coccydynia) images were also detected. 
A moderately statistically significant positive cor-
relation was found between the sacrococcygeal 

and intercoccygeal angles (p<0.05). We believe 
that evaluating clinical data and anatomical mea-
surements together will contribute to the treat-
ment of coccydynia, which is especially difficult 
to treat.

Key words: Coccydynia – Sacrum – Pain – MRI 

ABBREVIATIONS
MRI: Magnetic Resonance Imaging 

NRS: Numerical Pain Scale 

INTRODUCTION
Coccydynia is also known as coccygodynia or 

coccygeal neuralgia (Malik et al., 2014). Coccydy-
nia was first defined by Simpson in 1859 as pain 
in the coccyx and surrounding anatomical struc-
tures (Lirette et al., 2014; Mabrouk et al., 2023). 
The coccyx consists of the union of the last 3-5 
vertebrae that are not well developed. Its poste-
rior surface is slightly convex, while its anterior 
surface is slightly concave (Nelson, 1991). There 
is a synarthrosis joint between the coccyx seg-
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ments. The sacrococcygeal and intercoccygeal 
joints forms are surrounded by ligaments (Andrés 
and Chaves, 2003). The coccyx has very important 
functions by carrying the weight of a person in a 
sitting position, helping voluntary bowel control, 
and supporting the anus positionally due to its 
anatomical neighbourhoods (Lirette et al., 2014). 
Although factors such as trauma, malignancy, and 
difficult delivery are listed in the etiology of coc-
cydynia, one third of the cases are idiopathic. In 
patients with idiopathic etiology, there are radiol-
ogy studies showing that pain is caused by ana-
tomical changes in the coccyx and adjacent liga-
ment structures (Maigne et al., 2006; Woon et al., 
2013). Although coccydynia most commonly af-
fects middle-aged women, it may be found in both 
sexes and in all age groups (White et al., 2022). In 
coccydynia, patients complain of pain, especially 
when sitting on hard places. 

Internal and external trauma are significant eti-
ological factors in the formation of coccydynia. 
While internal trauma occurs in difficult birth, ex-
ternal trauma is trauma caused by coccyx disloca-
tion, coccyx fracture and supine fall. Anatomical 
knowledge of coccydynia is essential and its com-
bination with radiological evaluation has a very 
important place in patients receiving appropriate 
treatment.

The goal of this work was to investigate the num-
ber of coccyx segments, morphological typing, 
lumbosacral, sacrococcygeal and intercoccygeal 
angle measurements and morphometric features, 
duration of complaints and pain in coccydynia.

MATERIALS AND METHODS
In our study, the images of patients who con-

sulted to School of Medicine Physical Therapy 
and Rehabilitation clinic among 01/01/2021 and 
31/12/2021 and were determined with coccydyn-
ia and healthy volunteers who were not diagnosed 
with coccydynia but had pelvic MRI images be-
tween the same dates were included. Consent was 
obtained with the consent forms prepared from 
the accessible patient and control groups.

In our study, a total of 68 coccyx Magnetic Res-
onance Imaging (MRI) results, 19 of women and 
49 of men, were evaluated. Of these 68 coccyx 

MRIs, 34 were from patients with a diagnosis of 
coccydynia, and 34 were from healthy volunteers. 
In our retrospective study, the number of coccyx 
segments, morphological typing, lumbosacral, 
sacrococcygeal and intercoccygeal angle mea-
surements were made in the current coccyx MRI. 
Disease duration was recorded from the existing 
records of patients with a diagnosis of coccydynia.

Inclusion criteria for the study: to be diagnosed 
with coccydynia, to have a history of trauma to the 
coccyx region, to be between the ages of 18-70, to 
accept the evaluation of their current images in 
the study

Exclusion criteria are: those under the age of 18 
or over the age of 70, those with pilonidal sinus, 
those who underwent local surgery, and those 
who did not accept the evaluation of their current 
images.

Evaluation scales to be used during patient re-
cords:

Numerical pain scale (NRS): It is used to mea-
sure pain intensity and monitor pain. It provides a 
measurement from 0 to 10 (0 = no pain, 10 = most 
severe pain). The measurement was made by ask-
ing the patients to mark the number correspond-
ing to their pain intensity.

Radiological evaluation: During the evaluation 
of coccyx bone anatomy, the classification created 
by Postacchini and Massobrio was used for seg-
ment number morphological typing. This grading 
showed that the morphology and morphometry 
of the coccyx can play a role in the formation of 
coccydynia. For instance,, the risk of develop-
ing coccygeal pain is higher in people who have 
a distinctly arcuate and forward-facing, sharply 
angled anterior coccyx or spicule and a posteri-
orly directed coccyx, scoliotic deformity or sub-
luxation of the intercoccygeal or sacrococcygeal 
joints (Maigne et al., 2000; Nathan et al., 2010).

Classifications were made as follows:

• Type I: The coccyx is slightly arcuate anterior-
ly and the apex is directed downward.

• Type II: Increased coccyx tilt angle and apex 
forward.

• Type III: The coccyx is sharply angled.

• Type IV: It is in the form of subluxation at the 
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sacrococcygeal and first intercoccygeal joints 
(Nathan et al., 2010; Postacchini and Masso-
brio 1983). 

In addition, lumbosacral, sacrococcygeal, and 
intercoccygeal angles were measured. In our 
study, three angle measurements were made 
(Figs. 1, 2):

1- Lumbosacral angle: The angle between the 
line passing entirely the middle of the 5th lum-
bar vertebra and the lines passing through the 
middle of the first sacral vertebra was calcu-
lated by measuring (Okpala, 2014). 

2- Sacrococcygeal angle: The angle between the 
line passing entirely through the middle of the 
1st coccygeal vertebra and the lines passing 
through the middle of the first sacral vertebra 
was calculated by measuring.

3- Intercoccygeal angle: The angle between the 
line passing entirely through the middle of 
the first coccygeal vertebra and the line pass-
ing through the middle of the other coccygeal 
vertebrae was calculated by measuring (Woon 
et al., 2013).

Ethics Committee Approval

This work was implemented with the approv-
al School of Medicine Non-Invasive Clinical Re-
search Ethics Committee dated 16.02.2022 and 

verdict number 2022-02/44. Informed assent 
forms were received from the control groups and 
patients included in the study.

Statistical analysis

The analysis of the data in the research was 
done with the SPSS (Statistical Program in So-
cial Sciences) 25 program. Descriptive statistics 
were calculated as mean, number, median, per-
centage, min-max, and standard deviation. The 
Mann-Whitney U test was used for data that did 
not fit the normal distribution, and the t-test was 
used for the comparisons of the two groups in the 
data that fit the normal distribution. Kruskal Wal-
lis analysis was used in multiple groups that did 
not show normal distribution. In the comparison 
of categorical data, the chi-square test was applied 
by composing cross tables. The significance value 
(p) was taken as 0.05. In the analysis of the rela-
tions between the variables, the Spearman rank 
correlation coefficient was used because normal 
distribution could not be achieved.

RESULTS
A statistically substantial dissimilarity was ob-

served among coccydynia and healthy groups 
according to age and gender in the participants 
included in the study (p<0.05). The mean age 
was 36.62 ± 12.84 years in the coccydynia patient 

Fig. 1.- Angle measurement methods. Green line: Intercoc-
cygeal angle. Blue line: Lumbosacral angle. Orange line: Sac-
rococcygeal angle. 

Fig. 2.- Sacrum and coccyx bone anatomy. S: Sacrum, C: 
Coccyx.
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group and 44.35 ± 14.04 years in the healthy con-
trol group (Table 1). The duration of pain com-
plaint was 13.94 ± 12.22 months, the sitting time 
was 16.82 ± 14.22 minutes, and the Numerical 
Pain Scale (NRS) was 7.62 ± 1.48 (Table 2). A sta-
tistically substantial difference was found among 
coccydynia and healthy groups according to mor-
phological types (type I, type II, type III, and type 
IV) (p=0.001<0.05). Morphologically, type I;14 (3 
coccydynia), type II;22 (9 coccydynia), type III;14 
(6 coccydynia), type IV;18 (16 coccydynia) images 
were also detected (Table 3). When the morpho-
logical typing was evaluated, type IV with sublux-
ation (partial dislocation) was found to be high in 
the coccydynia group. There was no statistically 
substantial dissimilarity among coccydynia and 
healthy groups according to the number of seg-
ments in the participants included in the study 

(p> 0.05). The number of segments was found to 
be 1 in 1 image, 2 in 16 images, 3 in 34 images, 
4 in 16 images, and 5 in 16 images (Table 4). A 
statistically substantial dissimilarity was found 
among the groups (coccydynia and healthy) ac-
cording to the measurement of sacrococcygeal 
angle (p=0.001<0.05, Table 5). A statistically sub-
stantial dissimilarity was found among the coccy-
dynia and healthy groups according to the mea-
surement of intercoccygeal angle (p=0.020<0.05, 
Table 5). In the coccydynia group, no statistically 
meaningful difference was found according to the 
morphological types (type I, type II, type III, and 
type IV) in point of duration of complaint, sitting 
time, and NRS variables (p>0.05, Table 4). A statis-
tically important relationship was found between 
age and the number of segments in the negative 
direction (r =-0.365) and statistically meaningful 

Table 1. Comparison of morphological types between groups.

Variable Group Value coccydynia healthy Total ꭓ2 Value p Value

morphological type

Type I
n 3 11 14

0,492 0,001*

% 8,8% 32,4% 20,6%

Type II
n 9 13 22

% 26,5% 38,2% 32,4%

Type III
n 6 8 14

% 17,6% 23,5% 20,6%

Type IV
n 16 2 18

% 47,1% 5,9% 26,5%

n; number of samples, %; percent, p; Chi-square Test value (ꭓ2), *p<0.05; There is a statistically significant difference between the 
groups.

Table 2. Comparison of coccyx segment numbers between groups.

Variable number n %
group

Total ꭓ2 Value p Value
coccydynia healthy

segment_number

1
n 1 0 1

4,152 0,386

% 2,9% 0,0% 1,5%

2
n 9 7 16

% 26,5% 20,6% 23,5%

3
n 18 16 34

% 52,9% 47,1% 50,0%

4
n 6 10 16

% 17,6% 29,4% 23,5%

5
n 0 1 1

% 0,0% 2,9% 1,5%

Total
n 34 34 68

100,0% 100,0% 100,0% 100,00%

n; number of samples, %; percent, p; Chi-square Test value (ꭓ2),
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Table 5. Correlation analysis of the relationships between the variables in the coccydynia group.

Variable complaint 
period

sitting 
time NRS segment 

number
lumbosacral 
angle

sacrococcygeal 
angle

intercoccygeal 
angle

age
r 0,293 -0,060 -0,026 -0,365 0,261 0,300 0,241

p 0,093 0,738 0,886 0,034* 0,136 0,085 0,170

complaint period
r 0,050 0,010 0,069 0,234 0,145 0,154

p 0,780 0,953 0,698 0,182 0,414 0,386

sitting time
r -0,624 -0,226 -0,088 0,160 0,338

p 0,001* 0,199 0,620 0,365 0,049*

NRS
r 0,251 0,056 -0,471 -0,422

p 0,153 0,752 0,005* 0,013

segment number
r 0,016 -0,329 -0,420

p 0,929 0,058 0,013*

lumbosacral angle
r -0,268 -0,002

p 0,126 0,990

sacrococcygeal angle
r 0,349

p 0,043*

r; spearman rank correlation coefficient, p value; statistical significance, *p<0.05; There is a statistically significant relationship 
between the variables.

Table 3. Comparison of number of segments and angles between groups.

Variable Groups Mean ± ss Test p Value

segment number
coccydynia 2,85 ± 0,74

-1,591 0,121
healthy 3,15 ± 0,78

lumbosacral angle
coccydynia 40,19 ± 10,64

0,303 0,772
healthy 39,47 ± 9,46

sacrococcygeal angle
coccydynia 96,82 ± 14,36

-4,941 0,001*
healthy 113,39 ± 13,26

intercoccygeal angle
coccydynia 130,7 ± 26,63

-2,472 0,020*
healthy 143,71 ± 15,25

Cover; mean, ss; standard deviation, Min; lowest score, max; highest score, test value; t Test Value, p value; statistical significance, 
*p<0.05; There is a statistically significant difference between the groups.

Table 4. Comparisons by morphological types for complaints, residence times and NRS in the coccydynia group.

Variable Groups M (Min - Max) Test p Value

complaint period

Type I 24(2-24)

0,758 0,859
Type II 12(1-36)

Type III 15(1-48)

Type IV 10(1-36)

sitting time

Type I 15(10-30)

3,528 0,317
Type II 15(1-30)

Type III 22,5(10-60)

Type IV 10(3-60)

NRS

Type I 6(6-8)

4,468 0,215
Type II 7(6-10)

Type III 7(6-9)

Type IV 8(5-10)

Cover; mean, ss; standard deviation, M; Median, Min; lowest score, max; highest score, test value; Kruskal Wallis Test Value, p value; 
statistical significance.
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(p<0.05). There was a moderate (r=-0.624) statis-
tically significant negative correlation between 
sitting time and NRS (p<0.05, Table 5). A positive 
moderate (r = 0.338) significant correlation was 
found between sitting time and intercoccygeal an-
gle (p<0.05, Table 5). A moderate (r =-0.471) statis-
tically important negative connection was found 
between NRS and sacrococcygeal angle (p<0.05, 
Table 5). A moderate (r =-0.420) statistically im-
portant negative relationship was found between 
the number of segments and the intercoccygeal 
angle (p<=0.05, Table 5). A moderate (r = 0.349) 
statistically substantial positive relationship was 
observed between the sacrococcygeal angle and 
the intercoccygeal angle (p<=0.05, Table 5).

DISCUSSION 
The anatomy of the coccyx, its neighbourhood 

with the surrounding anatomical structures, and 
the angle it makes with them are important for 
coccydynia. It has been reported that the coccyx 
has a highly variant structure, considering its mor-
phology, inclusive of the number and segments 
of the coccygeal vertebrae (White and Folkens, 
2005). Karayol et al. (2019) before this compared 
coccyx types as a morphological feature only in 
terms of the number of coccygeal vertebrae and 
determined a significant dissimilarity among the 
types. Guneri and Gungor (2021), according to the 
morphological shapes of the coccyx in their study, 
found type 1 and type 2 at the highest rate. In an-
other study, type 2 was higher according to the 
Postacchini classification. In addition, pain inten-
sity generally increased with higher angulation 
(Dalbayrak et al., 2014). Shams et al. (2023) found 
the most common coccygeal segment number to 
be 3 in both groups. Also, Shams et al. (2023) the 
most common coccygeal type in the coccydynia 
group was type 2. The most common in the control 
group was type 2, followed by type 3 and type 1. 
They found no statistically meaningful difference 
between the 2 groups in terms of intercoccygeal 
joint fusions. In our study, however, we found the 
highest number of segments to be 3 in the coccy-
godynia and healthy group. We found the highest 
morphological type to be type 4 in the coccydynia 
group, and the highest type 2 in the healthy group. 
Intercoccygeal joint subluxation was more com-

mon in the coccydynia groups than in the control 
group.

There are many studies in the literature evalu-
ating changes in sacral, sacrococcygeal, and in-
tercoccygeal angles, which are thought to cause 
disease in patients presenting with the diagno-
sis of coccydynia. Woon et al. (2013) found the 
sacral angle to be remarkably lower in coccydyn-
ia patients of both sexes compared to the control 
group, and they found the coccygeal curvature to 
be significantly lower in female patients with coc-
cydynia. In addition, they did not find a remark-
ably significant dissimilarity in terms of sacrococ-
cygeal curvature index in both genders in patients 
with coccydynia (Woon et al., 2013). Gupta et al. 
(2018) evaluated MRI to compare sacrococcygeal 
and intercoccygeal angles in their study, which 
included 10 volunteers with coccydynia and 106 
volunteers in the control group. No statistically 
important difference was determined among the 
groups in sacrococcygeal and intercoccygeal an-
gles. They observed that the intercoccygeal angle 
decreases with age. In another study, they found 
both intercoccygeal and sacral-angle coccydynia 
to be lower in the group than in the control group. 
There was no differentiation among the groups 
in the sacrococcygeal angle (Shams et al., 2023). 
Woon et al. (2013) found that the sacrococcygeal 
angle was not remarkably different between the 
coccydynia and control groups. In our study, we 
detected a statistically meaningful difference be-
tween the groups (coccydynia and healthy) ac-
cording to the measurement of intercoccygeal an-
gle and sacrococcygeal angle.

Ozkal et al. (2020) found a significant difference 
between the intercoccygeal angle and the sacro-
coccygeal angle and the number of segments in 
their study. They stated that 57 of the patients 
participating in the study had 3 segments and 98 
had 4 segments, and type 1 was the most common 
morphological type.

Pain in coccydynia is the main symptom affect-
ing the sitting time of patients. In the study con-
ducted by Gonnade et al. (2017). The NRS worths 
were recorded after and before interventional 
treatment in 31 patients with coccydynia com-
plaints, and they found the mean score before 
treatment was 7.90 ± 0.16. Similarly, in our study, 
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we found the NRS score to be 7.62 ± 1.48 (Gonnade 
et al., 2017). There are studies on the static and dy-
namic measurements of joint angles and the an-
gles they make with neighbouring joints. Howev-
er, there is no study in which patients’ complaint 
duration and pain were evaluated together with 
all these parameters (Maigne et al., 2000). In addi-
tion, in our study, we found that the prolongation 
of sitting time was proportional to the decrease in 
NRS and that the increase in the intercoccygeal 
angle was correlated with the increase in the sit-
ting time.  Again, we found that the sacrococcygeal 
angle decreased with the increase in NRS value. 
We found that as the number of segments increas-
es, the intercoccygeal angle decreases, and as the 
sacrococcygeal angle increases, the intercoccy-
geal angle increases. In the literature review, we 
did not find any study on this subject in which the 
number of segments, sitting time, pain scale, and 
angles were evaluated together.

CONCLUSION
Morphological typing of the coccyx has also 

gained more importance in terms of dynamic im-
aging studies, patient follow-up, and evaluation of 
the efficacy of treatment methods. There are few 
studies in the literature in which patients’ pain, 
trauma history, and radiological images are eval-
uated. As a result, we believe that the evaluation 
of clinical data and anatomical measurements to-
gether will contribute to the treatment of the dis-
ease, especially in coccydynia, which is difficult to 
treat.

Study limitations

Our present study has some limitations: 1) This is not 
a sequential series of coccydynia patients. Because MR 
treatment was difficult and was done in serious cases. 
2) The number of our patients is low due to the patients 
who do not want to have an MRI. Since it is difficult to 
find coccydynia patients, we do not have many patients.
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SUMMARY
To study the effects of endurance resistance ex-

ercise on the cellularity of knee joint hyaline carti-
lages and fibrocartilage in young male rats, twelve 
healthy young male Sprague Dawley rats were 
equally divided into Endurance resistance train-
ing (ERT) and Sedentary or Control (C). ERT group 
climbed a ladder carrying 5% of body weight with 
3 sets for adaptation. From week 2, 10% and 3 
sets then progressed to 20% and 4 sets, 30% and 
5 sets, and 40% of the body weight and 6 sets ev-
ery week till week 5 with 12-15 repetitions per set 
and 2-minute intervals and 5 days per week. Each 
training session’s duration was 30 minutes. The 
effects on the number of chondrocytes per lacuna 
of fibrocartilage and tibial hyaline cartilage were 
found to be significantly better in ERT group. For 
the number of chondrocytes per lacuna of femo-
ral hyaline cartilage, no significant difference was 
observed between the group analyses. These re-
sults collectively imply that endurance resistance 
training has potential for enhancing cartilage in-
tegrity and general health, specifically the fibro-
cartilage and tibial hyaline cartilage.

Key words: Endurance – Resistance – Exercise 
– Hyaline cartilage – Fibrocartilage 

INTRODUCTION
Cartilage is a pliable, smooth, elastic tissue that 

is firm and less flexible than soft tissues like mus-
cle, ligament, and tendon, but not as stiff and sol-
id as bone (Zhang et al., 2018). Hyaline (e.g., ar-
ticular cartilage), elastic (e.g., ear cartilage), and 
fibrous (e.g., intervertebral disc) cartilage are the 
types present in the human body (Lin and Klein, 
2021). Hyaline cartilage, or articular cartilage 
(AC), is a highly specialized connective tissue 
that lines the articular surfaces of bones (Bran-
ly et al., 2017). AC lacks vascularity, lymphatics 
and nerve supply (Nie et al., 2020). AC enables 
bones to move over one another, reduces fric-
tion and protects from damage in lubricated joint 
movements (Costa et al., 2018). The fibrocartilage 
plates in the knee joint are known as the menis-
ci. These circular wedge-shaped cartilages are 
located in pairs between the tibial plateaus and 
the femoral condyles, laterally and medially, re-
spectively (Murphy et al., 2019). Due to meniscal 
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injury, articular cartilage may be subjected to ex-
cessive biomechanical pressures (Favero et al., 
2019). Deprivation of the meniscus puts the knee 
joint at risk of degeneration (Rhim et al., 2021). 
The mainstay of treatment in degenerative car-
tilage disorders is prevention via exercise and 
physiotherapy (Colella et al., 2020). Traditional 
exercise programs, including resistance, aerobic 
and flexibility training, and non-traditional exer-
cises, including tai chi, yoga, and aquatic exercise 
programs, have successfully demonstrated relief 
(Wellsandt and Golightly, 2018). The morpholog-
ical effects of therapeutic exercise on the individ-
ual components of articular cartilage of the knee 
joint need to be better recognized (Bricca et al., 
2019). Although exercise is extensively suggested 
for preventing joint deterioration, the diversity of 
exercise choices evaluated is far broader. There is 
inadequate literature to advocate a particular ex-
ercise over another; thus, patients and clinicians 
are looking for guidelines on the “optimal” exer-
cise and its frequency, intensity, time and type 
(FITT) (Kolasinski et al., 2019).

Zhou (2004) studied knee joint articular carti-
lages of male Sprague-Dawley (SD) rats using low, 
medium and high-intensity exercises for 8 weeks, 
1 hour per day. The results showed that moder-
ate-intensity active exercise can enhance cartilage 
repair and delay degeneration, while high intensi-
ty may increase damage (Zhou, 2004). In addition, 
Yao et al. (2019) investigated that running at high 
speed or intensity, rather than long-distance run-
ning, may cause cartilage degeneration in female 
mice (Yao et al., 2019). Furthermore, Moshtagh et 
al. (2018) added that intense running can result 
in mild cartilage degeneration and the study was 
done in male Wistar rats (Moshtagh et al., 2018). 
On the other side, Lee et al. (2011) studied the 
histology of medial knee joints of treadmill-run-
ning Wistar rats using a modified Mankin system 
(MMS) and Osteoarthritis Research Society In-
ternational (OARSI) scores. MMS scores showed 
a greater prevalence of mild OA at 6 weeks and 
moderate OA at 10 weeks in the exercise group 
than in the control group. There were significant-
ly higher OARSI scores in the exercise group than 
the control group at 10 weeks for both femoral 
and tibial cartilages. Therefore, this literature rec-

ognized that treadmill-running exercise can lead 
to the development of OA in rats (Lee et al., 2011). 
As the evidence regarding the effects of exercises 
on cartilage is enormous, literature on improving 
chondrocytes number is limited. Therefore, this 
study aims to determine the effects of endurance 
resistance exercise on the cellularity of knee joint 
hyaline cartilages and fibrocartilage in young 
male rats.

MATERIALS AND METHODS

Animal model selection and study setting

Young male Sprague Dawley rats were obtained 
from the Animal House of the International Cen-
tre for Chemical and Biological Sciences, Univer-
sity of Karachi. They were kept in cages at room 
temperature while maintaining a day and night 
cycle and were given ad libitum water and feed at 
Ziauddin College of Rehabilitation Sciences. The 
rats performed the exercise training at the same 
location. The histological procedures and mi-
croscopic examination of slides were performed 
at the Cell Biology and Histology Lab, MDRL-2, 
Ziauddin University, Clifton Campus. Sprague 
Dawley healthy young growing male rats and rats 
weighing 200 to 300 grams were included. Un-
healthy rats having ambulation problems or any 
injury were excluded. 

Randomization

A total of n=12 healthy young male Sprague 
Dawley rats weighing 200 to 300 grams were 
equally divided into two groups: Endurance re-
sistance training (ERT) and Sedentary or Control 
(C) through simple random sampling technique 
(Charan and Biswas, 2013; Luciano et al., 2017).

Interventions Protocol

Generally, all the male rats enrolled in the ERT 
climbed the ladder carrying the load, which was 
tied to the proximal end of the tail. Height was 
110 cm with 80° inclination and 2 cm distance be-
tween the steps (Neto et al., 2019). For ERT, initial-
ly, a one-week adaptation period was completed 
carrying 5% of individual body weight with 3 sets. 
The initial load to be carried and sets from week 2 
were 10% and 3 sets, then progressed to 20% and 
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4 sets, 30% and 5 sets, and 40% of the body weight 
and 6 sets every week till week 5. There were 12-
15 repetitions per set and 2-minute intervals in 
between. For Control, no training was done. At the 
end of the 5th week, all rats were euthanized with-
in 48 hours. The total training protocol period was 
5 weeks, including an initial one-week adaptation 
period for the exercise group (Mazor et al., 2019). 
The frequency of exercise training was 5 days per 
week, excluding weekends. Each training ses-
sion’s duration was 30 minutes.

Histological Evaluation

The knee joints were harvested en bloc by dis-
secting the shaft of lower limbs from the shaft of 
the femur to the shaft of the tibia/fibula. The har-
vested cartilage tissues were kept in a sealed plas-
tic jar containing Bouin’s fixative, and bone decal-
cification was done. The tissues were dehydrated 
with alcohol, cleared with xylene and fixed in par-
affin. 0.4 um sections were taken on glass slides, 
and Haematoxylin and Eosin (H&E) staining was 
performed. After mounting the tissue, the slides 
were examined under a Nikon INTENSE LIGHT 
C-HGFI microscope. Microscopic images were an-
alysed, and morphometry was performed by us-
ing NIS Elements software. The number of chon-

drocytes per lacuna was assessed in fibrocartilage 
and hyaline cartilages of the femur and tibia.

Data Analysis

The analysis was performed on SPSS (Statis-
tical Package for Social Sciences) version 25. All 
numerical variables were expressed in mean and 
standard deviation. An independent sample t-test 
was applied to compare numerical variables. A 
p-value of <0.05 was considered significant in all 
statistical values.

Ethical Considerations

Ethical approval was obtained from the Animal 
Ethics Committee of Ziauddin University (Pro-
tocol No#2022-06/KY/ZCRS) before starting re-
search. The protocols of animal ethics were fol-
lowed throughout the intervention.

RESULTS
The effects of exercises on fibrocartilages were 

identified, and the findings were analysed on the 
number of chondrocytes per lacuna. The results 
provided evidence that the outcome measure was 
significantly p<0.05 better in the experimental 
group. (Table 1, Figs. 1a and 2).

Fig. 1.- Graphically depicts the significant difference between the number of chondrocytes in fibrocartilage and tibial hyaline car-
tilage between the two groups (a, c). It also shows the no significant difference in number of chondrocytes per lacuna in femoral 
hyaline cartilage between the two groups (b).
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Table 1. Represents the number of chondrocytes per lacuna in fibrocartilage, femoral hyaline cartilage and tibial hyaline cartilage. 
It was found to be significantly greater in the fibrocartilages and tibial hyaline cartilages of the exercise group. No significant differ-
ences were noted in the number of chondrocytes of femoral hyaline cartilages between the two groups.

Effects of Endurance Resistance Exercises on Knee Cartilage

Variables Sample Size
(n)

No. of Chondrocytes 
p-valueExercise Group

(Mean±S.D)
Control Group 
(Mean±S.D)

Fibrocartilage 12 1.580 ± 0.19 1.331 ± 0.04 0.0003*

Femoral Hyaline Cartilage 12 1.678 ± 0.18 1.533 ± 0.17 0.0538

Tibial Hyaline Cartilage 12 1.618 ± 0.09 1.509 ± 0.1 0.0199*

Fig. 2.- Shows difference between the number of chondrocytes per lacuna in knee joint fibrocartilage between the two groups (A, B).

Fig. 3.- Shows difference between the number of chondrocytes per lacuna in knee joint femoral hyaline cartilage between the two 
groups (A, B).
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Further femoral hyaline cartilage analyses 
were performed, and the findings revealed that 
for the number of chondrocytes per lacuna, an 
insignificant p-value was observed. (Table 1, 
Figs. 1b and 3).

Analyses of the effects of exercises on tibial hy-
aline cartilage were performed, and the findings 
revealed that a significant p<0.05 was observed in 
the number of chondrocytes per lacuna. (Table 1, 
Figs. 1c and 4).

DISCUSSION
We carried out this study to quantitatively anal-

yse the effects of exercise on knee joint cartilage 
cellularity. The exercise group significantly out-
performed the control group regarding the num-
ber of chondrocytes per lacuna in fibrocartilage. 
However, in the study of the femoral hyaline car-
tilage, the number of chondrocytes per lacuna did 
not differ between the groups. On the contrary, 
tibial hyaline cartilage examination showed sig-
nificant changes in the number of chondrocytes 
per lacuna. Our results show potential advantages 
for cartilage health and integrity by showing that 
the endurance resistance exercise intervention 
favoured both fibrocartilage and hyaline cartilage 

in the tibia bones. The more enormous ramifica-
tions of these findings require more investigation, 
particularly about osteoarthritis and joint health, 
using both animal models and maybe human ex-
periments.

A study examined the effects of two prevalent 
physical activities—walking on a treadmill and 
swimming—on a mechanical model of osteoar-
thritis (OA), and observed how both affected mor-
phological factors associated with OA. Forty-eight 
male Wistar rats were used in the experiment, and 
they were divided into four groups for the study: 
Sham (no OA induction), Osteoarthritis (OA), OA + 
Treadmill (T), and OA + Swimming (S). The find-
ings revealed that the number of chondrocytes 
per lacuna was significantly reduced in the OA 
and OA + S groups than in the Sham group (p < 
0.05), pointing to a detrimental influence on the 
health of the cartilage. However, compared to the 
OA group, the OA + T group showed a significant 
increase in the number of chondrocytes per lacu-
na (p<0.001), indicating that treadmill exercise 
may have a positive effect on chondrocyte count 
in this OA model (da Silva et al., 2023). Similarly 
in our study, the number of chondrocytes within 
the fibrocartilages of both knees appears to have 
increased as a result of the exercise intervention, 

Fig. 4.- Shows difference between the number of chondrocytes per lacuna in knee joint tibial hyaline cartilage between the two 
groups (A, B).
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which suggests that physical activity may enhance 
the integrity and health of knee fibrocartilage.

Another study found how Wistar rats with ex-
perimental rheumatoid arthritis (RA) responded 
to low-level laser treatment (LLLT), stair climbing 
exercise, and their combination. Eight groups of 
male Wistar rats were created: controls with LLLT, 
controls with exercise, controls with both LLLT 
and exercise, arthritis only, arthritis with LLLT, 
arthritis with exercise, and both LLLT and exer-
cise for arthritis. There were five rats per group. 
According to the findings, the arthritis exercise 
group had more chondrocytes in its tibia and ta-
lus than the other groups (Retameiro et al., 2022). 
Comparatively, the number of chondrocytes in 
the femoral hyaline cartilage was not statistically 
significantly affected by exercise. Because of this, 
it does not seem that the exercise intervention in 
this study had the same effect on this specific type 
of cartilage as it did on the knee fibrocartilage. 

Furthermore, researchers investigated how an 
8-week, moderate-intensity treadmill aerobic 
training program affected rats with knee osteoar-
thritis (kOA)-like alterations caused by monosodi-
um iodoacetate (MIA) in a study involving 27 rats. 
Three groups of rats were generated: SHAM (Con-
trol), kOA (induced), and kOA with aerobic exer-
cise (OAE). According to the study, the number 
of chondrocytes in the rats in the OAE group de-
creased by 35%, showing that these crucial cells 
were preserved. Additionally, in rats with gener-
ated kOA-like alterations, aerobic training con-
trolled inflammatory biomarkers and enhanced 
motor function. Overall, the results indicate a 
potential role for moderate-intensity aerobic ex-
ercise in preserving chondrocytes and improving 
kOA-like outcomes (Martins et al., 2019). Howev-
er, exercise had a statistically significant impact 
on the number of chondrocytes in the tibial hya-
line cartilage for this study.

Our study and the other studies show that the 
effects of exercise on chondrocyte count depend 
on many variables, including the type of exercise, 
the selected animal model (OA, RA, or kOA-like), 
and the kind of cartilage being studied (fibrocar-
tilage or hyaline cartilage). Even though our study 
positively impacted the knee’s fibrocartilage and 
tibial hyaline cartilage, other studies on OA, RA, 

and hyaline cartilage also reported favourable 
outcomes in different conditions. These varia-
tions emphasize the need for particular workout 
suggestions based on the state and type of carti-
lage. Additionally, they emphasize the potential 
advantages of exercise in maintaining the health 
of chondrocytes and cartilage in various arthri-
tis-related disorders, but the underlying mecha-
nisms may vary. More study is required to clarify 
these pathways and direct practical applicability 
for human patients. 

The study has particular strengths, such as the 
use of young male rats as a controlled animal 
model, allowing researchers to evaluate the ef-
fects of exercise on knee joint cartilage histology 
without the difficulties of using human partici-
pants. In addition, the young rats were more like-
ly to engage in physical activity. The investigator 
also conducted a thorough microscopic evalua-
tion of the knee joint’s cartilage that advances the 
knowledge of exercise effects, essential for devel-
oping exercise regimens and therapies for carti-
lage health. The study’s conclusions are exclusive 
to the small sample of young male rats, which re-
stricts the applicability of the findings to human 
populations. Also, there was no difference in age, 
gender, or species among the young male rats uti-
lized in the study, making it difficult to extrapolate 
the results to a larger population. 

Furthermore, the study’s short length may not 
reflect the long-term effects of endurance resis-
tance exercise on the viability of the identified 
changes. Since there was no activity-free control 
group in the study, it was not easy to separate 
the effects of exercise from other possible fac-
tors impacting cartilage health. Future studies 
may include functional tests that give a complete 
picture of how exercise affects cartilage with evi-
dence-based trials with larger samples that might 
transfer into clinical recommendations for hu-
man exercise programs.

Endurance resistance exercise does increase 
the cellularity of knee joint cartilages. This in-
crease is more prominently and specifically seen 
in fibrocartilage and tibial hyaline cartilage. This 
study implicates the protective role of resistance 
exercise on the morphology of these cartilages.  
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SUMMARY
Multiple Sclerosis (MS) is one of the most com-

mon forms of the acquired autoimmune demye-
linating disorder affecting the brain. The neuro-
logical symptoms of MS are often presented in a 
relapsing-remitting manner. This study aims to 
investigate volume changes in the hippocampus 
and Corpus Callosum (CC). A cross-sectional study 
was conducted on 200 MS patients, 100 males 
and 100 females, aged 20-56 years. According 
to McDonald’s 2017 criteria,100 patients were in 
the MS group, and 100 were in the control group. 
This study assessed volume changes in the hip-
pocampus and CC with ITK-SNAP 4.0 software. 
Our study revealed that the volumes of the right 

Hippocampus (P<0.0001), left Hippocampus 
(P<0.05), and corpus callosum (P<0.001), were 
significantly decreased in MS group compared 
to control group, regardless of the sex of the pa-
tients. Additionally, our results showed that the 
volume of these three areas has no significant dif-
ference with the age of MS patients. This research 
shows that some brain regions, including the hip-
pocampus and corpus callosum, can be essential 
landmarks in determining MS disease.
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INTRODUCTION
Multiple Sclerosis (MS) is the most common 

form of the acquired autoimmune demyelinating 
disorder of the brain. In 2007, the global popu-
lation of individuals with multiple sclerosis (MS) 
reached 2 million, and the prevalence of the dis-
ease has been on the rise in various regions across 
the world in recent years (Doerksen et al., 2007; 
Koch-Henriksen and Sorensen, 2011). The inci-
dence rate of MS has shown an upward trend in 
many areas, including the Middle East and Iran. 
Ecological studies have estimated the prevalence 
to be 24.6/100,000 in Iran in 2006, increasing to 
44.53/100,000 in 2011 (Dehghani et al., 2015). 
Urban lifestyle, and more significantly, smoking, 
have been identified as contributing factors (De-
hghani et al., 2015). The neurological symptoms 
of MS are often presented in a relapsing-remitting 
pattern, encompassing a range of presentations, 
including blurred vision, diplopia, focal weakness, 
sensory disturbance, ataxia, bladder dysfunction, 
impaired cognitive abilities of the brain, or even 
psychiatric symptoms, which are common (Garg 
et al., 2015; Honeycutt and Smith, 1995).

Multiple Sclerosis (MS) is a chronic condition 
characterized by a variable natural history. In 
Relapsing-Remitting MS (RRMS), clinical relaps-
es mark the onset, with subsequent periods of 
recovery that may be either complete or partial. 
However, over time, disability tends to accumulate, 
and the recoveries often become incomplete. Ap-
proximately 20% of individuals with RRMS even-
tually experience a transition to Secondary-Pro-
gressive MS (SPMS) during the course of the 
disease (Cree et al., 2016). In contrast, a minority 
of patients, around 15%, exhibit a progression of 
disability from the outset, a condition known as 
Primary-Progressive MS (PPMS). Notably, recent 
advancements in Disease-Modifying Treatments 
(DMTs) have contributed to an improvement in 
life expectancy and outcomes for individuals di-
agnosed with MS in more recent cohorts (McGin-
ley et al., 2021; Marrie et al., 2015).

When a patient presents with neurological 
manifestations suggestive of MS, brain Magnetic 
Resonance Imaging (MRI) becomes pivotal for di-
agnosing and disease monitoring. This emphasis 
on MRI for diagnosis and monitoring has been 

underscored by the 2017 McDonald Criteria (Ka-
lincik et al., 2012).

Among numerous diagnostic landmarks for MS, 
the Corpus Callosum (CC) holds a special place. CC 
is a commissural structure connecting the cortices 
of the two cerebral hemispheres. The CC is divid-
ed into rostrum, genu, body, and splenium in the 
sagittal plane from anterior to posterior. Recent 
advances in imaging technologies have revealed 
a lobe-specific structural connectivity gradient 
along the CC, reshaping our understanding of this 
brain region (Garg et al., 2015). The specific arteri-
al supply to the CC renders it relatively resistant to 
chronic small vessel ischemia, as the many pene-
trating arterioles contributing to the circulation of 
CC show resistance to atherosclerosis (Garg et al., 
2015). This makes the lesions in this region often 
specific to inflammatory processes, including MS. 
Abnormalities within the CC are observed in 55% 
to 95% of the patients. These CC lesions are di-
verse, but progressive CC atrophy in MS is known 
to correlate with disability and cognitive dysfunc-
tion (Garg et al., 2015; Kalincik et al., 2012; Llufriu 
et al., 2019; Honeycutt and Smith, 1995).

The hippocampus, situated in the temporal 
lobe, is a complex structure with distinct anatom-
ical and functional features. It plays an important 
role in learning and memory (Anand and Dhikav, 
2012). Studies utilizing MRI have enabled the 
specification of hippocampal morphology and its 
connections with other brain regions, linking these 
features to clinical and behavioural performances 
(Mey et al., 2023).

While there are relatively few studies investigat-
ing hippocampal alterations in MS, understanding 
the radiologic characteristics of the hippocam-
pus in the progress of the disease may provide 
valuable insights into the relationships between 
hippocampal subfield changes and neurologi-
cal presentations, particularly cognitive impair-
ments. Furthermore, research has consistently 
demonstrated that age, sex, and race can influ-
ence various aspects of brain anatomy, including 
the hippocampus and corpus callosum (Caldito et 
al., 2018; Tokarska et al., 2023).

Given the limited number of studies conducted 
in the Iranian population, our study aims to com-
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pare the volumes of the corpus callosum and hip-
pocampus in the brain MRI of Iranian MS patients 
relative to healthy individuals. The results of this 
study may pave the way for future research, con-
tributing to the development of radiological stan-
dards for accurate diagnosis and the assessment 
of MS severity while enhancing our understand-
ing of the disease’s nature.

MATERIALS AND METHODS
This cross-sectional study was conducted in the 

Radiology Department of Shahid Beheshti Uni-
versity of Medical Sciences. This study extended 
between March 2022 to March 2023 and received 
approval from the Student Research Committee at 
Shahid Beheshti University of Medical Sciences 
(IR.SBMU.RETECH.REC.1401.777).

Participants

We recruited a total number of 100 MS patients, 
maintaining an equal gender distribution, with 
participants aged between 20 and 56 years. In-
clusion criteria encompassed individuals aged 
18 years and older who met the McDonald’s 2017 
criteria. Exclusion criteria involved patients with 
positive imaging findings, as well as those with 
neurological or cognitive disorders stemming 
from conditions such as brain or spinal cord isch-
emia, tumours, infectious diseases impacting the 
neurological system, genetic disorders, systemic 
autoimmune disorders, brain or spinal trauma, 
or drug abuse affecting the neurological system. 
All images were reviewed and approved by ex-
perienced radiologists. The individuals responsi-
ble for brain region size measurement and image 
analysis were blinded to the disease, state, gen-
der, and other personal information regarding the 
participants. Additionally, we randomly selected 
100 healthy patients who had sought medical at-
tention for headaches as the control group.

Magnetic Resonance Imaging (MRI) of the Brain

MRI scans were conducted in our Imaging De-
partment using the Siemens 1.5T system from 
Siemens Medical Systems, Germany.

Routine brain MRI protocols included axi-
al (T1WI and T2WI), coronal PDWI, and sagittal 

T1WI. A 3D T1WI sequence was performed with 
a slice thickness of 0.5 mm and slice spacing of 
0 mm. The study images were converted into DI-
COM format and transferred to a personal comput-
er (PC) workstation equipped with ITK-SNAP 4.0 
software. ITK-SNAP 4.0 is an open-source soft-
ware package designed for visualization and com-
putation on medical images. It was developed by 
student teams led by Guido Gerig at the University 
of North Carolina, in collaboration with NYU Tan-
den School of Engineering. Notably user-friendly, 
this tool finds specific application in the field of 
image segmentation. Its primary function is to fa-
cilitate the reliable morphometry of structures of 
interest through manual methods.

Image Analysis

The structures scrutinized in this study included 
the total part of Hippocampus and CC. Volumetric 
analysis was conducted on the 3D T1-weighted 
images in both axial and sagittal planes. Manual 
tracing was drawn around the boundaries of the 
hippocampi and CC (Fig. 1). These boundaries 
were established according to anatomical land-
marks on each slice based on accepted conven-
tions derived from those used in the literature and 
from comparison with standard brain atlases (Mo-
relli et al., 2020). The area within the boundary 
was calculated and multiplied by slice thickness 
to obtain volumetric measurement (cm3).

Statistical analysis

All statistical analyses were executed using 
SPSS version 23, and graphs were plotted with 
Graph Pad Prism 9. Data are presented as mean 
± SD. The normality of all data was assessed using 
Kolmogorov–Smirnov test.

A two-way ANOVA and Tukey’s post-hoc test 
was employed to evaluate mean differences be-
tween groups, categorized based on two inde-
pendent variables, and to assess the interaction 
effect between these variables—specifically, sex 
and the state of disease. The correlation between 
variables, the volume of regions and the age of MS 
patients, were examined using the Pearson cor-
relation coefficient (PCC). A significance level of 
P < 0.05 was considered to determine statistical 
significance in the analyses.
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RESULTS

Participants

All MS patients were included in the study based 
on McDonald’s 2017 criteria. Th analysis included 
100 healthy patients (50 males and 50 females) 
and 100 MS patients (50 males and 50 females) 
were analysed. The mean ± SD age of patients in 
the control and MS group was (39.02±11.87) and 
(39.46±9.67) years, respectively (Table1).

Table 1. Demographic statistics.

Variables
Mean±SD

Control MS

Age 39.02±11.87 39.46±9.67

Gender
Male 50 (38.34±9.34) 50 (38.82±8.99)

Female 50 (39.7±13.98) 50 (40.10±10.36)

Total 100 100

Volumetric assessment in experimental groups

In this study, the volume of the right hippocam-
pus in the control and MS groups was (3.18±4.56) 
and (2.42±5.58) cm3, respectively. Moreover, the 
volume of the left hippocampus in the control 
and MS group was (3.16±1.97) and (2.75±4.52) 
cm3, respectively. Also, the volume of the cor-

pus callosum in the control and MS groups was 
(16.54±5.30) and (12.40±10.4) cm3, respectively. 
The Results from the volumetric assessment indi-
cated a significant decrease in the volume of the 
right hippocampus (F=140.767, df=1, P=0.000), 
left hippocampus (F=4.083, df=1, P<0.045), and 
corpus callosum (F=12.668, df=1, P=0.000) in the 
MS group compared to the control group (Table 2).

Table 2. Results and comparison of mean volume three brain 
regions in experimental groups (cm3).

Regions
Mean±SD

F (df=1) pControl 
(n=100)

MS 
(n=100)

Right 
Hippocampus 
Volume

3.18±4.56 2.42±5.58 140.767 0.000

Left 
Hippocampus 
Volume

3.16±1.97 2.75±4.52 4.083 <0.045

Corpus 
Callosum 
Volume

16.54±5.30 12.40±10.4 12.668 0.000

Volumetric assessment in both sexes

Volumetric assessment was done in both sex-
es. This assessment showed that the right hip-
pocampus volume in the males and females 
was (3.07±45.63) and (2.53±45.63) cm3, respec-
tively. Moreover, the left hippocampus volume 
in the males and females was (3.01±14.40) and 

Fig. 1.- Example of manual segmentation in the control group. a) sagittal view of the corpus callosum segmentation. b) coronal view 
of the hippocampus segmentation.
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(2.90±14.40) cm3, respectively. Furthermore, the 
corpus callosum volume in males and females 
was (13.63±82.08) and (15.61±82.08) cm3, respec-
tively. A significant sex difference was observed in 
the volume of the right hippocampus (F=69.956, 
df=1, P=0.000) and corpus callosum (F=3.885, 
df=1, P<0.050), with the right hippocampus vol-
ume being lower in females and the corpus cal-
losum volume being lower in males. However, no 
significant difference (F=0.340, df=1, P<0.561) 
was detected in the left hippocampus volume be-
tween males and females (Table 3).

Table 3. Results and comparison of mean volume three brain 
regions in both sexes (cm3).

Regions

Mean±SD
F 

(df=1) PMale 
(n=100)

Female 
(n=100)

Right 
Hippocampus 
Volume

3.07±45.63 2.53±45.63 69.956 0.000

Left 
Hippocampus 
Volume

3.01±14.40 2.90±14.40 0.340 <0.561

Corpus 
Callosum 
Volume

13.33±82.08 15.61±82.08 3.885 <0.050

Interaction Effect of sex and pathology in Vol-
ume regions

The two-way ANOVA test results indicated no 
significant difference in the interaction effect of 
sex and pathology on the volume of the right 
(F=0.707, df=1, P<0.40) and left hippocampus 
(F=0.297, df=1, P<0.58) and corpus callosum 
(F=0.970, df=1, P<0.32; Table 4).

Assessment of the correlation between volume 
regions and age patients

This assessment aimed to determine the cor-
relation between the volume of regions and the 
age of MS patients. The correlation between the 
volume of the right hippocampus (r= 0.0494), left 
hippocampus (r=0.0646), and corpus callosum 
(r=0.0016) with age patients was investigated us-
ing Pearson’s correlation coefficient. This assess-
ment showed that the volume of these three areas 
has no significant difference with the age of MS 
patients (P >0.05; Table 5).

Table 5. Pearson correlation between volume regions and age 
patients.

Regions
Age

R P

Right Hippocampus Volume 0.0494  0.62

Left Hippocampus Volume 0.0646 0.52

Corpus Callosum Volume 0.0016 0.98

DISCUSSION
In this study, we did a volumetric analysis of 

brain images of patients with MS to investigate 
the sizes of two cortical brain structures, namely, 
the corpus callosum and the hippocampus, com-
pared to those in healthy controls. In our current 
study, we had undertaken an analysis to explore 
the connection between the volume of the hippo-
campus and corpus callosum among individuals 
of varying ages and genders.

The findings of this study will provide some 
valuable intuitions into the alteration of these re-
gions in the background of MS, shedding light on 
potential implications of the pathophysiology of 
the disease.

Table 4. Results of interaction effect of sex and pathology in volume regions (cm3).

Regions

Mean±SD
F 

(df=1) PMale (n=100) Female (n=100)

Control (n=50) MS (n=50) Control (n=50) MS (n=50)

Right Hippocampus Volume 3.42±64.53 2.71±64.53 2.94±64.53 2.12±64.53 0.707 <0.40

Left Hippocampus Volume 3.17±20.36 2.86±20.36  3.16±20.36 2.63±20.36 0.297 <0.58

Corpus Callosum Volume 15.96±11.60 10.69±11.60 17.11±11.60 14.12±11.60   0.970 <0.32
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A pivotal finding in our study was the notable 
reduction in the measure of the right and the left 
hippocampus in the MS group, which aligns with 
many other previous researches (Mey et al., 2023; 
Morelli et al., 2020; Naghavi et al., 2023). The ob-
served hippocampal atrophy signifies the intrinsic 
neural alterations, encompassing demyelination 
and neural degeneration, that transpire through-
out the progression of multiple sclerosis (Mey et 
al., 2023).

Pelletier et al. (2001) demonstrated that hippo-
campal atrophy may indicate a progressive cogni-
tive decline, particularly in the left hippocampus. 
The hippocampal volume is linked to cognitive 
reserve measurements. Throughout the disease, 
the correlation between atrophy in hippocampal 
subfields and Information Processing Speed (IPS) 
appears to intensify (Planche et al., 2018; Platten 
et al., 2022; Sotgiu et al., 2022).

Another notable finding from our investigation 
was the shrinkage of the corpus callosum. This 
outcome also aligns with the existing body of ev-
idence (Sparaco et al., 2021; Llufriu et al., 2019). 
Prompt identification of callosal atrophy in pa-
tients during their initial demyelination episode 
can predict their progression to MS (Sumowski et 
al., 2016; Thompson et al., 2018). The precise im-
pact of corpus callosum (CC) atrophy on the dis-
ability of patients with MS remains elusive. While 
specific studies posit a correlation between CC 
atrophy and disability, contrasting perspectives 
exist (Yaldizli et al., 2010).

The fundamental mechanisms underlying hip-
pocampal atrophy in the brains of patients with 
MS are intricately complex, involving factors such 
as the depletion of synaptic proteins and microg-
lial responses triggered by complement activa-
tion in response to axonal demyelination and 
injury, among other contributing elements. This 
notable hippocampal atrophy, particularly in the 
CA1 region, has been observed to align with a de-
cline in performance on memory-related tasks. 
The capacity of learning is also compromised 
(Zhao et al., 2021). Corpus callosum atrophy is 
also attributed to distinct inflammatory cellular 
responses, which precipitate the demise of oligo-
dendrocytes (Zheng et al., 2022).

Our study found that the volume of the right hip-
pocampi differed significantly between males and 
females. Specifically, the hippocampi in males 
were larger than those in females. Indeed, this 
discovery aligns with the findings of other stud-
ies that have explored sex-specific differences 
in the brains (Ruigrok et al., 2014). Researchers 
have identified that factors, including menstrual 
cycle, hormonal therapy, genotype, and testoster-
one levels, can affect the hippocampus volume in 
males and females (Lisofsky et al., 2015; Everaerd 
et al., 2012). However, we have not found signifi-
cant differences in the left hippocampus volume 
between males and females.

Our study results indicated that CC volume in 
females was more significant than in males. This 
discovery aligns with other research finding that 
CC volume in females was more significant than in 
males (Shiino et al., 2017). However, Luders et al. 
(2014) have shown the opposite results. Several 
studies have shown that the gender difference in 
the volume of the corpus callosum can be due to 
the size of the brain (Ardekani et al., 2013).

The results of the literature corroborate our 
findings, suggesting that compromised hippo-
campal tissue integrity early in the course of MS 
results in diminished whole and regional hippo-
campal volumes, although our study specifically 
assessed the whole hippocampal volume (Sicotte 
et al., 2008; Longoni et al., 2015; Ciolac et al., 
2021).

When assessing the interaction effect of sex and 
the disease state (MS or control) on the volume of 
the regions of interest, our statistical analysis re-
vealed no significant differences in the volume of 
the right and left hippocampus, as well as the cor-
pus callosum. In simpler terms, within our study 
cohort, there was no significant difference in the 
impact of disease status on regional volumes be-
tween females and males.

Studies on sex differences in corpus callosum 
volumetric indices in patients with MS are cur-
rently lacking.

In a paper published in 2021, Ciolac et al. eval-
uated the morphometric networks of the hippo-
campus, its anatomic compartments, and their 
impact on cognitive performance in both gen-
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ders. The results of their study indicate a more 
clustered architecture in females with MS com-
pared to males, both at baseline and after a 2-year 
follow-up. Interestingly, other available studies 
on sex differences in brain networks in MS pa-
tients did not report any significant distinctions 
between males and females (Ciolac et al., 2021; 
Schoonheim et al., 2012). It is worth noting that 
there may be regional, sex-specific changes in 
the hippocampus for both males and females, as 
highlighted by Ciolac et al. (2021).

Notably, there is a gap in the literature regard-
ing studies on sex differences in callosal volume 
in MS patients. Among the limited research avail-
able, the results have shown a consistent pattern 
of similarity in terms of sex differences in the cor-
pus callosum among MS patients with our study 
(Khasawneh, 2023).

Regarding age, our research found no signifi-
cant correlation between the volume of the three 
areas of interest in MS patients. The relationship 
between a patient’s age and the size of the brain 
regions involved in the disease is not established. 
Further investigations are needed to explore this 
relationship, as there is currently a lack of com-
prehensive literature on the subject.

While our study offers valuable insights into 
the volumetric measurements of the hippocam-
pus and corpus callosum in patients with MS 
compared to a healthy population, we acknowl-
edge the limitations inherent to our study design. 
Firstly, the small sample size may limit the gener-
alizability of our results. Additionally, our study 
exclusively focused on size measurements of the 
regions of interest, potentially constraining our 
understanding of the underlying pathophysiology 
driving these changes.

Unfortunately, our study did not specifically 
explore subregional variations within the hip-
pocampus. Furthermore, exploring the natural 
progression of the disease would enhance our 
insights into the relationship between Multiple 
Sclerosis and the morphological changes in the 
hippocampus and corpus callosum.

Conducting longitudinal studies with larger and 
more diverse cohorts and delving into molecular 
and cellular-level investigations could significant-

ly enhance our comprehension of the underlying 
nature of the disease in the future.

In summary, it is evident that patients with MS 
exhibit a decrease in the volume of both the Hip-
pocampus and Corpus Callosum. The outcomes of 
this study, in conjunction with findings from oth-
er investigations, contribute to the advancement 
of our comprehension regarding the underlying 
disease mechanisms. This collective knowledge 
holds the potential to refine prognostic assess-
ments and pave the way for innovative therapeu-
tic approaches.

CONCLUSION
The results of our study show that some of the 

brain regions, including the hippocampus and 
corpus callosum, can be essential landmarks in 
determining MS disease. These structures can re-
late to variables including age and sex, which can 
give doctors a better view of the disease. More-
over, it can provide neurologists with comprehen-
sive information about some diseases, including 
Alzheimer’s.
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SUMMARY
Pelvic floor disorders (PFDs) are a common rea-

son for urogynaecological consultation around 
the world, especially in elderly women. These 
disorders have been associated with disruption 
to the structural integrity of the pelvic floor. This 
study explored whether there are variations in 
pelvic floor muscle (PFM) thickness in relation to 
parity, population group and age. Additionally, the 
study explored whether there were any correla-
tions between PFM thickness and the bony pelvic 
parameters measured. This was a quantitative 
retrospective analysis of computerised tomogra-
phy (CT) scans. A total of 125 CT scans of women 
belonging to black and white South African pop-
ulation groups were sampled from a tertiary hos-
pital in Pretoria, South Africa. Statistical analyses 
were performed using Paleontological Statistics 
(PAST). A thicker pelvic floor was noted in black 
compared to white women. Pelvic floor thickness 
decreased with parity and age in both population 
groups. The intertuberous diameter, as well as the 
surface areas of the urogenital triangle and the 
perineum, were statistically significantly larger in 
white than in black women. Correlations between 

PFM thickness and bony dimensions were statis-
tically significant for anteroposterior (AP) pelvic 
outlet diameter, where a greater AP outlet was as-
sociated with thinner PFMs in black women. Bony 
correlations with parity showed that the interspi-
nous diameter in black women increased signifi-
cantly with parity. The variations in bony pelvic 
dimensions and pelvic floor muscle thicknesses 
noted between population groups, in addition to 
the co-factors of parity and aging, will contribute 
to a better understanding of the anatomical rea-
sons for incontinence.

Key words: Bony pelvic outlet – Clinical anat-
omy – Obstetrics and gynaecology – Pelvic floor 
– Pelvic floor disorders

INTRODUCTION
The pelvic floor is functionally important for 

the support of pelvic organs (García del Salto et 
al., 2014; Muro et al., 2024), as well as the main-
tenance of faecal and urinary continence (Miller 
et al., 2010; Betschart et al., 2014). Studies have 
shown that thicker pelvic floor muscles are relat-
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ed to stronger muscle strength and, consequent-
ly, stronger pelvic support (Brækken et al., 2010, 
2014). Weakness of these supporting structures 
may lead to pelvic floor disorders (PFDs) such as 
pelvic organ prolapse, faecal and urinary inconti-
nence (Fielding, 2008; Dufour et al., 2018; Law and 
Blomquist et al., 2020). The integrity of pelvic floor 
support structures has been found to be influenced 
by various factors such as age (Wente and Dolan, 
2018), parity (Özdemır et al., 2015; Hwang et al., 
2019) and population group (Handa et al., 2008).

Anatomical variations in the dimensions of the 
bony pelvic outlet linked to the incidence of PFDs 
have been reported (Handa et al., 2008). These 
variations have been noted between different pop-
ulation groups: white American compared with 
African American women (Handa et al., 2008) 
and between South African (SA) white compared 
with SA black women (Jagesur, 2022). These bony 
dimensions include subpubic angles, interspi-
nous diameters and the anteroposterior (AP) pel-
vic outlet. The subpubic angles and interspinous 
diameters were reportedly greater in white SA 
when compared to black SA women (Jagesur et 
al., 2017) and in white American when compared 
to African American women (Handa et al., 2008). 
The AP pelvic outlet distance was smaller in white 
SA compared to black SA women (Jagesur et al., 
2017) and in white American compared to African 
American women (Handa et al., 2008).

Other population variations contributing to the 
pathophysiology of PFDs have been reported. A 
study by Abdool et al. (2017) reported that there 
exist significant variations in levator hiatal area 
and pelvic organ mobility between South Asian, 
Black and those from western European ances-
try, where black nulliparous women showed in-
creased levator hiatal dimensions and pelvic 
organ mobility compared with other population 
groups. They also observed significant variations 
between populations in stages of pelvic organ 
prolapse, where South Asians had a lower levator 
ani avulsion rate than the other two population 
groups. This is the first study evaluating bony pel-
vic dimensions versus pelvic floor muscle thick-
ness between population groups.

This study aimed to explore whether there is an 
association between bony pelvic outlet dimen-

sions and the thickness of the pelvic floor, and 
to ascertain whether there is any variation with 
co-factors (age, population group or parity). Pop-
ulation group assignment was based on the pa-
tient’s surname (Morales, 2021) and verified by 
photo identification, as population group is not 
routinely collected and was therefore not avail-
able in retrospective records. These relationships 
were investigated using computerised tomogra-
phy (CT) scans. Computerised tomography scans 
have been reported to be sufficient for the illus-
tration of pelvic floor anatomy (Jorge and Busta-
mante-Lopez, 2022).

The results of this study are envisaged to pro-
vide crucial information towards a better under-
standing of the morphological factors influencing 
PFDs such as skeletal and muscular factors, with 
reference to parity, population group and aging.

MATERIALS AND METHODS
A total of 125 retrospectively collected pelvic 

CT scans of female patients were sampled from 
Steve Biko Academic Hospital, a tertiary hospital 
in Pretoria, South Africa. The sample was distrib-
uted according to parity and population group: 75 
SA black women (28 nulliparous, 47 multiparous) 
and 50 SA white women (10 nulliparous, 40 mul-
tiparous). Parity subgroups were also considered 
where the sample was further categorised based 
on the number of children they had. The ages of 
women included in the study ranged between 18 
years and 90 years. Patients that demonstrated 
any pelvic pathology, surgical alteration, skeletal 
abnormality or deformity were excluded.

Mevislab software (Heckel et al., 2009) was used 
to create 3D models of the imported CT scan data 
and to capture 3D points. The bony landmarks 
used for the parameters of interest were: tips of 
the ischial spine left (ISL) and ischial spine right 
(ISR), most inferior points of the ischial tuberosity 
left (ITL) and ischial tuberosity right (ITR), mid-is-
chiopubic ramus left (MIPL) and mid-ischiopu-
bic ramus right (MIPR), pubic symphysis (PS), as 
well as the coccyx (C). The bony parameters that 
were measured were: 1) interspinous diameter 
between ISL and ISR; 2) intertuberous diameter 
between ITL and ITR; 3) subpubic angle (angle of 
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the subpubic arch), angle formed at inferior point 
of PS between MIPL and MIPR; 4) antero-posteri-
or pelvic outlet (AP outlet), distance between the 
most inferior PS and tip of coccyx; 5) urogenital 
triangle, formed between PS and intertuberous 
diameter and lastly, 6) perineum, formed between 
PS and intertuberous diameter and tip of coccyx.

Distances between two 3D landmarks (x1y1z1 

and x2y2z2) were calculated using the Pythagore-
an theorem (Katherine-Spradley and Jantz, 2016):

distance =      (x2 − x1)2 + (y2 − y1)2 + (z2 − z1)2 

Fig. 1.- Horizontal section of computerised tomography (CT) scan showing pelvic floor muscle at the level of the urethra. 

Fig. 2.- Coronal section of computerised tomography (CT) scan showing pelvic floor muscle at the level of the vagina.
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The dot product formula (see annexure A1) was 
used to determine the angle between three 3D 
landmarks (x3y3z3, x2y2z2 and x1y1z1) (Dumas, 
2008). The surface area of the perineum was cal-
culated as a composite of the urogenital triangle 
and the anal triangle, using the cross-product for-
mula (Kuchel et al., 2021) (see annexure A2).

The thicknesses of the pelvic floor muscles from 
the CT scans were measured on Mevislab soft-
ware (in millimetres). On a horizontal section, the 
thicknesses were measured at the level of the ure-

thra (Fig. 1) and coronally at the level of the vagina 
(Fig. 2). The measurements were taken perpen-
dicularly at the shortest distance across.

Statistical analyses were performed using Pa-
leontological Statistics (PAST) (Hammer et al., 
2001). Firstly, descriptive analysis was performed 
on all data, after which tests for normality were 
performed. To determine the extent of variation 
between groups, ANOVA, followed by Tukey’s pair-
wise tests, were performed when samples were 
normally distributed, while the non-paramet-

Table 1. Univariate analysis of bony dimensions and pelvic floor thicknesses and statistical significance between group comparisons.

Interspinous 
diameter (mm)

Intertuberous 
diameter (mm)

AP pelvic 
outlet (mm)

Subpubic 
angle (˚)

Urogenital triangle 
mm2

Perineum 
mm2

Left Axial 
thickness 

(mm)

Left coronal 
thickness

(mm)

SAB

N = 75

109.67

8.49

(74.60-135.26)

123.55a

10.88

(95.13-152.91)

112.04

11.60

(80.83-139.17)

89.49

7.32

(75.25-106.38)

3847.97a

514.11

(2429.30-4966.13)

8117.65a

1113.74

(4562.81-11040.18)

4.87a

0.91

(3.05-6.97)

4.92a

0.93

(3.22-7.28)

SAB0

N = 28

107.34a

9.21

(74.60-120.16)

124.02b

12.53

(95.13-144.29)

108.44

13.00

(80.83-131.83)

90.82

6.16

(79.75-103.81)

3784.06b

555.1545

(2429.298-4860.127)

7956.71b

1237.86

(4562.81-9652.97)

5.53bcdefg

0.78

(4.13-6.97)

5.56bcdef

0.78

(4.11-7.27)

SABm

N=47

111.06

7.80

(97.30-135.26)

123.26c

9.90

(99.84-152.91)

114.19

10.24

(94.21-139.17)

88.70

7.90

(75.25-106.38)

3886.05c

490.227

(2827.993-4966.135)

8213.53

1034.86

(5984.05-11040.18)

4.47bh

0.74

(3.05-6.54)

4.53bg

0.79

(3.22-7.12)

SAB1,2

N = 16

109.13b

6.12

(98.61-120.95)

122.96

8.50

(110.46-135.56)

114.44

8.55

(98.82-128.08)

90.03

9.67

(78.53-106.38)

3774.92

374.546

(2997.42-4500.33)

8213.02

810.46

(6822.81-9720.46)

4.94eij

0.72

(3.98-6.54)

4.95h

0.82

(3.90-7.12)

SAB3

N=16

109.05c

5.86

(98.98-116.51)

123.10

6.27

(110.69-132.00)

111.69

7.35

(94.21-125.74)

87.33

6.30

(77.36-99.56)

3969.08

364.75

(3345.67-4576.31)

8051.32

661.13

(6892.30-9123.76)

4.35fi

0.57

(3.55-5.54)

4.38e

0.67

(3.22-5.79)

SAB4+

N=15

115.28abc

9.75

(97.30-135.26)

123.75

14.21

(99.84-152.91)

116.59

13.97

(96.96-139.17)

88.75

7.60

(75.23-103.66)

3916.03

688.35

(2827.99-4966.14)

8387.11

1511.41

(5984.05-11040.18)

4.11gj

0.71

(3.05-5.91)

4.24fh

0.73

(3.23-5.79)

SAW

N = 50

109.36

12.14

(48.32-135.05)

130.37a

17.32

(48.32-161.33)

111.93

11.58

(83.18-141.42)

91.44

6.97

(76.22-106.72)

4213.07a

604.39

(3084.10-5737.72)

8739.8a

1283.25

(6409.77-12160.12)

3.52a

0.94

(1.90-5.64) 

3.56a

0.91

(1.88-5.22)

SAW0

N = 10

106.51

7.79

(95.44-117.56)

128.70

16.02

(109.93-161.33)

108.03

13.37

(92.84-129.35)

93.63

6.65

(85.13-106.72)

3850.32d

603.2742

(3146.752-4938.189)

8466.29

1672.08

(6816.48-12160.12)

4.33cqklm

0.56 

(3.10-4.94)

4.38cijk

0.56 

(3.12-5.00)

SAWm

N=40

109.36

12.14

(48.32-135.05)

130.37b,c

17.32

(48.32-161.33)

111.93

11.58

(83.18-141.42)

91.44

6.97

(76.22-106.72)

4303.76b,c,d

576.8728

(3084.103-5737.716)

8808.19b

1183.13

(6409.77-11149.50)

3.10dhq

0.84

(1.90-5.00)

3.15dgi

0.82

(1.88-5.22)

SAW1,2

N= 21

112.16

10.50

(96.61-135.05)

132.34

13.22

(105.45-158.21)

114.61

9.25

(83.18-127.02)

90.72

7.56

(76.22-105.68)

4312.68

627.01

(3398.95-90566.25)

8984.55

1265.06

(6409.77-11149.50)

3.69kno

0.86

(2.23-5.64)

3.78lm

0.77

(2.88-5.22)

SAW3

N=11

109.61

6.12

(101.76-122.59)

133.19

12.48

(116.92-155.12)

104.52

9.52

(92.158-122.90)

   91.46

7.24

(80.14-102.64)

4319.39

545.50

(3084.10-47513.23)

8425.05

1225.32

(6799.88-10966.95)

3.01ln

0.79

(2.00-5.00)

2.98jl

0.81

(1.86-4.90)

SAW4+

N= 8

112.16

3.59

(106.59-117.43)

131.12

10.89

(115.27-152.39)

113.87

11.29

(99.87-127.42)

90.56

6.01

(80.35-99.22)

4258.87

550.2753

(3651.93-5143.51)

8872.06

867.63

(7327.91-10062.64)

2.74mo

0.77

(1.90-4.01)

2.93km

0.62

(2.01-4.00)

Alphabet letters in the superscript indicate statistical significant differences (p value < 0.05) between groups per column

number of women = N; mean values are indicated in bold standard deviation is indicated in italics; range is shown within the round (brackets)

SAB refers to South African Black women and SAW refers to South African white women, the number following refers to the number of live births and m refers 
to multiparous
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ric test, Kruskal-Wallis, followed by Mann Whit-
ney test were performed when samples were not 
normally distributed (Neideen and Brasel, 2007). 
Comparisons between black and white women, 
between nulliparous versus multiparous, as well 
as between stepwise parity groups within popu-
lation groups were performed. This was followed 
by correlations between continuous variables, 
i.e. the bony dimensions versus the pelvic floor 
thicknesses, and age versus the pelvic floor thick-
nesses. A Pearson’s correlation coefficient r was 
determined, where a value of +1 indicates perfect 
positive association and a value of –1 indicates 
perfect negative association, while a value of 0 in-
dicates no linear association (Schober et al., 2018).

Intra- and inter-observer tests for measure-
ment accuracy were run by two observers. Twenty 
individuals were randomly selected from the en-
tire sample, and analysed twice by the principal 
researcher in order to assess the intra-observer 
reliability and once by co-author, SJ, for the in-
ter-observer reliability. Intraclass correlations 
were performed on the analysis of these 20 cases.

RESULTS
The mean age in years for the entire sample was 

51.35 ± 15.44. The mean parity for the entire sam-
ple was 1.95 ± 1.72. The mean age in years and 
mean parity in black women were 47.87 ± 14.78 
and 1.92 ± 1.87, respectively, while the mean val-

ues for age in years and parity in the white women 
were 56.58 ± 15.06 and 2 ± 1.48, respectively.

For each patient, the pelvic floor muscle thick-
ness was measured on both the left and right sides 
(for both the axial and coronal sections). As the data 
had a normal distribution, ANOVA tests were per-
formed between left and right sides and no statis-
tically significant differences between sides were 
observed (left axial versus right axial, p = 0,804; left 
coronal versus right coronal, p = 0,909). The mea-
surements for the left side of the pelvic floor are 
tabulated in Table 1 (since there were no statistical-
ly significant differences between the left and right 
sides). Intraclass correlation coefficients (r) for 
intraobserver and interobsever repeatability ap-
proached 1, indicating excellent agreement for all 
the measurements taken on the left side (Table 2).

Table 2. Intraclass correlation coefficients.

Parameters Intraobserver 
repeatability

Interobserver 
repeatability

Interspinous diameter 0.992 0.940

Intertuberous diameter 0.961 0.910

AP pelvic outlet 0.966 0.925

Subpubic angle 0.988 0.930

Urogenital triangle 0.993 0.937

Perineum 0.952 0.981

Left Axial thickness 0.981 0.976

Left coronal thickness 0.993 0.989

Annexure A1 y A2
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Table 1 describes the comparison between pop-
ulation groups, bony pelvic outlet and pelvic floor 
thickness measurements. Alphabet letters in the 
superscript indicate statistically significant dif-
ferences (p-value < 0.05) between groups per col-
umn. The intertuberous diameter, as well as the 
surface area of the urogenital triangle and the 
perineum, were statistically significantly larger 
(p: 0.0003; p: 0.0004 and p: 0.0047 respectively) 
in the entire sample of white women (N=50) com-
pared to black women (N=75). The subpubic an-
gle was larger in white women, while the interspi-
nous and AP outlet diameters were larger in black 
women but they did not reach statistical signifi-
cance.

When considering the stepwise parity groups as 
set out in Table 1, the bony dimensions (interspi-
nous diameter, AP outlet diameter, surface areas 
of urogenital triangle and perineum) increased 
slightly with increasing parity in both population 
groups, and were statistically significant when 
considering the interspinous diameter in black 
women.

Comparative analyses showed statistically sig-
nificantly thinner pelvic floor measurements (p< 
0.0001) in white when compared to black women 
throughout, as indicated by the superscript a in 
the last two columns of Table 1.

The black nulliparous women (SAB0 on Table 
1) displayed statistically significant thicker mean 
values for the pelvic floor muscles than white nul-
liparous women (SAW0). The black multiparous 
women (SABm) displayed statistically significant 
thicker mean values for the pelvic floor muscles 
when compared to white multiparous women 
(SAWm). Pelvic floor thinning was observed as 
parity increased in the stepwise population group 
comparisons (became thinner with increasing 
parity in both population groups) and many of 
these comparisons were statistically significant 
(see Table 1).

Ordinary least square regressions performed 
between pelvic floor thickness and age showed 
that the thickness of the pelvic floor decreased 
with age in nulliparous women of both population 
groups, even though age correlations within the 
white nulliparous group were not significant. The 

pelvic floor also became significantly thinner with 
increasing age in multiparous women of both pop-
ulation groups. Hard tissue correlations with the 
PFM thickness were not significant, except PFM 
correlations with AP pelvic outlet and surface area 
of the perineum. Weak, but statistically signifi-
cant negative relationships for the entire sample 
of black women were noted when correlating the 
AP pelvic outlet dimensions with the pelvic floor 
thickness on both the coronal and horizontal sec-
tions. Significant but negative correlation was not-
ed in the small group of eight white women who 
had given birth to four or more live babies when 
correlating the surface area of the perineum with 
the coronal section of the pelvic floor.

DISCUSSION

Main findings and interpretation (in light of 
other evidence)

Despite the fact that population group was 
not indicated in the patient’s records and as-
signments were based on surnames and pho-
tographic identification, very clear population 
group variations were noted in the measurements 
taken. The trends observed in the variations of the 
bony dimensions include a longer AP outlet diam-
eter in the entire sample of black women when 
compared to the entire sample of white women, 
as well as a greater surface area of the urogenital 
triangle and the perineum, subpubic angle and 
the intertuberous diameter in the entire sample 
of white women than in the entire sample of black 
women. The only significant observations were 
those of the intertuberous diameter, as well as the 
surface areas of the urogenital triangle and the 
perineum. Similar findings were reported in Af-
rican- American versus white-American women 
concerning the AP pelvic outlet diameter (Handa 
et al., 2008).

These variations in the pelvic diameters be-
tween population groups were not entirely unex-
pected (Jagesur, 2022). It is well known that popu-
lations who originated in colder climates, as noted 
in the white South African population group in 
this study, have relatively wider pelves in order to 
reduce heat loss. Narrower pelves associated with 
populations that originated in tropical climates, as 
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noted in black South Africans, would help reduce 
heat stress (Weaver and Hublin 2009; Sharma et 
al., 2016). The variation in the shape of the pelvis 
reflects genetic diversity based on ancient demo-
graphic events, as explained by neutral phenotyp-
ic evolution and are therefore useful in population 
history (Stull et al., 2014; Betti, 2017).

This was the first study to evaluate relationships 
between pelvic floor muscle thickness and pelvic 
bony dimensions, and between population groups 
with respect to the effect of age and parity on the 
measurements. Variations in the bony dimensions 
based on parity have been noted in an older study 
(Russell, 1969). For instance, similar to our study, 
the interspinous diameter increased with parity in 
a study performed by Russell (1969); however, the 
population group was not specified in their study. 
The mechanism of this increase was explained by 
the backward movement of the lower part of the 
sacroiliac joint occurring during childbirth, con-
sequently leading to a separation of the ischial 
spines.

White American women have been reported 
to be at a higher risk for pelvic floor disorders 
(PFDs) compared to African American women 
(Graham and Mallett, 2001). Increased risk for 
PFDs could be explained by the observed thinner 
pelvic floor in white women as compared to Afri-
can American women (Hoyte et al., 2005), as also 
noted in our groups, since thinner pelvic floors 
have been associated with weakness and as such, 
may be more susceptible to PFDs (Brækken et al., 
2010, 2014;).

The thinning of the pelvic floor with increasing 
parity (Özdemır et al., 2015) and aging (Alperin et 
al., 2016) has been documented. In the stepwise 
population group comparisons, we observed that 
the pelvic floor became thinner with increasing 
parity in both population groups where many of 
these comparisons were statistically significant. 
Possible mechanisms influencing the thinning of 
the pelvic floor with parity may be explained by 
micro-architectural distortion of the pelvic floor 
muscles and elevated intra-abdominal pressure 
experienced by the pelvic floor during pregnancy 
and labour (Mørkved et al., 2004). It is plausible 
that vaginal birth might, over time, have an ef-
fect on the pelvic floor and might therefore not be 

distinguishable from the effect that aging would 
have. In our study, nulliparous groups in both 
population groups demonstrated a thinning of the 
pelvic floor with aging. This, however, was not sig-
nificant in white nulliparous women, perhaps due 
to the small sample number (N=10).

Although no studies were found which directly 
correlated the pelvic bony dimensions measured 
with pelvic floor thicknesses, greater dimensions 
of interspinous and intertuberous diameters, sub-
pubic angles, as well as smaller dimensions in 
AP pelvic outlets were reportedly associated with 
PFDs (Handa et al., 2003). In our study, increasing 
AP pelvic outlet diameter was associated with thin-
ner PFMs (in the entire group of black women). A 
possibility exists that the increased risk for PFDs 
noted when certain pelvic dimensions were in-
creased could be linked to population group differ-
ences in pelvic dimensions rather than the differ-
ences in the dimensions themselves. For instance, 
a greater intertuberous dimension as noted in the 
white population group may be associated with an 
increased chance for PFD, while a greater AP outlet 
dimension as noted in the black population group 
may be associated with a smaller risk for PFD. Fi-
nally, South African white women may be partic-
ularly disadvantaged early on for possible PFDs, 
as they have greater bony dimensions and thinner 
pelvic floors, compounded by structural distortion 
of pelvic floor musculature by childbirth and aging.

Limitations

Possible limitations of this study are the factors 
that could have contributed to the variations in 
the pelvic floor thicknesses other than those not-
ed with parity, population group and aging. These 
factors include the type of childbirth (vaginal or 
caesarean), body mass index (BMI), patient in-
volvement in high impact physical activity or ge-
netic factors. None of these factors were known 
in this retrospectively studied scan sample. It is 
crucial to recognise that the findings of this study, 
which are derived from Black and White patients 
at a Pretoria hospital, should be interpreted with 
an awareness that interethnic differences may 
exist in other regions of South Africa and beyond 
(Sapo, 2021).
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CONCLUSION
This study has demonstrated that there exist 

population group variations between pelvic floor 
thickness and bony pelvic dimensions, in addi-
tion to the co-factors of age and parity. Black nul-
liparous women displayed statistically significant 
thicker mean values for the pelvic floor muscles 
than white nulliparous women. Ordinary least 
square regressions performed between pelvic 
floor thickness and age showed that pelvic floor 
thickness decreased with age in nulliparous wom-
en of both population groups, although age cor-
relations within the white nulliparous group were 
not significant. The intertuberous diameter, as 
well as the surface area of the urogenital triangle 
and the perineum were statistically significantly 
greater in the entire sample of white women com-
pared to black women. Bony correlations with par-
ity were significant for the interspinous diameter, 
which increased with parity in black women. Bony 
pelvic correlations with pelvic floor muscle thick-
ness were significant for AP pelvic outlet, where 
the increasing diameter of the AP pelvic outlet was 
associated with thinner PFMs in the entire sample 
of black women. It is therefore important in clini-
cal practice to consider the variations noted in pel-
vic bony dimensions and pelvic floor muscles be-
tween women of varying populations groups, ages 
and parity in association to pelvic floor disorders. 
These conditions affect quality of lives, and there-
fore better understanding of mechanisms involved 
can lead to advancement of treatment options or 
even prevention where possible. The results of 
this study add to the paucity of data on the effect of 
population group on pelvic floor morphology.

Recommendations

Future research using greater sample sizes 
could confirm or disprove the non-significant re-
lationships noted. Data where the mode of child-
birth is known, e.g. vaginal or caesarean section, 
could be helpful to ascertain whether mode of de-
livery has any effect on the bony dimensions and 
the thickness of the pelvic floor.
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Unilateral optic nerve aplasia associated 
with microphthalmia: a rare cadaveric 

report
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SUMMARY
This case report describes the anatomical pre-

sentation of the anomalous optic nerve (cranial 
nerve II). Cranial nerve II developmental anom-
alies encompass both optic nerve hypoplasia 
and aplasia. While most studies on optic nerve 
anomalies rely on radiological imaging, anatom-
ical presentation and nerve course are rarely 
described. The current case reveals a complete 
absence of the right optic nerve and its connec-
tion to the optic chiasma, resembling radiologi-
cal presentation of optic nerve aplasia. In addi-
tion, the right-sided bony orbit and eyeball were 
smaller than the left, accompanied by a poorly 
developed cornea and iris with a calcified mass, 
resembling clinical presentation of microphthal-
mia. Having a thorough understanding of the 
gross anatomical presentation and course of op-
tic nerve anomalies can facilitate precise diagno-
sis and management of visual impairments asso-
ciated with these anomalies. Furthermore, such 
knowledge can provide valuable insights into the 
actual prevalence of optic nerve aplasia and fur-
ther substantiate the literature.

Key words: Optic nerve aplasia – Microphthal-
mia – Cadaver – Anomaly 

INTRODUCTION
Anomalies of the optic nerve are a significant 

cause of visual impairments (Taylor, 2007), and in-
clude optic nerve hypoplasia and aplasia (Margo et 
al., 1992). Optic nerve hypoplasia is common and 
presents with a smaller number of optic nerve fibres 
(Martín-Begué and Saint- Gerons, 2016). In con-
trast, optic nerve aplasia is a rare complete absence 
of optic nerve fibres, either unilaterally or bilaterally 
(Margo et al., 1992; Martín-Begué and Saint-Gerons, 
2016; Taylor, 2007). Developmentally, the eye forms 
from the neural ectoderm, mesoderm and neural 
crest cells. The derivative of the neural ectoderm 
includes the optic nerve, retina and iris smooth 
muscles. The neural crest cells contribute to the 
formation of the stroma of the iris, ciliary muscles, 
choroid and vitreous part, and the endothelium and 
stroma of the cornea, while the mesoderm is inter-
posed between the ectodermal tissues forming the 
cornea, choroid and vitreous substances, and sclera 
(Ohuchi et al., 2016; Taylor, 2007).
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An adult human optic nerve (cranial nerve II 
or CNII) is approximately 40 to 50 mm in length 
(Zeiss et al., 2017). CNII is a continuation of the 
optic tract which originates from the optic chias-
ma and courses about 10mm intracranially be-
fore taking an extracranial course (about 30 mm) 
by passing through the optic canal of the sphenoid 
bone to reach the posterior aspect of the eyeball 
to receive visual impulses from the neural retina. 
Developmentally, CNII is a derivative of the fore-
brain and, due to the complexity of the coordinat-
ed events during the development of the eye, optic 
nerve aplasia may be associated with other central 
nervous system or ocular anomalies (Martín-Be-
gué and Saint-Gerons, 2016). The majority of 
these anomalies have been reported through ra-
diological imaging studies that do not provide 
the comprehensive anatomical presentation and 
course of the anomalous optic nerve (Handley et 
al., 2021; Martín-Begué and Saint-Gerons, 2016; 

Taylor, 2007; Zhou et al., 2020). Herein, a case 
of unilateral optic nerve aplasia associated with 
microphthalmia is reported on following an in-
cidental cadaveric dissection finding. Cadaveric 
dissections are exploratory in nature, and offer 
a comprehensive way to describe the anomalous 
course of any variation, an advantage that cannot 
be adequately achieved in living individuals when 
using radiological imaging studies.

CASE REPORT
This cadaveric study was conducted under the 

ethical clearance waiver number W-CBP- 220504-
01 and was covered by the Human Tissue Act (No. 
65 of 1983) and the National Health Act (No. 61 
of 2003) on the use of human specimens for re-
search and teaching purposes. During the routine 
dissection of the head and neck region in a female 
cadaver, South African of European descent, aged 
52, the right eye appeared smaller and underde-

Fig. 1.- External and internal features of the skull and eyeballs. (a), anterior view of the skull showing a smaller right orbit and a 
larger left orbit, black arrow indicating the present left optic nerve. (b), Superior view of the intra-cranial fossa showing the central 
part of the mid-cranial fossa (Sella turcica) and its related structures. (c), Inset from b, with a magnified view showing the left optic 
nerve (black arrow) passing through the optic canal and the right ophthalmic artery passing through the right optic canal. (d), ante-
rior view of the eyeballs, note the poorly developed cornea and iris of the right eye. (e), a transverse section of the eyeballs showing 
a calcified mass in the right eyeball and normal vitreous body and retina in the left eyeball. (f), posterior view of the eyeballs show-
ing extraocular muscles, black arrow indicating left optic nerve as it enters the left eyeball, and fat and fibrous tissue on the right 
eyeball. R=Right side, L=Left side.
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veloped when compared to the left eye. The eyes 
were then excised as part of the dissection pro-
tocol from the orbital sockets and inspected for 
abnormalities, where only the left optic nerve was 
present (Figs. 1 and 2). After the excision of the 
eyes, the brain was removed from the skull, where 
additional inspections of the neural tissues were 
conducted. These included gross inspections of 
the whole brain, followed by sagittal, horizontal 
and coronal sectioning.

In addition to a complete absence of the right 
optic nerve (Figs. 1 and 2), the bony orbit of the 
right side was smaller (orbital breadth 36.13 mm, 
orbital height 32.20 mm) when compared to the 
left (orbital breadth 40.60 mm, orbital height 
36.24 mm). The right eyeball was also smaller 
with a poorly developed cornea and iris (Fig. 1D). 
A transverse section of the right eyeball showed 
the presence of a calcified mass covering the inte-
rior spaces, while the left eyeball presented with 
a normal vitreous body and retinal appearance 
(Fig. 1E). The right eyeball showed the presence 
of all, albeit grossly atrophied, extra-ocular mus-
cles with fibrous tissue and fat occupying the cen-
tral posterior part of the eyeball. The left eyeball 
showed the normal presence of all extra-ocular 

muscles with the optic nerve entering the posteri-
or aspect centrally (Fig. 1F). The right optic canal 
was only patent enough for the passage of the right 
ophthalmic artery, while the left optic canal was 
intact with the left optic nerve and left ophthal-
mic artery passing through it (Fig. 1A-C). Both the 
left and right oculomotor (CN III), trochlear (CN 
IV) and abducens (CN VI) nerves took their nor-
mal course to supply their respective extra-ocular 
muscles. Visual inspection of the inferior view of 
the intact whole brain showed the complete ab-
sence of the right optic nerve and its connection 
to the optic chiasma. The right and left optic tracts 
originated off-centre to the left but then continued 
along their normal paths as the left and right op-
tic tracts on either side of the tuber cinereum and 
infundibulum (Fig. 2A and B). A relatively smaller 
right splenium of the corpus callosum (13.68 mm, 
measured at widest point) compared with the left 
(15.17 mm) was the only noticeable difference in 
the midsagittal view of the brain. Horizontal and 
coronal brain sections showed no gross differenc-
es between the right and left side optic radiations 
(geniculocalcarine tracts), lateral geniculate bod-
ies and superior colliculi.

Fig. 2.- Inferior view of the brain. (a) presence of a cut left side optic nerve and absent right. (b) magnified inset showing conver-
gence of left- and right-side optic tracts continuing as a single left optic nerve.
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DISCUSSION
Optic nerve aplasia has been variably de-

fined in the literature (Martín-Begué and Saint- 
Gerons, 2016; Ohuchi et al., 2016; Zhou et al., 
2020). Diagnosis of optic nerve aplasia within the 
clinical setting is confirmed radiologically when 
a blind eye presents with a total absence of op-
tic nerve fibres, optic disc, retinal ganglion cells 
and central retinal vessels (Martín- Begué and 
Saint-Gerons, 2016; Meire et al., 2011; Ohuchi et 
al., 2016; Taylor, 2007). The total absence of optic 
nerve fibres leading to the absence of the optic 
disc and central retina vessels in the case study 
presented concurs with radiological descriptions 
of optic nerve aplasia.

Ohuchi et al. (2016) reported a bilateral case of 
optic nerve aplasia observed during an autopsy. 
The optic nerve presented as a myelinated cotton-
thread-like cord originating from the poorly de-
veloped optic chiasma and extending to the poste-
rior pole of the eyeball (Ohuchi et al., 2016), which 
is consistent with an extreme case of hypoplasia 
presented in the literature (Margo et al., 1992). In 
contrast to Ohuchi et al. (2016), a complete uni-
lateral absence of both the intracranial and extra-
cranial course of the optic nerve is presented in 
the current case study.

The commonly used diagnostic imaging modal-
ities for optic nerve aplasia include magnetic res-
onance imaging, computerized tomography, and 
brightness (B-Scan) ultrasonography. However, 
controversy still exists regarding the best imaging 
modalities to accurately diagnose true optic nerve 
aplasia (Martín-Begué and Saint-Gerons, 2016; 
Ohuchi et al., 2016; Zhou et al., 2020). As a result 
of differential diagnostic criteria being presented 
in imaging studies, optic nerve hypoplasia has 
been grossly misidentified as optic nerve aplasia 
in the literature and the incidence of true optic 
nerve aplasia remains unclear (Martín-Begué and 
Saint-Gerons, 2016).

While some patients with optic nerve hypopla-
sia may present with partial blindness, it should 
be noted that in true optic nerve aplasia patients 
usually present with complete blindness (Meire 
et al., 2011). Ocular anomalies associated with 
optic nerve aplasia include microphthalmia, iris 

anomalies, retinal dysplasia, cataracts, corneal 
oedema and sclerocornea (Handley et al., 2021; 
Martín-Begué and Saint-Gerons, 2016; Ohuchi et 
al., 2016).

Microphthalmia is the presence of an abnormal-
ly small eye with reduced axial length and corneal 
diameter measurements (Verma and FitzPatrick, 
2007). The normal adult human eye presents with 
a mean axial length of 23.8 mm and a corneal di-
ameter which ranges between 9.0-10.5 mm (Han-
dley et al., 2021; Verma and FitzPatrick, 2007). 
In the clinical setting, any adult human eye with 
a mean axial length of less than 21 mm is con-
sidered microphthalmic (Verma and FitzPatrick, 
2007). In the current case, eyeball measurements 
were not taken, as cadaveric soft tissues usually 
shrink after preservation with formalin. Instead, 
the measurements of the orbital socket taken to 
substantiate the gross appearance of the left and 
right eyeballs presented with an approximately 
4mm smaller orbital height and breadth in the 
right eye. Thus, the size difference presented in 
the right eye when compared to the left in the cur-
rent case may be considered within the spectrum 
of microphthalmia (Handley et al., 2021; Verma 
and FitzPatrick, 2007).

Optic nerve aplasia may also be associated with 
cardiovascular, endocrinological, gastrointesti-
nal, vertebral and neurological anomalies (Ghas-
semi et al., 2015). While little is known about the 
lived state of health of the cadaver, presented in 
the current case study, a smaller right splenium of 
the corpus callosum was observed. The presence 
of a reduced splenium of the corpus callosum 
may be considered consistent with corpus callo-
sum hypoplasia (Martín-Begué and Saint-Gerons, 
2016). In contrast with the current case study, the 
radiological imaging of the brain in the case of op-
tic nerve aplasia reported by Ohuchi et al. (2016) 
did not reveal any associated brain anomalies. 
Despite this finding, the existing evidence sug-
gests that unilateral optic nerve aplasia associat-
ed with microphthalmia usually occurs without 
brain abnormalities, especially when the aplasia 
is due to single eye developmental interruptions 
(Martín-Begué and Saint-Gerons, 2016; Ohuchi et 
al., 2016; Taylor, 2007). In keeping with the var-
ied embryological contributions of tissues to the 
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development of the eye previously reported, the 
absent right optic nerve in the current case may 
be due to developmental anomalies of the retinal 
ganglion cells (Ohuchi et al., 2016).

The calcified vitreous tissue may imply that the 
mesenchyme failed to develop properly (Margo et 
al., 1992; Ohuchi et al., 2016). In addition, there 
could be reduction in blood flow around the right 
eyeball, which could lead to proteins within the 
vitreous humor becoming sticky and hardening.

Potential contributing genetic factors are diffi-
cult to ascertain, as the family and genetic history 
was not available. There is also limited literature 
on the incidence and genetics of human optic 
nerve aplasia associated with microphthalmia 
(Ghassemi et al., 2015; Handley et al., 2021; Meire 
et al., 2011).

CONCLUSION
The current report includes the anatomical pre-

sentation of a true optic nerve aplasia associated 
with microphthalmia. Cadaveric reports may ad-
vance the understanding of optic nerve aplasia 
to the current sparse literature and substantiate 
clinical and radiological presentations, in turn, 
improving diagnosis and treatment.
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SUMMARY
Snapping Scapula Syndrome (SSS) is an un-

common orthopaedic disorder characterised by 
audible crepitations and disrupted shoulder ki-
nematics due to pathological interactions within 
the tissues between the scapula and ribcage. One 
rare cause of SSS is the presence of Luschka’s Tu-
bercle, a bony prominence located on the costal 
surface of the superior angle of the scapula. Diag-
nosis of SSS due to Luschka’s Tubercle (LT) can be 
challenging, often eluding conventional imaging, 
potentially leading to mismanagement and wors-
ening symptoms. This case series underscores 
the significance of LT detection, explores its role 
in SSS, and discusses treatment options.

This series presents five patients with posterior 
shoulder pain and a palpable click indicative of 
SSS over a six-month period. Three of these pa-
tients did not exhibit Luschka’s Tubercle (LT) on 
3D CT scans, while the remaining two patients 
had LT detected on the imaging. Arthroscopic re-
section successfully resolved symptoms in one of 
the two patients with LT.

SSS is characterised by scapular snapping 
during movement, often associated with anatom-
ical abnormalities such as Luschka’s Tubercle. A 
comprehensive approach to diagnosis and man-
agement, including imaging, conservative mea-
sures, and, when necessary, surgery, is crucial 
for alleviating symptoms and enhancing shoulder 
function in affected individuals.

Key words: Shoulder – Orthopaedics – Scapula 
– Shoulder pain – Ribs – Musculoskeletal diseases 

INTRODUCTION
Snapping Scapula Syndrome (SSS) is an intrigu-

ing yet uncommon orthopaedic disorder char-
acterised by audible crepitations and disrupted 
shoulder kinematics resulting from pathological 
interactions within the tissues located between 
the scapula and the ribcage (Lazar et al., 2009; 
Kuhne et al., 2009; Carvalho et al., 2019; Vidoni et 
al., 2022). The causes of SSS are diverse and can 
include morphological alterations of the scapula 
and rib cage, an imbalance in periscapular mus-
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culature forces (dyskinesia), or neoplasia (bone 
tumours or soft tissue tumours) (Carvalho et 
al., 2019). This condition predominantly affects 
young, active individuals, often with a history 
of pain stemming from overuse, rapid shoulder 
movements, or participation in sports activities 
(Gaskill and Millett, 2013).

Among the rare causes of SSS is the presence of 
Luschka’s Tubercle (Carvalho et al., 2019; Gallien, 
1985; Estwanik, 1989; Dietrich et al., 2017; Somer-
son et al., 2024). Luschka’s tubercle, first described 
and illustrated by Gruber, Luschka and Sauser in 
the years 1864, 1870 and 1936, is a bony protu-
berance found on the costal surface of the superior 
angle of the scapula (Sauser, 1936). The tubercle 
is distinct due to its hook-shaped morphology and 
discreet location at the superomedial aspect of the 
scapula. It occurs in approximately 3% of the gen-
eral population and significantly influences the 
dynamics of the scapulothoracic articulation (To-
tlis et al., 2014). LTs can restrict normal shoulder 
mobility, contributing to the symptomatic expres-
sion of SSS by reducing the scapular interspace 
and increasing friction, thereby causing discom-
fort (Dietrich et al., 2017).

Diagnosis of SSS due to Luschka’s Tubercle 
(LT) can be challenging, as it are often missed on 
conventional imaging, potentially leading to mis-
management of SSS and worsening symptoms in 
affected patients (Kuhne et al., 2009). This case 
series aims to emphasise the importance of de-
tecting Luschka’s Tubercle (LT), to explore its role 
within the context of SSS and to discuss the differ-
ent treatment options.

CASE SERIES
In this series, we report on five patients with 

a mean age of 40 years (ranging from 26 to 46), 
comprising three females and two males. All pa-
tients presented with posterior shoulder pain, 
associated with pain on passive movements of 
adduction and forward flexion, and a palpable 
click, typical of Snapping Scapula Syndrome, 
over a six-month period. There was no history of 
trauma. The overlying skin over the scapula was 
normal. Cross-sectional imaging was performed 
to evaluate this further. Three out of the five pa-
tients did not exhibit Luschka’s Tubercle (LT) on 
a 3D CT scan (15 slice ACT revolution, GE ) and 
further assessment by Magnetic Resonance Imag-
ing (MRI) (1.5T HDXT, GE MRI, T1 and STIR axial, 
coronal and sagittal), and there was no oedema in 
the scapulothoracic interval. The remaining two 
patients, a 26- and a 39-year-old male, present-
ed with similar symptoms, with LT being detected 
on the 3D CT scan. There was oedema of the soft 
tissues between the LT and thoracic wall on MRI 
(Fig. 1).

They were initially managed with analgesics 
and physiotherapy. The 39-year-old male patient 
had recalcitrant pain despite these, and hence 
underwent arthroscopic resection of the tubercle 
with complete resolution of symptoms at a six-
month follow up (Fig. 2). The other patient was 
also offered surgical resection; however, he could 
not proceed due to financial constraints.  Other 
three out of the five patients with LT were man-
aged conservatively, involving analgesia and ste-
roid injections. 

Fig. 1.- Axial STIR (a) showing edema between the Luschka’s tubercle and posterior chest wall (arrow). Sagittal CT showing Lusch-
ka’s tubercle (b) (arrow) and 3D reconstruction showing Luschka’s tubercle (c). H (humeral head), S (scapula).
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DISCUSSION
Snapping Scapula Syndrome (SSS) is a fasci-

nating condition thought to originate from an 
abnormal scapulothoracic articulation (Lazar et 
al., 2009; Carvalho et al., 2019). The scapula, a 
triangular bone situated between the second and 
seventh ribs, exhibits distinctive surfaces, bor-
ders, and angles. Its connection with the ribcage 
lacks conventional joint structures and is instead 
surrounded by a complex array of muscles, cate-
gorised into superficial, intermediate, and deep 
layers (Kuhne et al., 2009; Lazar et al., 2009; Car-
valho et al., 2019). These encompass the trape-
zius, latissimus dorsi, rhomboids, levator scapu-
lae, serratus anterior and subscapularis. Precise 
scapular positioning and control are essential 
for optimal glenohumeral joint function, neces-
sitating synchronised actions of various scapular 
muscles (Lazar et al., 2009; Carvalho et al., 2019). 
These muscles collaborate to enable a range of 
movements, including abduction, adduction, el-
evation, depression, and rotation. Any disruption 
to the biomechanics of scapulothoracic move-
ments can give rise to SSS.

SSS is characterised by an audible pop or click-
ing of the scapula during scapulothoracic joint 
movements, often associated with inflammation 
and irritation of the bursa in the serratus anterior 

space (Vidoni et al., 2022). Patients with SSS typ-
ically present with painful snapping, grinding, or 
popping of the shoulder during adduction, flexion 
or extension movements, often accompanied by 
crepitus and feelings of fullness in the posterior 
shoulder region. The pain worsens with overhead 
movements, heavy lifting, and repetitive use (Gas-
kill and Millett, 2013; Vidoni et al., 2022). 

SSS has diverse causes, encompassing scapu-
lothoracic bursitis, ribcage or scapula deformi-
ties, and congenital anomalies such as Sprengel’s 
deformity. Occupational factors, particularly re-
petitive overhead motions, can also contribute 
to SSS (Kuhne et al., 2009). Notably, Luschka’s 
Tubercle (LT) plays a pivotal role in SSS. LT, char-
acterised as a unique bony protrusion with a dis-
tinctive hook-shaped structure located along the 
superomedial edge of the scapula, often proves 
challenging to detect by conventional imaging, 
posing a diagnostic challenge (Sauser, 1936; Le-
htinen et al., 2005; Totlis et al., 2014; Dietrich et 
al., 2017). Despite the surrounding musculature 
providing support to the scapulothoracic joint, it 
is crucial to recognise that specific scapular ar-
eas, including the superomedial and inferomedi-
al angles, along with the medial border, possess 
relatively less muscular and bursal coverage. LT 
develops around the superior angle of the scapu-

Fig. 2.- Arthroscopy images (a, b) showing surface marking of scapula, insertion of arthroscopic ports (a) and image after resection 
of Luschka’s tubercle (b), highlighted area between the arrows.
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la, remaining unsupported by musculature, thus 
disrupting significantly normal shoulder move-
ment. This disruption leads to the development of 
SSS by narrowing the space between the scapula 
and ribcage, resulting in heightened friction and 
accompanying symptoms (Totlis et al., 2014; Di-
etrich et al., 2017).

Understanding the embryological development 
of Luschka’s Tubercle (LT) presents challenges 
due to its rarity in reported literature. The process 
begins with undifferentiated mesenchymal tis-
sue, and the scapula’s primary ossification centre 
emerges around the seventh week of gestation. 
During this intricate process, various areas of the 
scapula undergo differentiation, including the area 
where Luschka’s tubercle eventually forms (Huang 
et al., 2006). Osteoblasts play a crucial role in de-
positing bone matrix in this specific region, giving 
rise to the tubercle. Secondary ossification centres 
also develop in other scapular areas, further con-
tributing to its growth and maturation. As postnatal 
growth ensues, and the scapula continues to trans-
form in shape and structure, with Luschka’s tuber-
cle becoming more distinct (Totlis et al., 2014). It 
is important to note that genetic factors and the 
complex processes of bone formation during em-
bryonic development can influence the presence 
and characteristics of this anatomical feature.

Diagnosing snapping scapula primarily relies on 
patient history and physical examination. Some 
researchers have suggested the use of CT scans 
as a helpful adjunct in the diagnostic process for 
snapping scapula cases (Mozes et al., 1999; Kuhne 
et al., 2009). CT images can provide supplemen-
tary information to support clinical assessment. 
Nevertheless, due to the limited clarity in exist-
ing literature regarding the scapular morphology 
in individuals with snapping scapula, diagnosing 
this syndrome remains challenging for diagnos-
tic radiologists. In our study, detection for LT was 
made through CT scans (Mozes et al., 1999). MRI 
is crucial in the visualisation of surroundings soft 
tissues but often misses bony anomalies. The use 
of ultrasound in these cases can be challenging 
(Conduah et al., 2010).

The treatment approach for Snapping Scap-
ula Syndrome (SSS) associated with Luschka’s 
Tubercle (LT) remains variable and subject to 

controversy. While some studies have found no 
conclusive link between LT and SSS (Dietrich et 
al., 2017), our case series highlights the diversity 
in management strategies. In our study, two pa-
tients with SSS and LT were managed different-
ly. One patient opted for conservative treatment, 
which involved pain management through anal-
gesia and steroid injections, coupled with phys-
iotherapy to restore scapular control and muscle 
strength. However, in cases where symptoms per-
sist, surgical intervention may become necessary, 
as demonstrated in one of our patients. In this 
instance, arthroscopic debridement of Luschka’s 
Tubercle resulted in the complete resolution of 
the patient’s symptoms, highlighting the poten-
tial efficacy of surgical intervention in selected 
cases. Scapulothoracic arthroscopy offers several 
advantages, including safe and straightforward 
access to the superomedial corner of the scapula, 
improved visibility for bursa and superomedial 
corner resection, enhanced cosmesis compared 
to open procedures, and minimal muscle dissec-
tion, resulting in reduced pain and quicker reha-
bilitation. Various approaches can be employed 
for this procedure. However, the chicken wing po-
sition, with the patient in a prone posture and uti-
lizing the 3-portal technique (comprising superi-
or, medial, and inferior portals with blunt trocars 
for scapular access), is notably effective. Initial 
access to the scapulothoracic space involves two 
superiorly positioned portals, one proximal and 
one medial to the superomedial angle of the scap-
ula. Gaining access to the superomedial corner of 
the scapulothoracic interspace is a procedure that 
can be carried out in a straightforward and repro-
ducible manner. However, it is crucial to be aware 
of the potential complications, such as the risk of 
injuring the dorsal scapular nerve or vessels, as 
well as the possibility of iatrogenic damage to the 
suprascapular nerve. Failing to insert the portal 
trocars toward the costal surface of the scapula 
may lead to perpendicular insertion into the tho-
racic wall and cavity (Saper et al., 2015).

CONCLUSION
SSS is a condition characterised by scapular 

snapping during movement, often linked to an-
atomical abnormalities like Luschka’s Tuber-
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cle. Proper diagnosis and management involve a 
multidisciplinary approach, including imaging, 
conservative measures, and, in some cases, sur-
gery, to alleviate symptoms and improve shoulder 
function in affected individuals.
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SUMMARY
Lumbar spinal stenosis (LSS) involves narrow-

ing of the lumbar spinal space due to various fac-
tors. Torg-Pavlov Index measures predict LSS. 
The objective was to define the mean character-
istics of the lumbar spine body/canal index in a 
Hispanic population stratified by age and sex. A 
retrospective, observational, transverse, and de-
scriptive study was performed. Imaging studies 
included consecutive bone window full abdomi-
nal CT scans, in adult patients (≥18 years), with-
out evidence of bone disease, musculoskeletal 
pathology, or traumatic event and a fully visible 
lumbar spine (L1-L5). The anteroposterior diam-
eter (APD) and midsagittal diameter (MSD) of each 
vertebral level were measured using the Care-
stream image reformatting program at each lum-
bar vertebral level from L1 to L5 of the CT scan.

A total of 400 CTs of subjects with a mean age of 
47.7±14.8 (range 18-80 years) were evaluated, of 
which 59.3% (n 237/400) were women. The pres-
ence of a ≤0.5 body/canal index was 31.6% (n 126). 
The MSD/APD lumbar index did not differ signifi-
cantly between age groups in any of the vertebrae. 
However, there was a tendency to decrease with 
age. An mean index higher than 0.5 was the mean 
found in the patients evaluated where there was 
no previous data of spinal cord involvement. This 
study provides an accurate description of the nor-
mal morphometric parameters of the lumbar body/
canal ratio in a Mexican population to assess clini-
cal scenarios of lumbar spinal stenosis. Few studies 
evaluate the use of cut-off points to define an LSS.

Key words: Torg-Pavlov – Lumbar spinal steno-
sis – Computed tomography – Hispanic population 
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INTRODUCTION
Lumbar spinal stenosis (LSS) is defined as a 

narrowing of the spinal space at the lumbar level 
due to anatomical changes as a cascade of events 
including degeneration of the intervertebral disc, 
facet joint osteoarthritis, and hypertrophy of the 
ligamentum flavum (Verbiest, 1950; Jensen et al., 
2020). LSS is classified into two types: Congenital 
and Acquired. Congenital or primary LSS can be 
mainly attributed to either a congenital abnor-
mality or a postnatal development disorder, con-
trary to acquired or secondary LSS, which results 
from degenerative changes, trauma, infections, or 
surgical origin. (Genevay et al., 2010) Symptoms 
associated with this stenosis mainly include low-
er back pain, lower extremities weakness, pares-
thesia, and numbness (Jensen et al., 2020). Spinal 
stenosis increases the risk of neurological inju-
ries in traumatic, degenerative, and inflammatory 
conditions (Zhang et al., 2012). 

The measurement of the sagittal diameter of the 
lumbar canal has traditionally been considered 
the best predictor of lumbar stenosis (Eisenstein, 
1977; Gepstein et al., 1991; Visuri et al., 2005). In 
the setting of the cervical spine the Torg-Pavlov 
method was developed to classify stenosis. This 
method calculates an index between the sagittal 
diameter of the body and the canal of the spine of 
the cervical vertebrae to determine stenosis (Pav-
lov et al., 1987). Some studies have correlated hav-
ing cervical stenosis with having lumbar spinal 
stenosis (Iizuka et al., 2012). The measurement 
of the Torg-Pavlov Index in lumbar vertebrae in a 
cadaveric study proposed that it could be a useful 
technique for predicting lumbar stenosis (Bajwa 
et al., 2013). Based on their findings, the authors 
concluded a Torg ratio <0.5 predicted LSS. The 
primary objective of this study was to define the 
mean characteristics of the lumbar spine body/
canal index in a Hispanic population stratified 
by age and sex, with comparison to other popula-
tions found in the literature.

MATERIAL AND METHODS
A retrospective, observational, transverse, and 

descriptive study was performed. Imaging studies 
included consecutive bone window full abdominal 
CT scans obtained from the Radiology and Imag-

ing Department of the University Hospital in Mon-
terrey, Mexico. All studies were performed using 
a General Electric CT99 LightSpeed VCT 64-slice 
Scanner ® (rotation 0.4s helicoidal acquisition, 20 
mm detector covering, 120 Kv, 400+, 0.625 mm 
width slices). 

Inclusion criteria were studies from adult pa-
tients (≥18 years), without gender distinction, 
who had a full abdominal CT performed without 
evidence of bone disease, musculoskeletal pathol-
ogy, or traumatic event as an indication, and a ful-
ly visible lumbar spine (L1-L5). Exclusion criteria 
included studies that were part of a pre-surgical 
evaluation, or follow-up of an underlying disease 
with a diagnosis involving bone structures or the 
lumbar spine. 

The anteroposterior diameter (APD) and mid-
sagittal diameter (MSD) of each vertebral lev-
el were measured using the Carestream image 
reformatting program at each lumbar vertebral 
level from L1 to L5 of the CT scan. (Fig. 1) Using 

Fig. 1.- Midsagittal CT slice of vertebral column. The midsag-
ittal diameter (A) and the antero-posterior diameter (B) of the 
vertebral body.
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a mid-sagittal plane, the sagittal diameters of the 
body and canal of the lumbar spine at its 5 levels 
were taken to determine the lumbar ratio. Studies 
were evaluated by two non-blinded independent 
observers with experience in radiology and anat-
omy to establish measurements. 

A sample size calculation was performed es-
timating the mean in a finite population, with a 
confidence of 95% and a margin of error of 5%, 
resulting in a total of 400. Normality tests were 
carried out using the Kolmogorov-Smirnov test. 
Central tendency and dispersion data were ob-
tained, expressed as mean with standard devia-
tion, frequencies, and percentages. Comparisons 
between the different groups obtained from the 
sample (sex, age) of the study were performed us-
ing a bilateral t-student test and One-Way ANOVA 
or with Mann-Whitney U test and Wilcoxon test, 
depending on the result of the normality tests. A 
value of p <0.05 was considered statistically sig-
nificant. SPSS Statistics version 22 (IBM, Armonk, 
NY, USA) was used for Windows 10.

The study was previously reviewed and ap-
proved by the University’s Ethics and Research 
Committees with the registration code AH19-

00001, certifying that it adheres to the guidelines 
of the General Health Law on Health Research in 
Human Beings of our country and the Helsinki 
Declaration. None of the CT scans were performed 
for the purposes of this study.

RESULTS
A total of 400 CTs were evaluated with a mean 

age of 47.7 ± 14.8 (range 18-80 years), of which 
59.3% (n 237/400) were women (Table 1). Men 
tended to have a statistically significantly larger 
APD than women, while MSD had no differences, 
except in L5. This in turn resulted in a larger ver-
tebral body, while the vertebral canal remained 
similar when compared by sex, causing a statis-
tically significant difference in the MSD/APD lum-
bar index, with women having the higher value 
(Table 1, Fig. 2).

Subcategorization was carried out stratified by 
age decades for comparison between the vari-
ables. A statistically significant difference was 
found for all groups of the lumbar vertebral body 
using the APD, with a clear increase with age (Ta-
ble 2, Fig. 3). A post hoc statistical adjustment 
with Bonferroni a statistical change was noted 

Table 1. Measurements of vertebrae from L1 to L5 with comparison between sex.

General (n 400) Men (n 163) Women (n 237)
p

Mean±SD Range Mean±SD Mean±SD

L1

MSD 16.3±1.5 11.9-20.5 16.3±1.5 16.3±1.4 0.784

APD 28.2±2.9 22.0-36.6 30.3±2.5 26.8±2.2 <0.001*

Index 0.58±0.08 0.38-0.86 0.54±0.07 0.61±0.08 <0.001*

L2

MSD 15.7±1.5 11.0-22.3 15.7±1.6 15.7±1.5 0.995

APD 29.2±3.0 22.1-37.6 31.2±2.6 27.9±2.4 <0.001*

Index 0.54±0.08 0.35-0.79 0.51±0.07 0.57±0.08 <0.001*

L3

MSD 15.2±1.8 10.0-29.3 15.3±2.0 15.2±1.6 0.972

APD 30.3±3.1 14.1-40.0 32.2±3.1 28.9±2.4 <0.001*

Index 0.51±0.11 0.32-2.08 0.48±0.15 0.53±0.08 <0.001*

L4

MSD 15.5±1.9 10.4-22.3 15.7±2.0 15.4±1.8 0.118

APD 30.9±3.0 22.2-40.0 32.8±2.7 29.6±2.4 <0.001*

Index 0.51±0.08 0.32-0.79 0.48±0.08 0.52±0.08 <0.001*

L5

MSD 16.4±2.6 10.4-31.0 16.8±2.9 16.1±2.4 0.014*

APD 30.8±3.0 17.3-39.0 32.5±3.1 29.6±2.3 <0.001*

Index 0.54±0.11 0.32-1.79 0.53±0.14 0.55±0.09 0.001*

Values expressed as millimeters. P value calculated for Statistical significance with Mann-Whitney U test for independent samples; 
significance set a p <0.05. n: sample size; MSD: Midsagittal diameter, APD: Anteroposterior diameter, SD: Standard deviation. 
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Fig. 2.- Pooled 95% error bar graph with mean MSD/APD ratio (y-axis) between men and women (x-axis). 

Table 2. Measurements of vertebrae from L1 to L5 with comparison between categorical age groups. 

Mean±SD by Age groups 
p≤29

(n )
30-39

(n )
40-49

(n )
50-59

(n )
60-69

(n )
≥70
(n )

L1

MSD 16.3±1.6 16.2±1.3 16.1±1.4 16.3±1.5 16.3±1.3 16.3±1.7 0.879

APD 27.3±2.9 28.3±2.9 28.0±3.1 28.2±2.5 29.0±2.7 29.5±2.7 0.004*

Index 0.60±0.08 0.58±0.08 0.58±0.08 0.59±0.08 0.57±0.07 0.56±0.08 0.145

L2

MSD 15.6±1.3 15.4±1.3 15.6±1.5 15.9±1.7 16.0±1.6 16.1±1.6 0.171

APD 28.4±2.8 29.3±2.9 29.1±3.2 29.2±2.8 29.8±3.2 30.3±2.6 0.035*

Index 0.55±0.07 0.53±0.08 0.54±0.08 0.55±0.08 0.55±0.09 0.54±0.08 0.638

L3

MSD 15.2±1.5 14.9±1.4 15.2±2.2 15.2±1.7 15.5±1.9 15.6±1.9 0.375

APD 29.1±2.9 30.3±3.0 30.0±3.5 30.4±2.8 31.2±3.2 31.7±3.0 0.001*

Index 0.53±0.07 0.50±0.08 0.52±0.18 0.51±0.08 0.50±0.09 0.50±0.09 0.201

L4

MSD 15.7±1.9 15.4±1.7 15.4±1.8 15.4±1.9 15.7±2.1 15.8±1.9 0.697

APD 29.7±2.9 30.7±2.7 30.6±3.1 31.0±2.6 32.0±3.1 32.5±2.9 0.000*

Index 0.54±0.09 0.51±0.08 0.51±0.08 0.50±0.08 0.50±0.09 0.49±0.08 0.084

L5

MSD 16.5±2.9 16.6±2.6 16.1±2.4 16.3±2.9 17.0±2.6 16.3±1.7 0.414

APD 29.7±3.0 30.8±2.8 30.4±3.0 30.9±2.9 31.7±2.9 32.2±2.6 0.002*

Index 0.56±0.12 0.55±0.10 0.53±0.08 0.54±0.16 0.54±0.08 0.51±0.07 0.315

Values expressed as millimeters. P value calculated for Statistical significance with Kruskal-Wallis test for independent samples; 
significance set a p <0.05. n: sample size; MSD: Midsagittal diameter, APD: Anteroposterior diameter, SD: Standard deviation. 
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Fig. 3.- Comparison between categorical age groups of the APD ratio stratified by age decades.

Fig. 4.- Comparison of the MSD/APD ratio between categorical age subgroups stratified by age decades.
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between the groups of 50 to 60 years and older 
than 70 years with all the other age subgroups (p 
<0.05). The MSD/APD lumbar index did not differ 
significantly between age groups in any of the ver-
tebrae, however, there was a tendency to decrease 
with age (Fig. 4). 

The presence of index lower than 0.5 was de-
termined. In 126 (31.6%) of the patients the in-
dex was lower than 0.5, these patients being con-
sidered asymptomatic. In the case of women, 45 
(35.7%) had an index lower than 0.5 while in men 
81 patients (64.3%) had an index lower than 0.5.

DISCUSSION
Multiple morphometric studies focus on study-

ing different measurements of the vertebral 
bones (Eisenstein et al., 1977; Gepstein et al., 
1991; Bajwa et al., 2013; Amonoo-Kuofi et al., 
1985; Azu et al., 2016). However, it’s worth point-
ing out that vertebral anatomy goes beyond the 
bony structures, and involves a complex set of soft 
tissue structures that are vulnerable to many fac-
tors, both congenital and acquired, such as age, 
trauma, occupation, posture, etc (Genevay et al., 
2010). Although LSS is defined as a narrowing of 
the spinal space at the lumbar level due to ana-
tomical changes, there is no consensus on a strict 
measure to be able to identify it through imaging 
studies such as magnetic resonance imaging or 
computed tomography. 

In a sample obtained from the Framingham 
Study of patients with LBP (Lower Back Pain), ste-
nosis in the study population was defined as ≤12 
mm (“relative” stenosis) and ≤10 mm (“absolute” 
stenosis). These cut-off points were arbitrarily ob-
tained based on the cut-off points used in multi-
ple studies (Kalichman et al., 2009). 

Normal cut-off points for the MSD/APD lumbar 
index have not been described. Qudsieh et. al 
mentions in his study conducted in the Jordanian 
population, in patients without spinal pathology 
or LBP an average index of 0.45 (0.43-0.46) (Quds-
ieh et al., 2022)

 In our population, we found a statistically sig-
nificant difference in the vertebral body with age. 
The older populations had a greater APD. The spi-
nal column functions as a shock-absorbent struc-

ture mainly by intervertebral discs, but involves 
skeletal structures as well, and gradually decreas-
es its shock-absorbing capability with senescence 
(Brzuszkiewicz-Kuźmicka et al., 2018). The in-
crease of APD with age may be hypothesized to be 
related to the decrease in shock absorption capa-
bility.  

In turn, there is a decrease in the Torg-Pavlov 
index, associated with age, where for each decade 
of life this index decreases, especially when going 
from the fourth decade of life to the fifth, although 
this relationship was not statistically significant. 
The mean in the index in these patients without 
spinal pathology was not lower than 0.5 in any of 
the vertebral levels.

The importance of anatomy research with a clin-
ical orientation is well established (Quiroga-Garza 
et al., 2020; Yammine, 2014; Tapia-Nañez et al., 
2022). Anatomical understanding of the differ-
ent clinical problems arising can guide clinical 
decisions and the learning of physicians (Gar-
cia-Leal et al., 2021; Muñoz-Leija et al., 2018; Es-
parza-Hernández et al., 2017). Examples of how 
knowledge of morphometric characteristics in 
skeletal structures with the purpose of better un-
derstanding and predicting clinical outcomes can 
be found widely in medical literature, both in ba-
sic and clinical sciences (Muñoz-Leija et al., 2018; 
Vázquez-Barragán et al., 2016; Guzman-Lopez et 
al., 2019; Vazquez-Zorrilla et al., 2020). Bajwa et 
al. (2013) described 420 skeletal specimens and 
concluded that a ratio of lower than 0.5 could be 
associated with a probability of spinal stenosis. In 
our study, in the general measurements of the pa-
tients, evaluated by each one of the vertebral lev-
els, an index higher than 0.5 was observed, taking 
into account that these patients did not present 
previous alterations at the lumbar spinal cord lev-
el before performing the imaging study. 

In 126 patients (31.6%), when performing a 
mean of the vertebral level indices, these were 
classified with an index of lower than 0.5, al-
though these patients did not have spinal cord 
compromise when they were chosen for the study.

However, they state the limitation of not consid-
ering the soft tissue component in the pathogen-
esis of disease. (Bajwa et al., 2013) The use of CT 
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not only improves the quality of the evidence, it 
allows the inclusion of ligaments and other mus-
culoskeletal structures. (Bajwa et al., 2013; Javid 
et al., 2013).

It is important to emphasize that there is no 
standard measure in the index that can predict 
the presence of LSS. Studies in Jordanian patients 
without lumbar pathology showed an index lower 
than the means obtained in our population (Table 
3) and where the presence of symptoms associ-
ated with LSS was not reported (Qudsieh et al., 
2022).

Geographic and ethnic characteristic of dif-
ferent populations influences the anatomy (Ter-
an-Garza et al., 2021). Morphometric studies have 
reported different mean indexes for the lumbar 
spine, with the highest index among Nepalese 
(Table 3). However, methodological techniques 
may influence, such as the use of dry bones (some 
may have deteriorated), incomplete samples, and 
lack of inter- and intra-observer confidence coef-
ficients ( Bajwa et al., 2013; Azu et al., 2016; Mans-
ur et al., 2020). All studies were also limited by the 
lack of height and weight of the individuals.

LSS pathophysiology has not been complete-
ly understood.N, it has been shown that posture, 
disc pathology, vascular flow obstruction, and ce-
rebrospinal fluid are influencing factors (Genevay 

et al., 2010). However, the evaluation of these is 
limited through imaging techniques, and there-
fore the relevance of the MSD/APD ratio will con-
tinue to be an objective tool, limited for consider-
ing only the skeletal structures. 

Limitations

Our study has the limitation of being an observa-
tional morphometric imaging study that does not 
consider the clinical characteristics of the patient 
such as the presence of LBP. Therefore, the clini-
cal correlation of the imaging studies remains the 
most important assessment of the patient. 

CONCLUSIONS
This study provides an accurate description of 

the normal morphometric parameters of the lum-
bar body/canal ratio in a Mexican population to 
assess clinical scenarios of LSS. Few studies eval-
uate the use of cut-off points to define an LSS. 

An index greater than 0.5 was the average found 
in the patients evaluated where there was no pre-
vious data on spinal cord involvement. Further 
studies are necessary to address both clinical 
characteristics and radiological characteristics to 
define the cut-off points associated with the pres-
ence of LSS.  

Table 3. Torg-Pavlov MSD/APD Index for Lumbar column, differences in populations.  

Author, 
year, 
country

Sample L1 L2 L3 L4 L5

Azu et al., 
2013
South Africa

107
Dry bone 0.65±0.09 0.52±0.07 0.53±0.07 0.52±0.05 0.53±0.06

Bajwa et al., 
2014
USA

420
Dry bone 0.57±0.07 0.55±0.06 0.53±0.06 0.52±0.07 0.52±0.08

Mansur et al., 
2020
Nepal

266
CT 0.60±NR 0.60±NR 0.58±NR 0.58±NR 0.54±NR

Qudsieh et al., 
2021 
Jordanian

68*
MR 0.51±0.08 0.46±0.09 0.40±0.08 0.42±0.08 0.46±0.12

Teran-Garza et al., 
2023
Mexico

400
CT 0.58±0.08 0.54±0.08 0.51±0.11 0.51±0.08 0.54±0.11

CT: computed tomography; SD: Standard deviation. NR: Not reported. 
* Original study by Qudsieh et al. (2022) included 218 patients, however, the general measurements per vertebra were not reported, 
so the most extensive age group evaluated (50-59 years)  was taken for comparison.
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