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Evolving Trends in Anatomy Teaching across the Globe: A New 
Perspective

The basic purpose of all governments is to produce 
competent medical graduates who should be able to 
perform basic medical and surgical procedures efficiently 
with precision and competence.

To achieve this various curricula have been prepared 
by different national agencies concerned with medical 
education. Most of these curricula included two things 
in common: Didactic classroom lectures and dissection 
on cadavers so that medical students must acquire good 
anatomical knowledge to build a solid background for 
future clinical practices.

The application of classical anatomy teaching was impossible 
to carry out during the COVID‑19 period.[1] Further how 
long it would take for this pandemic to end was not certain. 
In order to overcome this problem new teaching and learning 
methods were evolved during this period, which were 
multimodal teaching and digitalization of Anatomy.

The video‑based learning with dissection were posted on 
YouTube for team‑based (or individual) self‑learning using 
computers and other technologies.

Now in Anatomy teaching the use of e‑technology 
has become a common norm in the form of models, 
simulations, and e‑books[2] (Triepels et al. 2020).

With these changes in place a subject like Anatomy which 
was considered a dull subject because it was mainly 
concerned with the memorization of anatomical facts.[3], has 
been made more fascinating by making it more interactive 
and engaging to obtain deeper learning so that the students 
could apply their knowledge in the clinical context.

In our opinion, the future is digital and the next step 
should be the evolution of virtual teaching platforms 
demonstrating common medical procedures such as 
intradermal, intramuscular, intravenous injections etc to be 
shown on videos.

The common basic surgical procedures such as treatment 
of hydrocele, hernia, lipoma (cyst), transllectomy etc must 
also be explained and demonstrated in virtually.

There should also be an inclusion of technical procedures 
such as cardiopulmonary resuscitation, use of oxygen 
cylinder, ventilator, rhinoscopy, and endoscopy that may be 
demonstrated it on dummies/cadavers.

Furthermore, must not be forgotten that once the COVID 
period is over, all efforts should be made to resume the 

manual dissection on cadavers, as it is must for Anatomy 
teaching and thus shall create true blended learning.

This would not only make Anatomy teaching more 
interesting but also enable the production of competent 
medical graduates.

Vishram Singh, Rashi Singh1

Department of Anatomy, Kasturba Medical College, Mangalore, Manipal 
Academy of Higher Education, Manipal, Karnataka, 1Department 
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Abstract
Introduction: A dynamic teaching–learning environment is being established in Indian medical 
institutions with the implementation of a competency‑based medical education curriculum. This 
new curriculum may change the previous pattern of usage of educational resources by the medical 
students. We aimed to explore the pattern of usage of resources by the 1st‑year medical students. 
Material and Methods: We invited 1st‑year medical students of three medical colleges for an online 
survey. There were 17 statements in the questionnaire with 5‑point Likert‑type response options to 
collect data on the preference of type of classes, frequency of collection of notes, pattern of reading, 
and usage of multimedia. Results: A total of 127 (response rate 42.6%) students participated in the 
survey. Practical classes were the most preferred type of class followed by small group teaching. 
Students preferred to take notes from 1‑h lectures than making notes while reading books. Traditional 
textbooks were the most preferred material read by the students followed by the question–answer 
type book. E‑book downloaded on the smartphone was preferred over the online e‑book. Internet 
searches and watching YouTube™ videos were popular than watching e‑content provided with 
the textbook. Discussion and Conclusion: In the age of smartphones and the internet, traditional 
learning resources are still popular among 1st‑year medical students. However, learning is reinforced 
by widely available electronic content. Hence, blended teaching with both traditional and e‑resource 
may be considered by medical teachers.

Keywords: Learning, medical education, medical students, reading, smartphone

Educational Resources Used by 1st‑Year Medical Students
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Introduction
A competency‑based, dynamic, and 
learner‑centric undergraduate curriculum 
has been introduced to train Indian 
medical graduates.[1] Learning basic 
medical sciences has been enriched with 
early clinical exposure and self‑directed 
learning.[2,3] A sudden change in the 
curriculum is a challenging situation for 
both teachers and students.[4] Traditional 
textbooks and manuals may lack targeted 
content and arrangement. The teachers may 
get adequate time for collecting resources 
for teaching. However, the students may 
not get that much time to collect resources 
for learning a topic.

Wynter et al. have explored the resources 
used by medical students in a sample of 
Australian medical students. They found 
that the majority of the students learn a 
topic with the help of textbooks and written 
notes along with the use of varieties of 
e‑learning tools.[5]

Punja et al. have ascertained the perception 
of Indian 1st‑year medical students for 
learning anatomy and found that small 
group teaching and early clinical exposure 
were the most favored mode of learning.[6]

To the best of our knowledge, no study has 
been conducted to find out the resources 
used by the 1st‑year medical students after 
the introduction of the competency‑based 
medical education curriculum. Hence, in 
this study, we aimed to know the pattern 
of usage of different resources by 1st‑year 
medical students. The knowledge would 
help the teachers to understand how students 
are learning a topic. This would facilitate 
the teachers to teach in a balanced manner 
with the blending of different resources.

Material and Methods
This questionnaire‑based, cross‑sectional, 
observational study was conducted with 
1st‑year medical students.

Survey questionnaire

After reviewing relevant literature about the 
resources used by medical students,[5‑10] we 
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designed a questionnaire that collects data on (a) preference 
of classes, (b) frequency of collection of notes, (c) pattern 
of reading, and (d) frequency of multimedia usage. The 
questionnaire was composed of 17 statements with 5‑point 
Likert‑type response options. The questionnaire is available 
in Annexure 1. The questionnaire was created on Google 
Forms, an online platform which can be used to collect 
survey response.[11] The questionnaire has an informed 
consent statement at the beginning and agreement to the 
consent allows a user to submit the survey response.

Participants

The survey links were probably exposed (we did not 
distribute the links directly to the students) to 298 1st‑year 
medical students (maximum number of 1st‑year medical 
students in three medical colleges) of three government‑run 
medical colleges in Eastern India.

Data collection method

A quick response (QR) code was generated with the web link 
of the survey questionnaire, and posters were made with the 
QR code with a message for voluntary participation in the 
survey. The posters were put up on a wall that is easily visible 
to the 1st‑year medical students. They were also informed 
that an online survey is being conducted on which they 
can provide their response without revealing their identity. 
Willing students scanned the QR code which lands them to 
the consent form for participation and the questionnaire. The 
submitted response was collected from Google Forms after a 
period of 1 week. After collecting the data, the questionnaire 
was closed for further response in Google Forms.

Statistical analysis

The survey response was coded for making it quantitative 
data with the extreme agreement as 5 and extreme 
disagreement as 1 (i.e. strongly agree = 5, agree = 4, 
neutral/neither agree nor disagree = 3, disagree = 2, 
strongly disagree = 1). Data was presented in percentages 
and mean and standard deviation. The mean between males 
and females was compared by unpaired t‑test. For the 
entire statistical test, a P < 0.05 was considered statistically 
significant. The data coding and analysis were carried out 
in Microsoft Excel® 2010 (Microsoft Corporation, USA) 
and GraphPad Prism 6.01 (GraphPad Software, CA, USA).

Results
A total of 127 students (female 61 [48.03%], male 
66 [51.97%]) with mean age 18.64 ± 1.25 years (female 
18.75 ± 1.36 years and male 18.64 ± 1.25 years) 
participated in the survey (response rate 42.6%).

The practical classes were the most preferred type of class, 
followed by small group discussions [Figure 1].

Taking notes from the 1‑h lecture is popular among 
students. However, they also make written notes while 
reading a book for learning a topic [Figure 2].

Reading a textbook is the most frequently used method 
for learning a topic. Searching on the internet was more 
frequently used than reading e‑books. Medical journals are 
rarely accessed by 1st‑year medical students [Figure 3].

Among the e‑contents, tutorial video from YouTube™ was 
more frequently accessed than textbook‑provided animated 
videos [Figure 4].

The usage of resources by female and male students is 
shown in Table 1. Female students make notes (P < 0.001) 
and take notes (P = 0.04) from 1‑h lecture more than 
male students. Male students read question–answer 
type books (P = 0.03), watch tutorial videos provided 
in the textbook (P = 0.02), and online/YouTube™ 
videos (P = 0.006) more than female students.

Discussion
Type of class

We found that practical classes are the most preferred type 
of class by the 1st‑year medical students. The underlying 

Figure 1: Preference of 1‑h lectures, practical classes, and SGD in 1st‑year 
medical students. SGD: Small‑group discussions

Figure 2: Frequency of collecting notes by 1st‑year medical students

Figure 3: Frequency of type of reading in 1st‑year medical students
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reason may be the facility of hands‑on training on the topic 
that students learn. Small group discussion, another method 
of learning, is also preferred more than the didactic lecture. 
This is not a surprising finding, and it is corroborative 
with other studies which report less preference of 1‑h 
lecture.[12‑15] However, the 1‑h lecture is unavoidable as it 
facilitates knowledge dispersion among a large group of 
students at a time. Indian medical colleges, mostly running 
with a minimum number of medical teachers,[16] may not 
afford to cut down the 1‑h lecture classes. However, it 
may be made interesting by the use of multimedia and 
interactive teaching. Teachers can even make the collection 
of attendance more interesting by the application of newer 
methods.[17]

Collection of notes

Students like to take notes from the topic taught in the 
1‑h lecture classes. This preference helps the students 
in studying as they can sort out important topics 
from voluminous textbooks, remember and connect 
between topics, and get a chance to review it after the 
class.[18] Students also favor making notes from other 
sources. Female students tend to take notes from the 
1‑h lecture and make written notes more than male 

students [Table 1]. Medical teachers may provide scope for 
writing down important parts of their lectures.[19] Students 
rarely collect PowerPoint™ slides from the teachers. There 
may be multiple factors underlying this finding. As the 
students are writing notes from the class; hence, they may 
not need the slides. In addition, students may feel shy in 
asking for the slides. However, teachers may upload the 
slides in any free repository or popular social media such 
as SlideShare for students and teachers. The concept of 
sharing educational resource before conduct of the class 
is a part of a trending method of learning called flipped 
classroom.[20]

Reading trends

Indian 1st‑year medical students prefer to read textbooks 
for learning a topic than question–answer type books 
and e‑resources. Among the students, male students 
read question–answer type books more than female 
students [Table 1]. All other reading patterns did not show 
any gender difference. This is corroborative to a study 
conducted by Ahmad and Asif.[21] E‑books are available 
online or in downloaded form. We found that students 
prefer to read the e‑books in downloaded form. The usage 
of e‑book (both online and downloaded) is less preferred 
over searching the topic on the internet. The reason behind 
this behavior may be easily available information from 
search results provided by search engines. Although there 
are various authentic sources of educational material on 
the internet, the search result may not find the appropriate 
one always.[22] Hence, students may be guided on how to 
search for authentic educational material online. 1st‑year 
medical students rarely read medical journals. However, 
to know new researches on the subjects, we need to refer 
to medical journals. Hence, students may be encouraged 
to browse medical journals from the library and the online 

Table 1: Resource usage in female and male first‑year medical students
Statement Female (n=61) Male (n=66) t‑test P Overall
Making written notes 3.97±0.8 3.23±1.23 <0.001* 3.58±1.10
Taking notes from 1‑h lecture 4.08±0.86 3.73±1.07 0.04* 3.9±0.99
Collecting PowerPoint™ slides 1.41±0.67 1.29±0.52 0.25 1.35±0.60
Prefer 1‑h lecture classes 3.51±1.25 3.52±1.34 0.98 3.51±1.29
Prefer small group discussions 4.31±0.59 4.06±0.68 0.07 4.18±0.79
Prefer practical classes 4.51±0.6 4.56±0.68 0.65 4.54±0.64
Reading textbook 4.56±0.59 4.56±0.73 0.98 4.56±0.66
Reading question–answer type book 2.28±1.03 2.71±1.19 0.03* 2.50±1.13
Watching video/animation provided in textbook 2±1.05 2.55±1.41 0.02* 2.28±1.27
Reading e‑book online 1.67±0.85 1.85±0.86 0.25 1.76±0.86
Reading downloaded e‑book 2.79±1.03 2.97±1.16 0.35 2.88±1.10
Using online question bank/MCQ/quiz 2.57±1.06 2.38±1.11 0.31 2.47±1.08
Searching on the internet (Google/Yahoo etc.) 3.56±1.12 3.48±0.95 0.69 3.52±1.03
Watching video (/YouTube™) tutorial 3.02±1.09 3.55±1.06 0.006* 3.29±1.09
Reading journals from library 1.33±0.54 1.41±0.58 0.42 1.37±0.56
Reading journals online 1.54±0.74 1.7±0.98 0.32 1.62±0.87
Using smartphone application 2.69±1.29 2.39±1.19 0.18 2.53±1.24
*Statistically significant P value. MCQ: Multiple‑choice question

Figure 4: Frequency of usage of various types of multimedia in 1st‑year 
medical students
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repository or freely available bibliographic databases such 
as Directory of Open Access Journals and PubMed Central.

Usage of multimedia

We found that watching online videos on YouTube™ 
is more preferred than the multimedia provided in the 
textbook. Male students tend to watch videos, be it 
textbook‑provided or YouTube™, more than female 
students [Table 1]. Overall, watching YouTube™ videos 
has been increased for academic learning in recent 
times.[23] Medical teachers and institutions may gradually 
build a collection of authentic tutorial videos available 
free on YouTube™. These videos not only make learning 
interesting, but it may also help in revising a topic or 
may be helpful for students who remain absent in a 
class. Smartphone use has been increased in recent years 
for teaching and learning due to the easy availability 
of smartphones and internet connection.[24] These new 
technologies should be adapted to make the students more 
interested. However, a perfect balance is necessary between 
traditional and modern‑age technology of teaching.[25]

Novelty and limitations of the study

In this study, we have explored the resources used by 
1st‑year medical students for learning basic medical 
science after the introduction of the competency‑based 
undergraduate medical curriculum. This information 
would help the medical teachers in designing their 
teaching strategies. This online survey did not collect any 
identification of the respondents, except the age and sex 
to reduce any response bias. However, this pilot study was 
conducted with a sample of three medical colleges from 
Eastern India. A future study is needed with participants 
from multiple colleges all over India for a more generalized 
result.

Conclusion
Traditional learning resources such as reading textbooks, 
taking notes from lecture classes, and making written 
notes are still popular among the 1st‑year medical students. 
Along with these, students watch online tutorial videos 
and use smartphone applications for learning basic medical 
sciences. Medical teachers may use a combination of both 
traditional and new technologies to make teaching more 
acceptable to the students.
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Annexure

Annexure 1: The survey questionnaire
I am Female Male Prefer not to say
My age is ………. years

Strongly 
Disagree

Disagree Neither disagree, 
nor agree

Agree Strongly agree

I prefer to attend lecture class Ο Ο Ο Ο Ο
I prefer to attend small group discussion Ο Ο Ο Ο Ο
I prefer to attend practical classes Ο Ο Ο Ο Ο

Never Rarely Sometimes Often Always
I take written notes from the lecture classes Ο Ο Ο Ο Ο
I collect PowerPoint slides from teachers Ο Ο Ο Ο Ο
I make written notes for the topic i am learning Ο Ο Ο Ο Ο
I read textbooks for learning a topic Ο Ο Ο Ο Ο
I read question–answer type books for learning a topic Ο Ο Ο Ο Ο
I watch video or animation provided with the textbook Ο Ο Ο Ο Ο
I read e‑book online Ο Ο Ο Ο Ο
I read e‑book after downloading and saving it Ο Ο Ο Ο Ο
I use online question bank or quiz Ο Ο Ο Ο Ο
I use internet search (Google, Yahoo, etc.) for learning a topic Ο Ο Ο Ο Ο
I watch online/YouTube video tutorial for learning a topic Ο Ο Ο Ο Ο
I read printed medical journals from library Ο Ο Ο Ο Ο
I read medical journals online Ο Ο Ο Ο Ο
I use mobile application for learning a topic Ο Ο Ο Ο Ο
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Abstract
Introduction: Retina is an innermost, delicate, and photosensitive layer of the eyeball, which is 
composed of 10 layers and 8 specialized cells which are involved in paramount function of the 
body like vision. Retinal neurogenesis commences from the layers of optic cup, which forms from 
optic vesicle. Progenitor cells are the tissue‑specific cells which give rise to all different types 
of retinal cells. Progenitor cells in fetal retina proliferate at specific time during development of 
retina. Knowledge of the highest proliferative capacity interval of progenitor cells will be valuable 
for transplantation. Material and Methods: Twenty‑eight fetuses of spontaneous abortions of 13th–
40th week were collected from MGM Hospital after ethical and scientific approval of the institute. 
After fixation of fetuses, eyeballs were extracted and fixed in buffer solution. Sections were taken 
and the retina was treated with Ki‑67 immunohistochemistry marker to observe proliferative capacity 
of retinal progenitor cells (RPCs). Seven groups (A to G) of 4 weeks were made and observations of 
each group were noted. Results: It was observed that the highest proliferative capacity of RPCs was 
in B group (17–20 weeks) and the highest proliferative capacity of RPCs was maximum at 19th week 
of gestation. Discussion and Conclusion: Characteristics of progenitor cells in retina are well 
studied. Their highest proliferation period can be utilized to make the procedure of transplantation 
more refined.
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Introduction
Retina is a specialized, thin membrane of 
the eyeball, composed of chain of distinct 
cells which are involved in receiving 
light signal from exterior, converting 
into visual signal, and conveying to 
brain for perception. Two layers such as 
neurosensory and pigment epithelium of the 
retina are derived from the inner and outer 
part of the neuroectoderm, respectively. 
Retinal pigment epithelium, supporting 
cells such as Muller cells and astrocytes, 
photoreceptors such as rods and cones, 
supporting neurons such as amacrine 
and horizontal cells, and neurons such as 
bipolar and ganglionic cells show a specific 
arrangement, tremendous coordination 
for carrying out indispensable function of 
vision. Damage to any individual neuron 
within the neural retina could lead to 
disruption of the retinal function and vision 
loss.[1] Pathologies of the neural retina 
represent some of the most common causes 
of vision impairment and blindness.[2] 
Retinitis pigmentosa is one of the diseases 

of the retina where there is degeneration and 
death of photoreceptor cells, and it affects 
1/3000–4000 individuals younger than 
60 years of age.[3] Regeneration in retina is 
possible, which was shown in the 18th and 
19th century, and it was confirmed that 
retinal pigment epithelium could regenerate 
newt retina.[4] The ciliary marginal zone, 
retinal pigment epithelium, muller cells, 
and ciliary epithelial cells have the capacity 
to reenter the cell cycle, and they express 
several genes which are expressed in 
retinal progenitor cells (RPCs).[5] The use 
of RPCs for neuronal regeneration is an 
active area of investigation.[6] Progenitor 
cells in retina are tissue‑specific cells which 
are competent to make cells of desire in 
retina and this has wide application in 
retinal transplantation if different retinal 
disorders. Studies regarding generation of 
RPCs in rat,[7] xenopus,[8] mice,[9] human,[10] 
and isolation and efficacy of RPCs,[11] 
factors involved in differentiation and 
proliferation,[12] and therapeutic potential 
of human RPCs[13] have been done. All 
the dimensions of RPCs studied are of 
great value. Knowledge of maximum 
proliferation activity of RPCs in specific 
gestational age would be considered for 

Received: 30 May 2021
Accepted: 23 August 2021
Available online: ***

Article Info

This is an open access journal, and articles are 
distributed under the terms of the Creative Commons 
Attribution‑NonCommercial‑ShareAlike 4.0 License, which 
allows others to remix, tweak, and build upon the work 
non‑commercially, as long as appropriate credit is given and 
the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

Original Article



Mane and Sabnis: Progenitor cells in fetal retina

Journal of the Anatomical Society of India ¦ Volume 70 ¦ Issue 3 ¦ July-September 2021 137

retinal transplantation. In the study, proliferative capacity 
of RPCs in fetal retina is studied in different gestational 
ages with Ki67 immunohistochemistry marker.

Material and Methods
Type of the study: Exploratory study design

Fifty‑six eyeballs (right and left) from 28 fetuses of both 
sexes of gestational age ranging from 13th to 40th week 
were obtained from MGM Kalamboli Hospital through 
spontaneous abortion and medical termination of pregnancy 
after taking parent’s consent and obtaining ethical and 
scientific approval of institution. Macerated or decomposed 
fetuses, fetuses with congenital anomalies, and fetuses 
with a maternal history of any disorders were not included 
in the study. Fetuses were preserved in 10% formalin. 
Horizontal and vertical incision was taken on the eyelid 
and the eyelid was removed. Ten percent neutral buffer 
formalin was injected around the eyeball. Eyeballs were 
taken out through the orbit from its anterior aspect with 
help of special dural forceps. To understand the side of 
eyeball after enucleation, marking was done with eosin 
stain on superior and temporal side of eyeball. It was kept 
in Davidson’s fixative solution for 24 h. The eyeballs were 
cut in horizontal section at the center of cornea and optic 
nerve projection, and the eyeballs were immersed in 10% 
neutral formalin for 1 day. Tissue was fixed and treated 
with immunohistochemistry marker Ki67.

Immunohistochemistry protocol

1. Section cutting: 3–4 micrometer thick sections of the 
slides were taken on saline or poly‑L‑lysine coated slide

2. It was then transferred to three changes of xylene for 
30 min

3. Later rehydrate with decreasing grades of alcohol 
absolute, 95%, 70%, and 50%

4. Finally, the sections were washed under tap water for 
30 min

5. Antigen retrieval
The demonstration of many antigens can be significantly 

improved by the pretreatment with the antigen retrieval 
reagents that break the protein cross‑link formed by 
formalin fixation and thereby uncover hidden antigenic 
sites.

This was by adding citrate buffer pH 6 and antigen retrieval 
reagents. Heat‑mediated antigen retrieval was done in the 
microwave oven at 800 watt for 10 min, following 420 
watt for 10 min and 360 watt for 5 min.

6. Immunostaining
a. Peroxidase block with 3% hydrogen peroxide in 

methanol 5 min
b. Power block: Incubate sections for 10 with 

primary antibody: anti‑CD34/ki‑67 (Santa Cruz 
Biotechnology, Santa Cruz, CA) at 0.025/g/ml

c. CD34/ki‑67 for 30 min at room temperature
d. Wash in Tris buffer solution pH 7.4 – 10 min
e. Super enhancer: Incubate with super enhancer for 

10 min
f. Wash in Tris buffer solution pH 7.4 – 10 min
g. Poly HRP: Incubate with poly HRP for 30 min
h. Wash in Tris buffer solution pH 7.4 – 10 min
i. Substrate: Incubate with substrate DAB and check 

for the color change, brown color appears within 
5–10 min

j. Wash in Tris buffer solution pH 7.4 – 10 min.

7. Transfer to tap water for 10–20 min
8. Put into increasing grades of alcohol 50%, 70%, and 

95% and absolute alcohol
9. Transfer to three changes of xylene.

Slides were prepared, dried, mounted in DPX, and covered 
with coverslip. Seven groups were categorized as per 
gestational age. Each group was composed of 4 weeks 
of gestation. They were labelled A to G. the slides were 
scanned under light microscope at 10 X and 40 X.  All the 
sections were studied under the compound light research 
microscope and microphotography was done with USB 
camera.

Table 1: Proliferative capacity of retinal progenitor cells at different groups
Gestational 
weeks

Group Ki‑67%
Number of 

fetuses (retina)
Minimum Maximum Mean SD SEM 95% CI of mean (lower–upper) P

13‑16 A 4 (8) 43.00 67.00 55.83 9.22 3.76 46.16‑65.51 <0.001
17‑20 B 4 (8) 72.00 87.00 82.25 4.83 1.71 78.21‑86.29
21‑24 C 4 (8) 51.00 79.00 66.80 9.45 2.99 60.04‑73.56
25‑28 D 4 (8) 34.00 48.00 40.57 4.93 1.86 36.01‑45.13
29‑32 E 4 (8) 25.00 38.00 33.00 4.28 1.51 29.43‑36.58
33‑36 F 4 (8) 15.00 29.00 23.00 4.81 1.70 18.98‑27.02
37‑40 G 4 (8) 3.00 14.00 8.50 3.59 1.2677 5.50‑11.50
At the 13‑16 weeks mean percentage of progenitor cells was 55.83% (n = 8, SD = 9.22) at the 17‑20 weeks 82.25% (n = 8, SD = 4.83) and the 
at 37‑40 weeks the mean was 8.50% (n = 8, SD = 3.59). The percentage of progenitor cells was compared using one‑way ANOVA. The result 
indicates that, there is high significant increase in the percentage of progenitor cells with increase in gestational age up to 20 weeks (P < 0.001). 
SD: Standard deviation, SEM: Standard error of mean, CI: Confidence interval
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Data analysis for ki‑67: The number of progenitor cells 
was assessed in sections of the retina. We recorded 20 
measurements/fetus. The counts were expressed as average 
percentage of progenitor cells positive for Ki‑67 marker 
in the retina of each fetus. Then, the mean percentage of 
progenitor cells was determined for each group.

Results
1. Observations of right and left retina were similar
2. Proliferative capacity of RPCs was highest in B 

group (17–20 weeks) and it was maximum at 19th week 
of gestation [Table 1].

Discussion
Stem cells are the cells which are capable of proliferation, 
self‑renewal, and differentiation into various types of 
cells. These are called totipotent cells when isolated from 
fertilized oocyte, pluripotent when isolated from blastocyst, 
and multipotent when isolated from fully developed adult 
tissue.[14] Multipotent stem cells are referred as progenitor 
cells.[15] Ability of progenitor cells to get transform into 
various cells explores new avenue in medicine where 
regenerative therapy is essential. Retinal degenerative 
conditions like retinitis pigmentosa, age related macula 
degeneration where progressive visual decline results 
because of continuing loss of photoreceptor cells. Injecting 
progenitor cells in such cases is a promising attempt 
which would help to restore vision as progenitor cells 
have peculiarity to convert into various type of cells of 
retina. Progenitor cells are able to retain their progenitor 
status and these cells are not tumorigenic over the period. 
They may provide renewable, stable, and consistent 
supply of transplantable cells in the treatment of retinal 
degeneration.[10] Transplantation of progenitor cells of fetal 
retina into degenerative retinal diseases would be fruitful 
in protecting visual function.[13] Human embryonic stem 
cells can be selectively directed to neural retinal fate and 
may be useful in the treatment of retinal degeneration.[12] 
RPCs are obtained from fetal eyes at 16 to 18 weeks of 
gestation when retinal differentiation has been well defined.

[16] Human RPCs from 16th to 18th weeks of gestational age 
had the longest survival in vitro and yielded the maximum 
number of cells, proliferating over at least 6 passages. 
These cells expressed the retinal stem cell markers nestin 
and Ki‑67. They studied the growth of progenitor cells 
only few weeks from the 12th to 18th weeks of gestational 
age and showed that cells from donor tissue of 16th –18th 
weeks  of gestational age exhibit the best proliferative 
dynamics under the specified conditions.[17] After harvesting 
the cells of the retina, it was found that progenitor cell 
lines were derived from human fetal retina at 10–12 weeks 
of gestation and these progenitor cells at 12 weeks 
are partially committed toward retinal phenotype and 
competent to develop into cone and rods.[10] In the current 
study, we observed that maximum proliferation capacity of 
RPCs is at 19th week [Figure 1 and Graph 1] and a steady 
increase in Ki‑67 expression between 13th and 20th weeks 
was detected, which was seen as brown signal with the 
immunohistochemical marker Ki‑67. Ki‑67 antibody 
is a nuclear protein and associated with proliferation 
of progenitor cells. It is a proliferative marker and is 
expresses only in cells that are actively dividing.[18] A large 
subpopulation of human retina progenitor cells showed a 
characteristic nuclear pattern with Ki‑67, indicating that 
the majority of these cells remained in a proliferative 
stage. Our findings through immunohistochemistry 
confirm that progenitor cells sustain their undifferentiated 
identity in the developing retina. A large population of 
these undifferentiated cells labeled strongly for Ki‑67 
at different gestational ages. The molecular and cellular 
markers, especially cell surface markers, are important 
tools for evaluating progenitor properties and monitoring 
the progression of progenitors during development.[19,20] In 
the present study, the maximum number of undifferentiated 
human RPCs were present at the 19th weeks, and afterward, 
these undifferentiated RPCs get differentiated into mature 
retinal cell types. Human RPCs can be isolated from fetal 
human eyes and these cells can be grown in vitro. They 
also showed that these cells remain in an undifferentiated 
state through late passage and that they can integrate and 

Figure 1: Proliferation of  retinal progenitor  cells  in different gestational weeks under ×40. Brown colored signal  shows  retinal progenitor  cell with 
immunohistochemical marker Ki‑67
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differentiate into mature photoreceptors both in vivo and 
in vitro.[21,22] The findings of proliferation capacity of RPCs 
in fetal retina is very promising and it may take us forward 
in the field of retinal transplantation. Knowledge regarding 
the highest proliferative phase in fetal retina is favorable to 
isolate RPCs from ideal gestational age and generate large 
numbers of RPCs that are genetically and phenotypically 
similar. This study furnishes the capacity of proliferation of 
RPCs for marching toward transplantation in the field of 
regeneration.

Conclusion
Proliferation of progenitor cells in human fetal retina was 
increasing from 13th to 20th week of gestation with the 
highest amount of proliferation being at 19th week. To 
isolate and culture RPCs in human feral retina, 19th week 
of gestation can be targeted to have fruitful results.
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Abstract
Introduction: Teaching anatomy moved from teacher‑centered to student‑centered learning. 
Three‑dimensional models help to improve self‑learning of basic concepts other than anatomical 
spatial relationships. Wax and plastinated models were compared for appropriateness and safety in 
teaching human anatomy to health‑care professionals. Material and Methods: Randomized crossover 
trial. The CONSORT checklist for randomized crossover trials was followed. Eighteen volunteer 
physiotherapy students at the University of Padova were randomized into two crossing‑over groups 
applying to wax and plastinated heart models. Final Likert survey scales were administered. Results: 
They reported that the wax models presented a more pleasant smell, a better chromatic appearance, 
and superior ease of handling than plastinated models, with a higher degree of perceived biological 
safety. Wax models were judged less suitable for educational use and for clarifying anatomical 
doubts, both in assessing external and internal anatomical details. Discussion and Conclusion: 
Overall, the plastinated models were considered more suitable for educational use in teaching internal 
and external anatomical details. The wax models showed a better appearance, ease of handling, and 
a minor perceived biological hazard.
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wax model
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Introduction
Historically, the dissection of human 
bodies has been the most relevant teaching 
paradigm for gross anatomy learning since 
the late 16th century. A body donation 
program was implemented at the Institute 
of Human Anatomy of the University of 
Padova to make health‑care professionals 
specifically, anatomy education and 
research activities on real human models.[1] 
However, the exponential growth of interest 
in anatomical education on cadavers by 
students and postgraduates, jointly with the 
increase of class sizes, makes the number 
of available bodies insufficient to meet 
current needs fully.

The paradigm shift has moved from passive 
and teacher‑centered learning toward active 
and student‑centered learning by integrating 
supplementary multimodal teaching 
resources.[2] Interactive three‑dimensional 
models may improve the long‑lasting 
retaining of anatomical details and 
understand their spatial arrangement and 

neighborhood relationships. Indeed, they 
are increasingly required by health‑care 
students, with a favorable impact on 
student’s perception and learning.[2‑4] 
Among the tools traditionally used for 
this purpose, there are both wax and 
plastinated models.[5‑8] They are widely 
used for didactical purposes, attempting 
to reproduce and clarify the human 
body’s three‑dimensional organization 
and complexity. They recall the actions 
and results of an anatomic dissection 
as performed by an anatomist, being 
a potential option to reproduce and 
manipulate specimens as close as possible 
to reality.[9]

Mainly, anatomical wax modeling (also 
named ceroplastics or less frequently 
moulage) referred to a traditional technique 
involving wax obtained by bees or other 
animals/vegetable sources to manufacture 
high‑quality artworks colored so realistic 
that they resemble almost lifelike.[7,10] They 
require unique expertise and are time‑ and 
money‑consuming.[11]
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On the other hand, anatomical plastination was introduced 
in the late 1970s using silicone rubber, polyester, or epoxy 
resin to produce treated specimens of high durability 
that are extensively used in anatomical research and 
medical teaching.[12,13] However, one negative point is the 
complexity of the operations necessary for the production 
of the models, resulting in an articulate and expensive 
process with low chromatic credibility.[5]

The present study compared three‑dimensional wax versus 
plastinated models to investigate their impact on practical 
experience. Mainly, it explores which one is perceived as 
more useful, safe, and appropriate for the study of basic 
human anatomy in a university course devoted to health 
professionals such as physiotherapists.

Material and Methods
A single‑day crossing‑over trial was implemented 
to test the hypothesis and compare the usefulness/
appropriateness of wax and plastinated anatomical 
models in teaching anatomy [Figure 1]. The CONSORT 
checklist for randomized crossover trials was 
followed [Supplementary File 1].

Outcomes

The following outcomes were investigated: perceived 
biological hazard, perception of internal and external 

anatomical configuration, color and smell, usefulness 
in clarifying anatomical doubts they had, and overall 
appropriateness in teaching anatomy.

Selection and description of participants, randomization 
to groups and variables.

One author (BBR) enrolled participants, managed the 
allocation, and assigned participants to the interventions 
sequence.

All the first‑year students attending the mandatory course 
in general macroscopic anatomy in the first semester of 
the 3‑year cycle degree course of physiotherapy at the 
University of  Padova were considered eligible. As the 
number of potential applications was less than the number 
of available positions, a selection test was not carried out. 
Moreover, as the trial had a limited number of students 
available, the preliminary calculation of the sample size 
was not carried out. All physiotherapy students were unpaid 
volunteers.

Student’s data, i.e. “gender,” “age,” and “scoring arithmetic 
mean for passed examinations,” were collected.

They were subsequently randomized by simple 
allocation to a first group, which applied for up to 
10 min to a wax anatomical model, and a second one 
applied for up to 10 minutes to a plastinated anatomical 
model (first step). Randomization was performed on the 
random‑order‑of‑service basis, and the allocation ratio was 
1:1. This way, whenever the two anatomical models became 
free, the next student was chosen randomly from the queue, 
each participant being equally likely to be selected. After 
the first step, the groups reversed without any washout 
period, applying to the type of anatomical model they had 
not yet used, according to a crossing‑over experimental 
design [Figure 1]. As no information was required to be 
retained between steps, we excluded a carryover effect. 
Moreover, blinding was prevented by the type of experiment.

Wax and plastinated models

We chose to focalize the experiment on human hearts due to 
practical and logistic convenience. Physiotherapy students 
were given a whole and dissected human hearts both as 
wax (n = 2) and plastinated (n = 2) models [Figure 2]. 
The two models were considered substantially suitable in 
size, integrity, correspondence to anatomical reality, and 
potential teaching usefulness. As the models were human 
hearts, treated or reproduced, a certain similarity of the 
experimental interventions was implicit.

The plastinated models were taken from two adult males 
included in the Body Donation Program of the University 
of Padova.[14] The Regional Bioethics Committee approved 
the study for exemption from the formal review as part 
of the Body Donation Program of the University of 
Padova. The scientific coordinator of the donation program 
supervised the study.Figure 1: Experimental design
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The wax models were taken from the historical collection 
of the Institute of Human Anatomy ‑ University of Padova, 
dating back to the early 20th century.

Test

After the manual examination of the wax and plastinated 
models, participants were asked to fill an anonymized 
questionnaire. It consisted of ten questions focused on the 
following: adequacy of the time given to complete the task, 
evaluation of the models on perceived biological hazard, 
internal and external anatomical configuration, color and 
smell, usefulness in clarifying anatomical doubts they had, 
and their appropriateness in teaching anatomy.

The available answers were arranged according to the 
five levels of a standard Likert survey scale (strongly 
disagree [1 point], disagree [2 points], undecided [3 points], 
Agree [4 points], and strongly agree [5 points]).

The questions were reduced to prevent the tendency 
to respond in a specific direction to a series 
of items, regardless of the differences in item 
content (“response set bias”). It could be partially 
due to the high number of questions administered, 
hence reducing the questionnaire length provide some 
protection. A particular type of response set bias is called 
“acquiescence response set, ” which is the tendency of 
participants to agree rather than disagree on a whole 
series of items. Half of the questions were reported 
using the reverse wording (and scoring) of the issues and 
encouraging participants to carefully read each question. 
Consequently, the results were reported in the adjusted 
form in light of the reversal wording introduced.

Statistical analysis

The parametric nature of studied variables was assessed 
using central tendency measures, measures of variability, 
and measures of shape, and confirmed by performing of 
Shapiro–Wilk test. Consequently, parametric variables were 
described as mean ± standard deviation, with an additional 
overall range of values provided as necessary. Accordingly, 
the comparisons were performed by using the Student’s 
t‑test. A two‑sided p < 0.05 was chosen to indicate 
statistical significance in all the analyses.

Results
A total of 18 out of 25 first‑year physiotherapy students 
were recruited. Seven refused due to overwhelming 
personal commitments. Enrolled participants were 13 males 
and five females. The mean age of participants was 
20.8 ± 0.4 years, ranging from 20.1 to 21.2 years [Table 1]. 
The rate of completed tests was 100% (18/18).

Students preliminarily confirmed that the time slot 
assigned for the evaluation of the models (10 minutes) 
was sufficient, both for wax models (Likert scale (LS): 
4.0 ± 0.9 points; 5.7 ± 1.7 min) and for plastinated 
models (LS: 3.9 ± 1.0 points; 7.4 ± 2.1 minutes), with a 
significant statistical difference (p = 0.043).

From a merely didactical point of view, wax models 
were overall judged less suitable for educational 
use (LS: 2.9 ± 1.0 points), with a worse performance 
in assessing both external (LS: 2.6 ± 1.3 points) and 
internal (LS: 2.6 ± 1.3 points) anatomical configuration 
compared to plastinated models. Moreover, wax models 
were judged less suitable to clarifying anatomical 
doubts (LS: 2.2 ± 1.1 points).

Moreover, wax models showed superior ease of handling 
than plastinated models (LS: 3.4 ± 1.5 points) with a higher 
degree of perceived biological safety (LS: 3.4 ± 1.0 points). 
The wax models presented a more pleasant smell than 
plastinated models (LS: 3.8 ± 1.1 points), with a better 
chromatic appearance (LS: 3.1 ± 1.4 points) [Figure 3].

Figure 3: Likert survey scale. Numbers on the X‑axis are referred to as 
percentages of provided answers

Figure  2: Wax  and  plastinated models.  (a)  Plastinated model  (heart 
whole).  (b)  Plastinated model  (heart  opened).  (c) Wax model  (heart 
whole). (d) Wax model (heart opened)
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Discussion
A solid understanding of gross human anatomy is 
recognized as a fundamental premise of any academic 
curriculum involving health‑care professionals.[1,15]

The School of Medicine at the University of Padova 
provides with the 3‑year cycle degree course of 
physiotherapy the teaching of human anatomy. The 
lessons are scheduled in the first‑semester/first‑year course, 
including frontal lectures and exercises of direct dissection 
in small groups on fresh frozen bodies, as available. Wax 
and plastinated models are also used. However, increasing 
student enrolments jointly to simultaneous inadequacy of 
the numbers of cadavers has made it more difficult for 
health‑care students to access and dissect cadavers.[2,4]

On the other hand, physical anatomical models offer a 
useful tool for teaching gross anatomy in three‑dimensional 
representation due to their easy accessibility, low cost, and 
educational effectiveness.[16]

In this scenario, wax and plastinated models are considered 
superior to synthetic models, as they may reflect anatomical 
variations.[13,17]

However, while the plastinated models are still 
widely used, the wax models are not, even if their 
reintroduction is supported by some authors.[8,18] In the 
past, three‑dimensional wax tools adhered to the ideals of 
immediacy and practicality of medical knowledge, which 
became central during the 18th and 19th centuries, with 
medical disciplines based on the morphological substrate 
of diseases.[10,19] Thanks to the three dimensionality and 
chromaticism of the waxworks, physicians and medical 
students could appreciate vivid and realistic representations 
of many organic diseases typical of that time, mediating 
sophisticated medical knowledge with immediacy.[10,19] On 
this point, physiotherapy students confirmed in the final test 
the better chromatic appearance of wax models compared 
to plastinated models, conferring an artistic experience 
to the manipulation of the analyzed samples. Indeed, in 
the past, a large number of collections have arisen in 
several countries, some with an exquisitely anatomical 
vocation such as Padua, Bologna, Florence, Paris, Athens, 
and Zurich, and others with a shared interest in forensic 
medicine such as Parma, Halle, Berlin, and Wien.[11]

On the other hand, anatomical plastination was introduced 
in the second half of the 20th century to produce treated 

specimens of high durability in anatomical research and 
medical teaching.[12,13]

Wax was highly appreciated for its pliability, elasticity, 
and workability, allowing the creation of various delicate 
models not obtainable with clay, which must be worked 
while wet and present weak tensile strength.[9] On the 
other hand, plastination can provide for whole organ 
preservation and body slices without artifacts, with several 
techniques including the most recent evolutions, such 
as the light plastination.[20] It can be carried out using 
low‑cost equipment readily available in most anatomy 
departments,[21,22] allowing for prosections lasting for a long 
time after their production, performed once every many 
years.[22,23]

In the present article, the final test revealed that wax 
models showed superior ease of handling than plastinated 
models, probably due to their nondeformability to manual 
exploration and their constitution in a single piece of wax. 
It is coherent with the literature, which reported that wax 
models are more rigid than plastinated and do not allow the 
mechanical features of joints or the full demonstration of 
hidden structures.[17]

Overall, plastinated models were deemed useful by students 
and accommodated needs at various levels,[22‑24] including 
residents and surgeons,[17] other than anatomists.[13,25] 
Moreover, plastination can preserve delicate structures 
and their interconnections, enabling them to be traced 
microscopically.[25] Regarding safety, both wax and 
plastinated models do not present an actual biological 
risk for which specific protections must be adopted.[17,22,23] 
However, physiotherapy students perceived a higher degree 
of biological safety in handling wax models, perhaps because 
plastinated models, although treated, derive from human 
bodies. Overall, plastination can provide a supplementary 
method to show odorless anatomical structures and 
variants, allowing easy storage and handling.[23‑25] The test 
participants reported that wax models presented a more 
pleasant smell than plastinated models, although they did 
not give off particularly unpleasant odors.

Nowadays, the production of wax anatomical models is 
minimal, and most of the circulating was produced decades 
ago. The reasons for this decline are to be found in the 
evolution that has affected the biological investigations. 
At the beginning of the 19th century, the physiological 
and histological sciences were born, indicating that 

Table 1: Descriptive statistics
Variable Overall (n=18) Males (n=13; 72%) Females (n=5; 28%) p
Age (years) 20.8±0.4 20.8±0.4 20.8±0.4 1.00
Scoring arithmetic mean for passed examinations 25.4±2.4 25.2±2.8 26.0±1.6 0.56
Time to evaluate the models

Wax models (min) 5.7±1.7 5.2±1.3 7.2±1.8 <0.05
Plastinated models (min) 7.4±2.1 7.5±2.2 7.0±2.0 0.66

Parametric variables were described as mean±SD. A two‑sided P<0.05 indicated statistical significance. SD: Standard deviation
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medicine was already directed toward the anatomo‑clinical 
approach, further developed in the following decades with 
the introduction of histopathology, cell pathology, and 
radiology.[9,19]

In this scenario, the gross anatomic institutions have taken a 
back seat in scientific research for many decades, although 
they continued to be active and still considered the mainstay 
of medical education. Moreover, the prohibitive costs 
related to the type of processing and the time required have 
made the wax models the almost exclusive prerogative of 
the institutions with the most significant funds available. 
Furthermore, historically, the major boost to wax models 
was the lack of valid methods for preserving bodies, so 
the dissections were concentrated in the winter season and 
over a few days.[11] With the development of more modern 
fixation techniques in the second half of the 19th century 
(i.e., formalin instead of alcoholic solutions), demonstrative 
dissections became more feasible. The treated samples 
could last for weeks, by the use of much cheaper and faster 
processes than the productions of wax models, which lost 
much of their teaching appeal.[9] The wax models kept a 
role in the reproduction of rare diseases for a longer time so 
that students had an always‑available reference to recognize 
unfrequent diseases. Dedicated series of wax models were 
produced for several medical disciplines, aimed to show 
mainly the pathological modifications of the organs induced 
by the diseases studied and treated by the specialists.
[10,19] Overall, wax models in modern medical education 
seemed to be still of interest for learning on diseases, being 
integrated with other teaching tools to improve diagnostic 
skills.[7,11] At the same time, this is valid for studying normal 
surface anatomy, enabling learners to improve visualization 
of structures, especially those of the musculoskeletal 
system, hence contributing to a better anatomical learning 
experience by familiarising with surface landmarks.[15,26]

Physiotherapy students here reported that, from a merely 
didactical point of view, wax models were overall less 
suitable for educational use compared to plastinated 
models, with a worse performance in assessing both 
external and internal anatomical details. In this view, wax 
models were judged less suitable to clarify anatomical 
doubts than plastinated ones.

Indeed, for health‑care students who are not provided 
with the opportunity to dissect human bodies, plastinated 
specimens might represent a valid alternative.[27] Although 
three‑dimensional models cannot replace traditional 
anatomic dissection in every circumstance, the anatomical 
section of fresh frozen bodies probably is beyond the scope 
for physiotherapy students.[17,18,22]

Wax models are artistic works of great value that should 
still find a prominent place in the diagnostic teaching of 
even unusual pathological cases, while plastinated models 
can be more useful in daily teaching of anatomy to students 
needing basic notions.

The present study is affected by the following limitations.

First, the study population was restricted to first‑year 
physiotherapy students. Whether these findings could be 
generalized to more senior ones needs to be determined. In 
the same way, external validity should be tested.

Second, students were not tested for their spatial ability, 
i.e. the aptitude for understanding three‑dimensional 
structure, which could interfere with the spatial 
evaluation apart from the type of educational materials 
involved.[28]

Third, participation in the trial was voluntary, potentially 
leading to biases in various directions concerning which 
students chose to attend the present experiment.

Fourth, just heart models were used in this trial. The 
inference of these results to other anatomical regions is to 
be verified.

Finally, the current results arise from a single‑center study. 
The sample size is limited because the degree course 
of physiotherapy includes few students. Moreover, their 
attendance in the classrooms or handling of anatomical 
material was restricted due to the COVID pandemic.

Conclusion
Wax and plastinated models are significant educational, 
research, and cultural tools in the medical world to 
integrate teaching and learning anatomy in conjunction 
with traditional gross dissection, which remains the 
milestone reference. They could help maximize the impact 
of practical experience and overcome the contraction of 
economic resources and the shortage of available bodies.

Despite wax models showing a better chromatic 
appearance, superior ease of handling, and a minor 
perceived biological hazard against the plastinated models, 
the latter were judged more suitable for educational use in 
teaching internal and external anatomical details.

Nevertheless, further studies are needed to validate these 
findings, to expand the trials to models of other anatomical 
districts, other than examining the long‑term impacts on the 
learning process also for other health‑care professionals.

Key findings:

• Wax and plastinated models are still useful educational, 
research, and cultural tools.

• They could be of help in maximizing the impact of 
practical experience.

• Plastinated models were judged more suitable for 
educational use in teaching anatomy.
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Abstract
Introduction: Understanding the variation in the size and shape of the paranasal sinuses in detail is 
a clinically relevant matter for sinusitis patients. This study was performed to determine the right and 
left maxillary sinus dimensions by computed tomographic (CT) scan based on gender in the Turkmen 
ethnic groups in Gorgan, northern Iran. Material and Methods: In this descriptive‑analytical study, 
100 Turkmen subjects (50 males and 50 females) aged 18–45 were measured with 2 mm and 3 mm 
slices in the coronal and Axial Planes by the CT scanner SOMATOM Emotion of the multi‑slice 
from the SIEMENS model and using the “Syngo software Siemens.” Results: Maximum width, 
height, and volume of right and left maxillary sinuses in the Turkmen ethnic group were more in 
males than females (P < 0.05). In the right maxillary sinus; the mean maximum of width in males 
and females was 29.6 ± 4.91 mm and 26.53 ± 5.26 mm, respectively (P < 0.05). The mean maximum 
height in males and females was 40.5 ± 4.27 mm and 38.16 ± 5.96 mm, respectively (P < 0.05). 
In the left maxillary sinus, the mean maximum width in males and females was 29.61 ± 4.31 mm 
and 26.79 ± 5 mm, respectively (P < 0.05). The mean maximum height in males and females 
was 40.46 ± 4.55 mm and 38.03 ± 5.4 mm, respectively (P < 0.05). Discussion and Conclusion: 
Understanding the dimensions of the maxillary sinuses helps for better diagnosis and treatment of 
patients with maxillary sinuses diseases.

Keywords: Anthropometry, computed tomographic scan, dimensions, ethnicity, gender, maxillary 
sinus
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Introduction
In anthropometric studies, the determination 
of the size and shape of the paranasal 
sinuses has been detailed, although the 
clinical significance of these studies is 
very important.[1] Computed tomographic 
(CT scan) is used in anthropometric, legal, 
and endoscopic sinuses.

Maxillary sinuses are the largest paranasal 
sinuses that are located within the maxillary 
bone and its duct opens to the middle 
meatus of the nose. The maxillary sinus 
begins to grow in the tenth of the fetal 
stage, and its pneumatization ends with the 
appearance of the third molar tooth.[2]

Maxillary sinus has several forms that are 
most commonly triangular; also maxillary 
sinus has different shapes, sizes, and 
positions on the right and left sides of 
the different people that can be used to 
diagnose the gender in people.[3] Maxillary 
sinuses reach their maximum growth in 

20 years old, the time of fully development 
of permanent teeth.[4]

In adults, the maxillary sinus has a 
pyramid‑shaped cavity in the viscerocranium 
with its base at the lateral nasal wall and its 
apex extending into the zygomatic process of 
the maxilla.[5] The vicinity of the maxillary 
sinus to the alveolar crest is enhanced by 
sinus pneumatization, as well as resorption 
of the alveolar ridge due to tooth extraction, 
trauma, or pathology. The process of 
pneumatization varies greatly in humans and 
it may be different from side to side.[6]

However, few volumetric studies have 
been performed worldwide,[1,3,4] but there 
is no documented report in the north of 
Iran. Gorgan, the capital city of Golestan 
province, is located in South‑East of 
Caspian Sea border. In spite of a variety 
of ethnicities, no study, so far, has been 
conducted on the role of ethnicity and 
gender in determining the anthropometric 
dimensions of the maxillary sinus in this 
region.
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Due to the importance of this research in anthropometry, 
forensic anthropology, and sinus surgeries such as sinus 
endoscopy, the purpose of the current study was determined 
the parameters of right and left maxillary sinuses by CT 
scan according to gender in the Turkmen ethnic groups in 
Gorgan, northern Iran.

Material and Methods
This descriptive‑analytical study was carried out on 
100 Turkmen subjects (50 males and 50 females) aged 
18–45 in Gorgan, northern Iran. This study was approved 
by the Ethics Committee and all the ethical principles of 
working on the medical records of patients were carried 
out (Ethical code: IR.GOUMS.REC.1396.125).

Fars, Turkmen, and Sistani are the three main ethnic 
groups, in Gorgan. Native Fars is the predominant group 
of inhabitants and has the most members, Turkmen is the 
ethnic group that emigrated from Central Asia more than 
three centuries ago, and the Sistani group emigrated from 
southeastern Iran half a century ago.[7]

The inclusion criteria were the people with acute sinusitis and 
exclusion criteria were the people who have a history of sinus 
surgery and people with a history of facial bone fractures.

The parameters was included maximum anterior‑posterior, 
width, and maximum height. The volume was obtained 
on the right and left side with 2 mm and 3 mm slices 
in the coronal and Axial Planes by the computed 
tomographic (CT) scanner SOMATOM Emotion of the 
multi‑slice from the SIEMENS model and using the 
“Syngo software Siemens” [Figures 1 and 2].

Data were analyzed using SPSS version 18 (SPSS Inc., IL, 
USA) and independent t‑test for quantitative variables. The 
significance level was <0.05.

Results
The right maxillary sinus parameters

The mean maximum of anterior‑posterior (AP) length 
in males and females was 39.08 ± 3.15 mm and 
38 ± 3.3 mm, respectively. This difference was not 
significant. The mean of a maximum of width in males 
and females was 29.6 ± 4.91 mm and 26.53 ± 5.26 mm, 
respectively (P < 0.05). The mean of a maximum of 
height in males and females was 40.5 ± 4.27 mm and 

38.16 ± 5.96 mm, respectively (P < 0.05). The volume in 
males and in females was 2.23 ± 7.75 cc and 2.44 ± 6.42 cc, 
respectively (P < 0.05) [Table 1].

The left maxillary sinus parameters

The mean maximum of AP length in males and females was 
38.96 ± 3.5 mm and 38.95 ± 3.33 mm, respectively. This 
difference was not significant. The mean of a maximum 
of width in males and females was 29.61 ± 4.31 mm and 
26.79 ± 5 mm, respectively (P < 0.05). The mean maximum 
of height in males and females was 40.46 ± 4.55 mm and 
38.03 ± 5.4 mm, respectively (P < 0.05). The volume in 
males and females was 2.46 ± 7.47 cc and 2.11 ± 6.25 cc, 
respectively (P < 0.05) [Table 2].

Discussion
This study has shown that a CT scan is a robust method 
in the estimation of different dimensions of the maxillary 
sinuses as the inter‑observer agreement ranges from 
substantial to almost perfect dependent on the measurement 
in question.

The maxillary sinuses are pyramidal shape and the largest 
of the paranasal sinuses. The anterior wall of the mitral 
stenosis (MS) is formed by the facial surface of the 
maxilla and is internally grooved by the canalis sinuosus. 
The posterior wall is formed by the infratemporal surface 
of the maxilla. The superior wall is formed by the fragile, 
triangular orbit floor, with the infraorbital groove running 
through it.[8] The roof of the sinus thickens toward the 
orbital margin, with a mean thickness of 0.4 mm medial to 
the infraorbital canal and 0.5 mm thick lateral to it.[9]

The medial wall of the MS separates the sinus from the 
nasal cavity. It is smooth on the sinus side and carries the 
inferior nasal conchae on the nasal side.[10] The medial 
wall is rectangular in shape and is slightly deficient at the 
maxillary hiatus.[8]

The formation of maxillary sinuses begins during the 
10th week of intrauterine life. The mucosa located at the 
deeper anterior end of the ethmoid infundibulum presents 
invaginations toward the surrounding mesenchyme. These 

Figure 1: The right image is related to the method of measuring the 
maximum width of the right and left maxillary sinuses in the coronal 
view; the left image is related to the method of measuring the maximum 
anterior‑posterior length of the left maxillary sinus in the sagittal view

Figure 2: Maximum height of right and left maxillary sinus in the coronal 
view
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invaginations fuse during the 11th week of development, 
giving rise to a single cavity representing the primordium 
of the maxillary sinuses. The primordial shape of the sinus 
is characterized as an oval cavity with smooth walls.[11] 
Rapid growth of the maxillary sinuses has been observed 
during two periods of development: from the 17th to the 
20th week and from the 25th to the 28th week.[9]

Ossification of the sinus begins during the 16th week of 
development, beginning in the lateral wall of the sinus 

and during 20th week extends to the anterior wall by the, 
and during the 21st week extends to the posterior wall. The 
medial wall shows signs of ossification by the 37th week of 
development.[11]

The floor of the sinus is related to the roots of the first 
premolar teeth at age 4 years and the second molar teeth at 
age 5 years, and may extend to the third molar teeth and/or 
to the first premolar teeth, and sometimes to the canine 
teeth.[8,9]

Table 1: The right maxillary sinus dimensions in Turkmen population according to gender
Subjects (n) Mean±SD

Male
Mean maximum anterior‑posterior length of the right maxillary sinus (NS) 50 39.0880±3.14945
Mean maximum width of the right maxillary sinus (S) 50 29.6000±4.91661
Mean maximum height of right maxillary sinus (S) 50 40.4980±4.27224
The volume of the right maxillary sinus (S) 50 7.7560±2.23388

Female
Mean maximum anterior‑posterior length of the right maxillary sinus (NS) 50 38.5580±3.30220
Mean maximum width of the right maxillary sinus (S) 50 26.5360±5.25760
Mean maximum height of right maxillary sinus (S) 50 38.1620±5.96332
The volume of the right maxillary sinus (S) 50 6.4224±2.44636

S: P<0.05 is a significant difference between the two genders in those variables, NS: Nonsignificant, SD: Standard deviation

Table 2: The left maxillary sinus dimension in the Turkmen population according to gender
Subjects (n) Mean±SD

Male
Mean maximum anterior‑posterior length of the left maxillary sinus (NS) 50 38.9600±3.50521
Mean maximum width of the left maxillary sinus (S) 50 29.6100±4.31624
Mean maximum height of the left maxillary sinus (S) 50 40.4620±4.55129
The volume of the left maxillary sinus (S) 50 7.4696±2.46793

Female
Mean maximum anterior‑posterior length of the left maxillary sinus (NS) 50 38.9540±3.33388
Mean maximum width of the left maxillary sinus (S) 50 26.7940±5.00091
Mean maximum height of the left maxillary sinus (S) 50 38.0340±5.40354
The volume of the left maxillary sinus (S) 50 6.2516±2.10677

S: P<0.05 is a significant difference between the two genders in those variables, NS: Nonsignificant, SD: Standard deviation

Table 3: Comparison between right maxillary sinus variables in the studied populations in different regions of the 
world by gender

Subjects 
(No.)

The mean maximum 
anterior‑posterior length (mm)

The mean maximum 
width (mm)

The mean maximum 
height (mm)

The mean 
volume (cc)

Male
Current study 50 39.08±3.14(NS) 29.6±4.91 (S) 40.49±4.27(S) 7.75±2.23(S)
Turkey [4] 65 47.63±6.44(S) 27.2±5.46 (S) 42.6±7.94(S) ‑
Sweden [12] 28 36±3 25±4(S) ‑ 18±6(S)
India [10] 61 34.9±3.25(S) 24.33±4.26 36.07±6.12 15.84±5.86(S)

Female
Current study 50 38.55±3.3(NS) 26.53±5.25(S) 38.16±5.96(S) 6.42±2.44(S)
Turkey [4] 62 45.11±4.63(S) 24.44±3.6 (S) 37.81±5.7(S) ‑
Sweden [12] 32 35±3 23±3(S) ‑ 14±3(S)
India [10] 41 33.2±2.94(S) 23.4±3.8 34.51±4.03 13.65±3.92(S)

The (S) means P<0.05 which shows there is a significant difference between the two genders in those variables. The sign (NS) means 
non‑significant.
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At birth, the maxillary sinuses measures <7.0 mm in 
anteroposterior depth, <4.0 mm in height, and <2.7 mm in 
width.[12] Several factors have including pressure from the 
eyeball against the orbit wall, the traction on the inferior 
portion of the maxilla by the facial muscles, and the 
eruption of permanent blockage affect the height of sinus 
development.[10] Between ages 1 and 8 years, the maxillary 
sinuses grow most rapidly, this growth extend laterally past 
the infraorbital canal and inferiorly to the middle aspect 
of the inferior meatus.[12] The downward pull of the facial 
muscles continues to pull on the maxillary bones, at age 
3 years.[10] The roof of the sinus presents a more inferolateral 
position in childhood, before assuming its more horizontal 
position in adulthood due to progressing pneumatization.[12] 
At the end of the 2nd year of life, the floor of the sinus lies 
lower than the insertion of the inferior nasal conchae.[9]

At birth, transverse and sagittal maxillary dimensions are 
greater than vertical. In adults, the vertical dimension 
is greatest, owing to the development of the alveolar 
process and enlargement of the sinus.[13]

Due to thickness of sinus walls, a tumor may push up 
the orbital floor and displace the eyeball, project into the 
nasal cavity, protrude on the cheek, or spread back into the 
infratemporal fossa or down into the mouth. The extraction 
of molar teeth may damage the floor, and impact may 
fracture its walls.[13]

In this study, parameters of all variables of right and left 
maxillary sinuses in Turkmen ethnic group were more in 
males than females. Our results are similar to Teke et al.’s 
study,[4] in Turkey showing that the parameters of maxillary 
sinuses in males were more than females.[4]

Furthermore, there was no significant difference between 
males and females in the mean maximum of AP length 
in right and left maxillary sinuses. Our results are in 
consistent with the result of a study in Sweden,[14] 
while they are not in agreement with the results of two 
studies in India, Turkey.[4,15] and studies from Iraq[16] and 
South Africa[17] [Tables 3 and 4].

Similarly, there was a significant difference between 
males and females (P < 0.05) regarding the width of 
the right maxillary sinus in comparison with a study in 
India[15] [Table 3].

Furthermore, in our study, there was a significant difference 
between males and females regarding the width wide of 
the left maxillary sinus and height of the right and left 
maxillary sinuses (P < 0.05), these results were similar to 
Turkish population[4] [Tables 3 and 4].

In Tambawala et al.’s study, overall values of the parameters 
were significantly greater in the males in comparison with 
to the females with the right height (90.0%) and the left 
height (83.3%) being the best predictors.[18] Indeed, our results 
regarding the volume of right and left maxillary sinuses were 
similar to Swedish population[19] [Tables 3 and 4].

Furthermore, in a study in southern France, the whole 
cranial surface was significantly different between males 
and females in size. Also, according to their results, sexual 
dimorphism was significantly lower in senile skulls.[20]

Moreover, Amin’s and Hassan’s study on the maxillary 
sinus of the Egyptian population using a multidetector 
computed tomography scan, showed significant differences 
in the size of the left maxillary sinus.[21]

Conclusion
The results of this study were presented to gender affects the 
anthropometric parameters of the right and left maxillary 
sinuses in the Turkmen ethnic group in northern Iran. 
Environmental factors, genes, racial factors, and various 
environmental conditions are important factors that may 
cause changes in sinuses dimensions. Also, understanding 
the dimensions of the maxillary sinuses helps for better 
diagnosis and treatment of patients with maxillary sinuses 
diseases.

Limitations

We have no limitation in this study.

Table 4: Comparison between left maxillary sinus variables in the studied populations in different regions of the world 
by gender

Subjects 
(n)

The mean maximum 
anterior‑posterior length (mm)

The mean maximum 
width (mm)

The mean maximum 
height (mm)

The mean 
volume (cc)

Male
Current study 50 38.96±3.5 (NS) 29.6±4.31 (S) 40.46±4.55 (S) 7.46±2.46 (S)
Turkey[4] 65 47.21±6.54 (S) 27±5.52 (S) 43.72±7.79 (S) ‑
Sweden[9] 28 35±4 25±5 ‑ 18±7 (S)
India[7] 61 35.03±3.56 (S) 24.93±4.84 36.72±5.65 16.45±6.14 (S)

Female
Current study 50 38.95±3.33 (NS) 26.79±5 (S) 38.03±5.4 (S) 6.25±2.1 (S)
Turkey[4] 62 43.64±4.4 (S) 24.27±4 (S) 37.6±6.04 (S) ‑
Sweden[9] 32 34±4 23±3 ‑ 15±4 (S)
India[7] 41 33.6±2.91 (S) 23.88±3.9 34.63±4.41 14.18±4.67 (S)

S: P<0.05 is a significant difference between the two genders in those variables, NS: Nonsignificant
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Abstract
Introduction: Atlas helps in complex biomechanical movements of the skull along with weight 
transmission of skull to spine. Recent developments in fixation technologies and minimally invasive 
surgical approaches have encouraged further studies of the region. Objectives of this study are to 
explore the shape, size, and symmetry of the superior articular facet of atlas. Good knowledge 
of the variations of the facet is important for orthopedicians, physiotherapists, and neurosurgeons. 
Material and Methods: The study was conducted on 110 dried adult atlas vertebrae. Shape, 
size, and number of the superior articular facets on each atlas were recorded. Results: Different 
shapes observed were kidney‑shaped, oval‑shaped, irregular, rectangular, comma‑shaped, sinuous, 
sole/8‑shaped, and two/three separate facets. Length and width of the facet were similar on two 
sides. In 31.82% of cases, the facets on the two sides were not symmetrical. Discussion and 
Conclusion: Variations of the superior articular facets have been extensively described. While 
planning treatment plans in cases of craniovertebral joint dysfunction, morphology and variations of 
the region should be kept in mind.

Keywords: Atlas, spine, superior articular facet, vertebra
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Introduction
Atlas occupies the most important and vital 
position interfacing skull cranially and 
axis caudally constituting atlanto‑occipital 
and atlantoaxial joints. Hence, it helps 
in complex biomechanical movements 
of the skull and neck along with weight 
transmission of skull to spine. Besides 
this, it paves the way for spinomedullary 
junction through the vertebral foramen. 
Vertebral artery and first cervical nerve pass 
over the superior surface of its posterior 
arch, making it more vulnerable.[1] The atlas 
consists of two lateral masses connected 
by a shorter anterior and a longer posterior 
arch. The lateral masses are ovoid, their 
long axes converging anteriorly. Each bears 
a kidney‑shaped superior articular facet for 
the respective occipital condyle, which is 
sometimes completely divided into a larger 
anterior and a smaller posterior part.[2]

The atlanto‑occipital joints are responsible 
for about one‑half of all cervical flexion 
and extension.[3] The stability of the cervical 
spine is violated by various traumatic 
and nontraumatic causes. Instability of 
craniovertebral junction needs surgical 

correction or long‑term immobility to attain 
a solid fusion. Therefore, reduction and 
rebuilding of the stability of this complex 
are important. A short‑segment posterior 
fixation technique is often adopted to 
preserve the motion of the craniovertebral 
junction.[4] Morphometric characterization 
of the atlas has been found to be useful 
in operative management of atlantoaxial 
complex and occipitocervical instability.[5,6]

Most of the surgical theories and 
techniques consider the atlas to be a 
source or contributing factor to many 
pathologies, including cervicogenic 
headaches, disequilibrium, and 
otalgia when the biomechanics of the 
atlanto‑occipital and/or atlantoaxial joints 
are disturbed.[7] Fitz‑Ritson[8] reported a 
high correspondence of upper cervical 
joint fixations in patients suffering from 
cervicogenic vertigo.

Variations of the superior articular facet 
have been extensively described.[4,9‑15] 
Still, more is being added to it day by day 
due to its contribution to the movements 
of head. Recent developments in fixation 
technologies and minimally invasive 
surgical approaches have encouraged 
further studies of the region. The 
objectives of this study are to explore the This is an open access journal, and articles are 
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shape, size and symmetry of the superior articular facet 
of atlas. Good knowledge of the variations of the facet 
is important for orthopedicians, physiotherapists, and 
neurosurgeons.

Material and Methods
The study was conducted on 110 dried adult atlas vertebrae 
available in the department of anatomy. Only the bones 
with intact superior articular facets were included, 
while damaged and pathologically abnormal bones were 
excluded. Shape, size, and number of the superior articular 
facets on each atlas were recorded. Length (anteroposterior 
dimension) and width (transverse dimension) were 
measured using digital Vernier calipers.

Results
Shape

Shape of the superior articular facet was found to be quite 
variable [Figures 1‑5]. Different shapes observed were 
kidney‑shaped (25.9%), oval (41.8%), irregular (8.1%), 
rectangular (5.4%), comma‑shaped (5.4%), 
sinuous (1.8%), and sole/8‑shaped (4.5%) facets. 

Two (3.6%)/three (3.6%) separate facets were also seen. 
Comma‑shaped facets were narrow anteriorly and wide 
posteriorly. In sinuous superior articular facets, the facet 
was S shaped. In sole/8‑shaped facets, deep indentations 
were seen on both the sides of the facet, dividing the 
facet into two parts; if the two parts were equal, the facet 
was 8 shaped; however, if the anterior part was larger, 
the facet was called to be sole shaped. In some bones, 
the superior articular facet was divided into two or three 
smaller facets by narrow nonarticular areas.

Size

Table 1 shows the average length (anteroposterior 
dimension) and width (transverse dimension) of the 
superior articular facet on the right and left sides.

Asymmetry

In 31.82% of cases, the shape of the superior articular facet 
was found to be different on the two sides.

Table 1: The dimensions of the superior articular facet
Length (mm) Width (mm)

Right side 21.9±2.33 11.60±1.38
Left side 22.09±2.62 11.68±1.55

Figure 4: Superior aspect of atlas showing sinuous superior articular facet

Figure 1: Superior aspect of atlas showing comma‑shaped superior 
articular facets

Figure 2: Superior aspect of atlas showing 8‑shaped superior articular 
facets

Figure 3: Superior aspect of atlas showing rectangular superior articular 
facet
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Discussion
The atlas supports the skull and is uniquely positioned 
in the atlantoaxial complex. As new surgical techniques 
and instruments for the treatment of unstable cervical 
spine continue to evolve, detailed knowledge about this 
bone becomes even more essential.[14] Standard textbooks 
describe superior articular facet to be kidney shaped or oval 
in shape. Many authors have commented on the shape of 
the facet, and there is a lot of discrepancy in the literature 
about the incidence of different shapes of the facet. Some 
authors[14,16] described only oval‑ and kidney‑shaped 
facets. Senegul and Kodiglu[14] observed 72% of facets to 
be oval and 28% to be kidney shaped, while Gosavi and 
Vatsalaswamy[16] found 74% of facets to be oval and 26% 
to be kidney shaped. Many other authors have described 
different shapes of the facet.

Lalit et al.[17] observed 28.3% oval‑shaped, 20% 
kidney‑shaped, 35% dumbbell‑shaped, and 16.6% 8‑shaped 
facets. They even put the completely separated facets 
into 8‑shaped facets category. Kaore et al.[18] and Suman 
et al.[19] also described similar shapes, but they included 
completely separated facets in a separate category. 
Gupta et al.[10] described many different shapes including 
oval‑shaped, 8‑shaped, kidney‑shaped, bi‑lobed, tri‑lobed, 
irregular, triangular, V‑shaped, and leaf‑shaped facets, but 
they included facets with osteophytes into irregular‑shaped 
facets. Motagi and Ranganath[20] observed maximum (39%) 
facets to be irregular, but Lalit et al.[17] and Kaore et al.[18] 
did not describe any irregular‑shaped facets.

Apart from the shape of the facet, there is a lot of 
difference in the incidence of the various shapes. Most 
authors[10,14,16‑19] observed oval‑shaped superior articular 
facets to be most common. However, Singh reported a 
combined dumbbell and 8‑shaped as the most common 
shape. Motagi and Ranganath[20] reported maximum facets 
to be irregular, while Patil and Kumar[21] found maximum 
facets to be dumbbell shaped. In the present study, oval 

facet was the most common type. We also observed 
kidney‑shaped, irregular‑shaped, sole/8‑shaped, rectangular, 
comma‑shaped, and sinuous facets.

The atlas vertebra develops from the caudal half of occipital 
somite 4 and the cranial half of cervical somite 1. It ossifies 
from three centers – two appear in the lateral masses at the 
7th week and they gradually extend into the posterior arch 
where they unite between the 3rd and 4th years, usually 
directly but occasionally through a separate center. A 
separate centre appears for the anterior arch at about the 
end of first year. This unites with the lateral masses between 
sixth and eighth year, the lines of union extending across 
anterior parts of the superior articular facets.Occasionally, 
the anterior arch is formed by the extension and ultimate 
union of centers in the lateral masses and sometimes from 
two lateral centers in the arch itself.[2] The posterior part 
of the superior articular facet is developed by the posterior 
arch. This different embryological development of the two 
parts of the superior articular facets explains their partial or 
complete dissociation.[22]

Phylogenetically, the formation of craniocervical joint 
has been the result of many trials. Every imaginable 
combination has been present and is still seen in some fish. 
The joint has developed depending on the mode of life 
of the creature. There are many different ways in which 
creatures use their heads and each habitual motion reacts 
upon the articulating units. The primitive triple condyle 
of the occipital has all the units of equal size, i.e. the 
basioccipital with a ventral median condyle nearly circular 
and the lateral occipitals with elongated lateral condyles 
situated dorsally on each side. This has been followed either 
by preponderance of the lateral units as in amphibia or the 
gradual enlargement of the median unit combined with the 
recession of the lateral ones until the single condyle of 
the birds is reached. In mammals, the large paired, lateral 
condyles are the prominent feature and the basioccipital 
has withdrawn from the odontoid. The bicondylar joint thus 
restricts the movements of the head to nodding, the turning 
to the one side being possible at the other vertebral joints. 
The tendency of the superior articular facets of the atlas to 
split into two separate facets seems a step in that direction, 
and this tendency is probably an indication of further 
restriction of movements at the atlanto‑occipital joint.[15]

In the present study, the average length and width of the 
superior articular facet were found to be 21.99 mm and 
11.64 mm, respectively. Different authors have given 
different dimensions of the facet [Table 2]. We did not 
observe any significant difference in the dimensions 
on right and left sides, while some authors have found 
significant difference in these measurements. Salahuddin 
et al.[13] attributed this difference to the handedness. They 
stated that when right‑handed people lift weights using 
their right hand, head is tilted to left. Left facets are 
subjected to greater force. Hence, left dimensions become 

Figure 5: Superior aspect of atlas showing superior articular facets divided 
into two smaller facets by narrow nonarticular area
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larger. Transarticular screw fixation has become one of the 
primary treatment options for cervical spine instability. The 
knowledge of the anteroposterior and transverse dimensions 
of the superior articular facet can help in the safe planning 
of these screw placements.[18]

In the present study, although the dimensions were similar on 
the two sides, in 31.82% of cases, the facets on the two sides 
were not mirror images of each other and varied in shape on 
the two sides of the same vertebra. Historically to interpret 
the craniovertebral joint function, the superior articular facets 
are considered to be symmetrical. Symmetrical functions are 
possible only in the presence of symmetrical anatomical 
structures. Since the facets are not symmetrical in many of 
the atlas vertebrae, considering them, symmetrical during 
assessment of joint function may mislead the examiner. This 
may cause the implementation of incorrect treatment plans.[13] 
Asymmetry should be kept in mind while implementing the 
treatment plans for joint dysfunction. As the age advances, 
the physical anthropometry of the joint may variate that 
may cause either symptomatic or asymptomatic clinical 
conditions. It is a debatable task to postulate that variant 
changes in the articulating surfaces of atlanto‑occipital joint 
are the responsible and reasonable factors for neck strains 
that involve the joint.[20]

Conclusion
Hence, we conclude that although the superior articular 
facet has gained considerable attention, considering the 
discrepancy in the description by the various authors, 
comparison of the results with the available literature should 
be done very carefully. While planning treatment plans in 
cases of craniovertebral joint dysfunction, morphology and 
variations of the region should be kept in mind.
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Abstract
Introduction: Populations are categorized as right‑handed, ambidextrous, and left‑handed; but 
handedness must be understood as having borderlines within its continuum. Typical measures 
of handedness based on hand use preference or hand performance testing give results which 
indicate no exclusive categories for hand dominance. Training of preclinical medical students in 
the performance of clinical techniques certainly requires the high levels of manual dexterity and 
invaluable hand‑eye co‑ordination, both of which are expected to influence the end result of hand 
dominance testing. However, the assessment during skills training is mostly subject to the efficiency 
of carrying out a given procedure, which inevitably depends upon the individual’s dominant hand. 
Material and Methods: In this analytic cross‑sectional study, the modified Edinburgh Handedness 
Inventory for hand preference and the Tapley and Bryden Dot‑filling Tasks for hand performance 
were evaluated one against the other, to conclusively categorize hand dominance amongst 162 
preclinical medical students. Results: Hand performance dominance was not dependent on subject 
gender. Tapley and Bryden Dot‑filling Tasks and Geschwind Score (GS) Edinburgh Handedness 
Inventory (EHI) hand preference categories showed statistically significant differences (χ2 = 142.293, 
P < 0.001 at 95% confidence interval). Together, hand preference and hand performance testing 
complemented and reinforced the assessment of hand dominance. Tapley and Bryden Dot Filling 
Tasks in relation to GS EHI for the right hand had 90.7% sensitivity, 58.3% specificity, 96.5% 
precision value, and 88.3% accuracy. Discussion and Conclusion: The use of multiple measures to 
determine hand performance is a stronger predictor for evaluating hand dominance than relying on 
a unilateral measure. The number of previously performed procedures strongly influences the level 
of proficiency obtained in performing a specific task. Hand preference and performance must be 
considered together when assessing for potential differences in hand dominance testing.

Keywords: Hand dominance, hand performance, hand preference, hand proficiency, handedness
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Introduction
Many a time, populations are categorized 
with the assumption that handedness 
should be considered in a single dimension 
and there should be no borderlines 
within this continuum. Thus, studies 
report on categories of right‑handedness, 
ambidextrous and left‑handedness to 
the exclusion of others like right‑biased 
ambidextrous and left‑biased ambidextrous. 
It is expected that when one uses one 
hand for a specific activity or uses it more 
often than the other hand for all activities, 
that person develops the efficiency of the 
particular hand for the given activity. This 
suggests that hand performance is directly 
related to hand preference, and the extent 
of hand dominance can be established by 

the resultant efficiency that arises from the 
relationship between hand performance and 
hand preference.

In research terms, handedness is often 
used to imply hand preference. In which 
case the preferred hand is the hand 
which is most efficient in performing 
specific manual dexterity tasks such 
as writing or manipulating objects and 
tools. Hand dominance, on the other 
hand, reflects an inter‑manual difference 
of motor performance which shows the 
best efficiency in performing a particular 
unimanual action.[1] If hand function is to be 
adequately assessed between the dominant 
and nondominant hand among humans, 
there has to be a distinction between hand 
preference and hand performance.

In performing bimanual tasks, which are hand 
movements that involve both hands moving This is an open access journal, and articles are 
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simultaneously, each hand adopts a particular function. The 
preferred hand executes the most complex action or takes up 
the manipulative role, whereas the nonpreferred hand acts 
mainly as a steadying effect or postural support. This is seen 
in tasks such as clapping, nailing, knitting, eating with a fork 
and knife, typing on a keyboard, drumming and even using 
sign language. However, when assessing hand dominance, it 
is important that the investigator makes consideration of the 
subject’s need to learn the task at hand prior to carrying it 
out. The tests are first performed with each hand separately 
and then both hands together. The outcome of the assessment 
does not follow that the faster or better performing hand 
will be the same as the self‑reported preferred hand. In fact, 
studies done over a span of a few decades have all showed 
that performance‑based assessments are rather disassociated 
from self‑reports.[2‑5]

As suggested by Adamo and Taufiq,[6] hand preference 
may be determined by combining findings that associate 
handedness inventories with hand performance 
assessments. The argument being that investigations of 
hand functionality that do not fully assess hand preference 
restrict the interpretations and limit the application of the 
findings, thereby reducing the observed effects. On the 
other hand, well‑determined hand preference is likely to 
enable better placement of individuals in the workplace so 
that they can perform work tasks that place them at less 
risk for injury.

In order to improve the skills training of preclinical 
medical students for performing certain clinical tasks that 
require a high level of precision and manual dexterity, it 
is important for the trainers, mentors, and preceptors to 
understand differences in hand dominance among them. 
This would help to identify students who might need more 
learning time for a particular task and also reduce relative 
risk for self‑injury during performance of the said task. The 
purpose of the present study was to assess the differences 
in hand dominance by evaluating the relationship between 
hand preference and hand performance testing in a select 
group of preclinical medical students.

Material and Methods
Following approval by the KNH‑UoN Ethics and Research 
Committee and with permission from the School of 
Medicine to conduct this study, a total of 162 willing 
participants were selected. We used a finite population of 
900 preclinical medical students in applying the OpenEpi 
sample size calculation for cross‑sectional studies[7] using 
15% as the hypothesized frequency of left‑hand dominance 
in the population.[8] In order to conclusively categorize hand 
dominance among the selected 162 preclinical medical 
students, both the subjective self‑reported hand preference 
questionnaire of the modified Edinburgh Handedness 
Inventory (EHI) and the objective measure of hand 
performance testing by the Tapley and Bryden Dot‑filling 
Tasks were applied.[9]

Each subject was assessed using a modified Edinburgh 
Handedness Inventory,[10] from which the Geschwind 
Score (GS) was calculated and applied.[11‑13] The EHI for 
each subject was translated into a laterality score based on 
a Likert scale of‑5 (always left),‑2.5 (usually left), 0 (no 
preference), +2.5 (usually right), and +5 (always right). 
This was used to calculate the laterality quotient, also called 
the Geschwind score, where a GS ≤ −100 indicated that the 
subject response was left‑handed for all tasks; a GS ≥ +100 
indicated right‑handedness for all tasks; and a score that 
was between −100 and +100 indicated ambidextrous or 
mixed‑handedness for various tasks.

Dominance in hand performance was determined by 
the observational measure of hand performance using 
the Tapley and Bryden dot‑filling tasks. Subjects were 
presented with a single sheet of A4 paper, on which were 
open circles (dots) printed in 4 rows, linked at the top and 
bottom, to make a “W” shape. Each page had four such 
arrays. On the upper left‑hand array, there was an arrow 
pointing down at the top left corner printed to indicate 
the starting point and the direction. The upper right array 
also had an arrow pointing down at the far‑right corner 
with the starting point and direction of flow indicated. The 
bottom two arrays were identical to these two. Subjects 
were started with the writing hand (A), followed by the 
non‑writing hand (B) and 4 trials were performed in the 
following sequence‑ABBA. For example, a left‑handed 
subject first performed the “Left‑hand” start at the top, 
followed by the Right‑hand start at the top, then the lower 
“Right‑hand start,” and finished with the lower Left‑hand 
start. Dots were counted only if they fell entirely within 
the circle and did not touch any edges (i.e., LRRL). All 
participants completed the dot‑filling task with a fine‑point 
black felt‑tip marker.

To determine hand performance dominance, both a 
differential score (right‑hand average minus left‑hand 
average), and a laterality score ([R‑L/R + L] ×100) were 
calculated (where R and L refer to right and left hand, 
irrespective of the writing hand). Absolute values ranged 
from −1 (indicating left‑hand dominance) to +1 (indicating 
right‑hand dominance), with absolute value of manual 
skill asymmetry ranging from 0 (both hands equivalent) to 
1 (one hand completely dominant).

Results
Determination of dominance in hand performance using 
the Tapley and Bryden dot‑filling tasks

The Tapley and Bryden Dot‑filling Tasks were analyzed 
using the conventional laterality index (LI = [R‑L/R + L] 
×100). It gave a hand performance mean value = 22.31, 
with standard deviation = 12.753 (n = 162), and a resultant 
distribution curve of the hand performance tending towards 
normal [Figure 1]. Of note in this histogram was the 
clear demarcation between the right‑oriented (LI score 
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10–100) and the left‑oriented hands (−10 to −100). There 
was a small group which was classified as having no 
orientation (−10−10).

There were a total of six subjects (3.7% of the total 
population) with left‑hand dominance in performance, 
who were equally distributed between males and 
females. There were 6 subjects (3.7% of the total) 
with equal‑hand dominance in performance, who were 
also equally distributed by gender. There were 150 
subjects (92.6% of the total) with right‑hand dominance 
in performance. The Pearson Chi‑Square goodness of fit 
test revealed that the distribution by gender groups was 
not statistically significant (χ2 = 0.343, P = 0.843 @95% 
confidence interval [CI]), thereby suggesting that hand 
dominance in performance testing is not a function of 
gender.

Assessment of hand preference in relation to hand 
performance

The results of hand performance were also subjected 
to a distribution box‑plot test in relation to the GS hand 
preference where the majority of the study population was 
found to be right‑hand dominant. Both the Kolmogorov–
Smirnov test (P = 0.007) and Shapiro–Wilk test (P < 0.001) 
for normality confirmed skewness of data and gave a 
statistically significant P value for right‑hand dominance, 
with skewness = 0.818 and kurtosis = 1.178.

The Pearson correlation test showed a very high 
statistically significant positive correlation between the 
Geschwind Score for Hand Preference and the Tapley 
and Bryden Laterality Index for Hand Performance 
Dominance (r = 0.655, P < 0.001 @ 0.01 significance 
level). This correlation suggests that hand preference testing 
and hand performance testing should be used together 
because they complement and reinforce the assessment of 
hand dominance.

The degree of association between the Geschwind Score 
Handedness Categories and Tapley and Bryden Dot 
Filling Hand Dominance Classification [Table 1] was 
analyzed using the Pearson Chi‑Square goodness of fit test. 
A statistically significant difference was recorded between 
the hand dominance classification and the hand preference 
categories, with χ2 = 142.293 and P < 0.001 (@95% CI).

Cross‑tabulation between hand preference categories 
and hand dominance in performance found 14 (100% of 
ambidextrous) ambidextrous persons by GS preference 
to be right‑hand dominant by the  Tapley and Bryden 
Dot filling Tasks (TBD) tasks. These were practically 
right‑ambidextrous subjects, making up 8.6% of the total 
population and 9.3% of right‑hand dominant persons. Of 
the 7 left‑handed persons by GS preference, there were 

Table 1: Association of Geschwind score hand preference categories with Tapley and Bryden dot filling hand 
dominance

GS hand preference Total hand dominance
Ambidextrous Lefthanded Righthanded

Tapley and Bryden 
hand performance 
dominance

Left 0 6 (100% LH dominance, 
85.7% of GS LH, 3.7% of 
total

0 6 (100% LH dominance, 
3.7% of total)

None 0 1 (16.7% of no‑hand 
dominance, 14.3% GS LH, 
0.6% of total)

5 (83.3% of no‑hand 
dominance, 3.5% of GS 
RH, 3.1% of total)

6 (100% of no‑hand 
dominance, 3.7% of total)

Right 14 (9.3% RH 
dominance, 8.6% total, 
100% GS A, 8.6% total)

0 136 (90.7% RH dominant, 
96.5% GS RH, 84.0% 
total)

150 (92.6% total, 100% 
RH dominance)

Total hand 
preference

14 (100% GS A, 8.6% 
of total)

7 (100% GS LH, 4.3% of 
total)

141 (100% GS RH, 87.0% 
of total)

162 (100% of total)

GS: Geschwind score, RH: Right Hand, LH: Left Hand

Figure 1: Frequency distribution of hand performance by Tapley and 
Bryden dot filing task
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6 (85.7% of left‑handed) who were left‑hand dominant. 
These were seemingly pure left‑handed subjects, making 
up 3.7% of the total population. There was 1 left‑handed 
person (14.3% of left‑handed) found to show no‑hand 
dominance (16.7% of no hand dominance), who was 
practically left‑ambidextrous. Of the 141 (87% of total 
population) right‑handed persons, there were 136 (84% of 
total population and 96.5% of right‑handed persons) who 
were right‑hand dominant. These were seemingly pure 
right‑handed subjects. The other 5 (3.5% of right‑handed 
persons) right‑handed persons were found to have no‑hand 
dominance. These were correctly right‑ambidextrous, 
making up 83.3% of the no‑hand dominance group and 
3.1% of the total population. In summary, the resultant 
categorization of hand function following assessment 
of dominance using both hand performance and hand 
preference testing is shown in Table 2.

The characteristics and relevance of the Tapley and 
Bryden Dot Filling Tasks in relation to the GS EHI right 
hand revealed a sensitivity of 90.7% with a specificity of 
58.3%. The positive predictive value (and precision value) 
was 96.5% with an accuracy of 88.3%. This suggests that 
in the absence of the EHI‑GS, the Tapley and Bryden Dot 
Filling Task has a 90.7% chance of correctly classifying a 
person to be right‑hand dominant in 96.5% cases; and this 
classification would be 88.3% accurate.

Discussion
As various researches have revealed, in young healthy 
subjects self‑rated hand dominance, hand preference and 
hand efficiency are all highly correlated based on the level 
of motor performance.[3,14,15] Nevertheless, the differences 
in the performance of the dominant and nondominant 
hands are expected to diminish with increasing age and 
to become more balanced in early adulthood. If hand 
preference is considered over hand performance, there is 
a likelihood of misclassifying ambidextrous (or apparently 
neutral‑handed) persons as pure‑handed (be it right‑or 
left‑handed, ambidextrous or ambivalent), thereby omitting 
significant details about efficient hand use by the said 
mixed‑or cross‑handed individual.

As the results in the present study have showed, those who 
were initially classified by the EHI GS as ambidextrous, were 
all reclassified by the combined tests as right‑ambidextrous. 

This is a significant change that can influence results in 
proficiency testing. It is also likely that the individual who 
had to be reclassified as left‑ambidextrous might have a 
degree of mixed proficiency results given that there was 
no‑hand dominance in the performance testing. The results 
of the present study are also in favour of reporting more 
mixed‑and cross‑handedness than pure ambidextrous as 
suggested by EHI‑GS categories. The most consistent 
result was that of the left‑handed individuals, which gave 
a 3.7% pure left‑handed population. This proportion might 
appear small, but it could as well be clinically/practically 
significant when assessing the skills of these individuals in 
training using right‑biased tools.

It is noteworthy that the results of the current study support 
the view by Corey et al.[3] about performance‑based 
measures such as the Tapley and Bryden Dot Filling Tasks 
not to be considered independently when predicting hand 
dominance. It is necessary to combine such performance 
tests with other hand preference tests, even if they are from 
self‑reported questionnaires such as the EHI, to be able to 
more clearly distinguish hand dominance. This is signified 
by the 96.5% precision value and the 88.3% accuracy rate 
of determining hand dominance obtained by combining the 
GS hand preference with the dot‑filling tasks.

The results in the present study are similar to the findings 
by Brown et al.,[2] which indicated that the combination 
of the results from a handedness questionnaire and a 
series of performance measures gives the best predictors 
of hand dominance. The current study further enforces 
the thought that habitual use of either the right or left 
hand can typically be observed during the performance of 
everyday tasks. However, it should be acknowledged that 
task‑specific training effects may influence the extent to 
which one identifies and describes their dominant hand.

It is clear that measures of hand dominance are based on 
individual hand use preference or hand performance testing; 
but there really are no clear categories for each one, such 
as being exclusively left‑or right‑hand dominant.[16] As 
demonstrated earlier, each individual shows a preference 
for the use of one hand for a given manual action, even 
though it is not always the same hand that is preferred 
for two different actions.[17] Now, whether one is right‑or 
left‑hand dominant is therefore a function of the given 
task at hand, and not a generalization of the dominant 
hand. Furthermore, there are several studies which report 
of individuals who are specialized in highly skilled and 
complex tasks who demonstrate very strong correlations 
between different tasks.[18‑22]

In their study of handedness and musical ability in a group 
of professional musicians, Aggleton et al.[23] demonstrated 
that the dominant hand performs tasks requiring force or 
a series of rapid movements while the other hand offers 
stabilization and support. There is no doubt that the 
habitual use of the same hand for a given task contributes 

Table 2: Hand dominance classification from combined 
hand preference and hand performance testing

Hand dominance Proportionate distribution (percentage 
of total population)

Pure right‑handed 136 (84)
Pure left‑handed 6 (3.7)
Pure ambidextrous 0
Right‑ambidextrous 19 (11.7)
Left‑ambidextrous 1 (0.6)
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and promotes skills development of the same hand for the 
particular tasks; yet, habitual use does not appear to transfer 
the acquired skill to other tasks. It is therefore possible for 
one to gain proficiency in the use of a certain tool, but this 
level of proficiency does not transfer to other tools with 
similar physical properties.

Since hand preference for some tasks could also be modified 
by social or religious influences, the tasks selected for use 
in hand assessments should apply typical tools amongst 
the said specific populations from different cultures so 
that hand dominance variations in a given population can 
be adequately studied. Although researchers like Bishop[24] 
allege that hand dominance might be a by‑product of brain 
lateralization in human beings, this notion does not explain 
the 5%–15% left‑handed population that is reported in 
every culture.

The present study evaluates of hand dominance among 
preclinical medical students echoes the thought by others 
like Baldwin et al.,[25] that a combination of hand preference 
and hand performance testing should be used in assessing 
manual dexterity skills that are required during precise 
surgical procedures. The results also support the notion that 
self‑reported questionnaires by experienced clinicians may 
identify a specific skill that is needed to perform a given 
task, but the students must still be subjected to an objective 
test that is used when measuring their skills performance.[26] 
This viewpoint was likewise expressed by the research which 
experimented with virtual reality laparoscopy simulators,[27] 
and another one which used a motion‑tracking system to 
assess laparoscopic suturing skills.[28]

Conclusion
Suffice to say that the use of multiple measures to 
determine hand performance is a stronger predictor for 
determining hand dominance than reliance on a single 
measure. However, it must be kept in mind that the number 
of previously performed procedures will strongly influence 
the level of proficiency reached in performing specific 
tasks. This therefore means that hand preference and hand 
performance must be considered together when assessing 
for potential differences in performance outcomes of the 
dominant and nondominant hands.
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Abstract
Introduction: In this study, we aimed to examine the association of cervical spine curve 
abnormalities (loss of cervical lordosis or reversal of cervical curve) with Chiari Type 1 
malformation (CM1). Further, a possible relation of syrinx formation in the cervical spinal cord and 
disc protrusion with CM1 was analyzed. Material and Methods: Cervical spinal magnetic resonance 
imagings of 998 patients were retrospectively screened for the presence of CM1. The frequency rates 
of syrinx formation within the spinal cord, cervical spinal curve changes, and cervical disc herniation 
among CM1+ and CM1− patients were compared. Results: Patients with CM1 have significantly higher 
rate of loss of cervical lordosis when compared with those who have not CM1. The syrinx formation 
rate was also found lower in the CM1+ patients with loss of cervical lordosis than in CM1+ patients 
with either normal cervical lordosis or reversed cervical curve. No significant difference was detected 
between CM1+ and CM1− patients regarding cervical disc herniation rate. Discussion and Conclusion: 
As the loss of cervical lordosis rate is higher in CM1, the patients with lateral X‑ray findings of cervical 
lordosis flattening may be evaluated regarding typical neurological symptoms of syringomyelia.

Keywords: Cervical lordosis, Chiari Type 1 malformation, magnetic resonance imaging, syrinx

Association of Chiari Type 1 Malformation and Cervical Spine Curve 
Changes

Muhammed 
Alpaslan, 
Sercan Özkaçmaz1, 
Yeliz Dadalı, 
İlyas Uçar2

Department of Radiology, 
Faculty of Medicine, 
Kırşehir Ahi Evran 
University, 2Department 
of Physical Therapy and 
Rehabilitation, Institute 
of Physical Therapy and 
Rehabilitation, Kırşehir Ahi 
Evran University, Kırşehir, 
1Department of Radiology, 
Faculty of Medicine, Yüzüncü 
Yıl University, Van, Turkey

How to  c i t e  th is  a r t i c le :  A lpas lan  M , 
Özkaçmaz S, Dadalı Y, Uçar İ. Association of 
Chiari Type 1 malformation and cervical spine curve 
changes. J Anat Soc India 2021;XX:XX-XX.

Introduction
Chiari Type 1 malformation (CM1) is a 
cerebellar tonsil herniation of the foramen 
magnum that results in compression of 
the posterior cranial fossa structures or 
pathologic blockage of fourth ventricle 
cerebrospinal fluid (CSF) flow.[1] CM1 can 
lead to a syrinx formation within the spinal 
cord due to abnormal flow of the CSF at 
the foramen magnum.[2]

Cervical spinal curve changes including 
loss of cervical lordosis can cause neck 
pain which can be shown by various 
radiological modalities such as X‑ray and 
magnetic resonance imaging (MRI).[3]

In this study, we aimed to examine the 
frequency of cervical curve changes in 
patients with CM1 by MRI. Further, 
association of the degree of tonsillar 
herniation and the frequency of syrinx 
formation were investigated.

Material and Methods
Patients

Medical records and radiological images of 
the patients ≥18 years old who admitted to 

our hospital with various complaints and 
underwent a nonenhanced cervical spine 
MRI between February 2018 and October 
2018 were retrospectively screened on 
the hospital database. The patients with 
previous neck or cranial surgery history 
or rheumatic disease or previous severe 
trauma anamnesis or also congenital–
neoplastic cranial or spinal cord diseases 
or craniocervical junction disorders were 
excluded from the study. The study was 
approved by the university research ethic 
committee with a number of 2018‑18/157 
dated October 9, 2018. The procedures 
followed in accordance with the ethical 
standards of the responsible committee and 
with the Helsinki Declaration of 1975, as 
revised in 2000.

Magnetic resonance imaging

The MRIs were acquired using a 1.5 T 
MRI system (GE Signa EXCITE™ 1.5 
T MRI) with a field of view: 200, matrix: 
256 × 256, FA 60°. Fast spin echo sequences 
were used to obtain T1‑ and T2‑weighted 
images in sagittal and T2‑weighted in 
axial planes. The images were transferred 
to a workstation and interpreted by two 
radiologists who have 5 and 6 years of 
experience of cervical spinal imaging.This is an open access journal, and articles are 
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Assessment of Chiari Type 1 malformation

For the diagnosis of CM1, measurement of how far 
cerebellar tonsils protrude below the inferior margins of 
foramen magnum was used. First, a line was drawn from 
anterior (basion) to posterior (opisthion) inner margins 
of the foramen magnum on sagittal T2‑weighted images. 
Inferior part of the cerebellar tonsils protruded below 
this line was also measured. The patient with a protruded 
tonsil part ≥5 mm was diagnosed as CM1 and the ones 

with <5 mm were identified as normal.[4] For the patients 
with different herniation sizes in two sides (right and 
left tonsils), the measurement of most herniated side was 
recorded.

Evaluation of cervical lordosis

A straight line (A) was drawn from the superior‑posterior 
aspect of the C2 odontoid process to the posterior‑inferior 
aspect of the corpus of the C7 vertebra. Second line (B) 
was traced along the posterior aspect of the intervening 
cervical vertebral bodies. A third line (C) intersects 
perpendicularly at the point of greatest distance between A 
and B. The length of C recorded in millimeters is the depth 
of the cervical lordosis [Figure 1]. When the C value was 
zero, it was termed as loss of cervical lordosis (cervical 
flattening) [Figure 2]. Positive C value measurements suggest 
normal lordosis [Figure 1] and negative values are identified 
as evidence of reversal of the lordotic curve [Figure 3].[5] 
We classified our patients to three groups according to the 
status of lordosis as patients with normal lordosis, with loss 
of cervical curve, and with reversed cervical curve.

Assessment of herniation

Discal herniation is defined for a localized displacement 
of disc material beyond the limits of the intervertebral disc 
space.[6]

According to this description, the patients were classified 
as without herniation, with only one‑level herniation, with  
two‑levels herniation, and with three or more levels of 
herniation by evaluating cervical spinal MRIs [Figure 4].

Figure 3: Chiari Type 1 malformation with reversed curve (C distance is 
negative)

Figure 1: Measurement of C distance on sagittal T2‑weighted image Figure 2: Chiari Type 1 malformation with loss of cervical lordosis (C 
distance is zero)
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Assessment of syrinx formation

A syrinx applies to a cavity within the spinal cord that 
may or may not communicate with the central canal.[7] It 
may be congenital (90%) or secondary (posttraumatic, 
postinflammatory, associated with spinal cord tumors 
and vascular insuffiency).[7] Patients who have a 
cavity within cervical spinal cord with a diameter 
of >2 mm[8] were classified as having syrinx cavity, 

while remained ones were identified as with no syrinx 
on MRIs [Figure 5].

Statistical analysis

Statistical Package for the Social Sciences version 21.0 
software for Windows (IBM SPSS Statistics for Windows, 
Version 21.0. Armonk, NY: IBM Corp., USA) was used for 
statistical analysis. Descriptive statistics for variables were 
expressed as mean ± standard deviation and frequency 
(n, %). Statistical significance between groups was 
examined by Chi‑square test. A P ≤ 0.05 was considered 
statistically significant.

Results
A total of 998 patients (18–88 years old, mean age 
47.7 ± 18.7 years) were included in this study. Among 
714 females, 22 had CM1 malformation (3.08%), 
while 13 of 284 males (4.58%) CM1 was detected. 
Overall CM1 malformation rate was 3.51%. The 
CM1 malformation rate of males was mildly higher 
than females, but the difference was not statistically 
significant [Table 1].

Loss of cervical lordosis was detected in 18 (51.43%) and 
reversed cervical curve in 6 patients (17.14%) among 35 
patients with CM1 (Mean age 44.1 years). Normal cervical 
lordosis was seen in remaining 11 patients (31.43%). 

Loss of cervical lordosis was detected in 293 (30.43%) and 
reversed cervical curve in 263 patients (27.31%) among 
963 patients without CM1 ( Mean age 47.8 years).Normal 
cervical lordosis was seen in remaining 407 ones (42.26%). 

Patients with CM1 had statistically significant higher 

Table 1: Distribution of the patients to the groups 
according to gender
Male Female Total

n Rate (%) n Rate (%) n Rate (%)
Chiari Type 1 
malformation +

13 4.58 22 3.08 35 3.51

Chiari Type 1 
malformation −

271 95.42 692 96.91 963 96.49

Total 284 28.46 714 71.54 998 100

Table 2: Distribution of the patients to the groups 
according to cervical curve status

Loss of 
cervical 
lordosis

Reversed 
cervical 
curve

Normal 
cervical 
lordosis

Total

n Rate (%) n Rate (%) n Rate (%)
Chiari Type 1 
malformation 
+

18 51.43 6 17.14 11 31.43 35

Chiari Type 1 
malformation 
−

293 30.43 263 27.31 407 42.26 963

Total 311 31.16 269 26.95 418 41.88 998

Figure 4: Chiari 1 malformation with one‑level discal herniation Figure 5: Chiari 1 malformation with syrinx formation
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loss of cervical lordosis rate when compared with 
patients without CM1 (51.43% vs. 30.43%, respectively, 
P < 0.05) [Table 2].

Patients with CM1 had lower reversed cervical curve rate 
when compared with patients without CM1 (17.4% vs. 
27.31%, respectively, P >0.05) [Table 2].

Patients with CM1 had lower normal cervical lordosis rate 
when compared with patients without CM1 (31.43% vs. 
42.26%, respectively, P>0.05) [Table 2].

In 25 of 35 (71.43%) patients with CM1, no any 
cervical discal protrusion was detected, while in 669 of 
963 (69.74%) patients without CM1, protrusion was not 
seen. The rates regarding having protrusion of these two 
groups were similar (P > 0.05).

Further, the rates of protrusion in one‑level and protrusion in 
three or more levels were similar too. A marked difference 
between two groups regarding the protrusion in two levels 
is seemed to be due to small number of CM1+ patients 
with protrusion in two levels (n: 1) [Table 3].

A syrinx cavity formation was found to be as 20% of 
the CM1+ and 0.83% of the CM1− patients as expected. 
The difference between two groups was statistically 
significant (P < 0.05) [Table 4].

The syrinx cavity rate was similar in the CM1 + patients 
with reversed cervical curve and with normal cervical 
lordosis (27.3% vs. 33.3%). However, when compared with 
both the two subgroups above, CM1+ patients with loss 
of cervical lordosis group had lower syrinx rate (11.11%, 
P >0.05) [Table 5].

In 26 of 35 CM1+ patients, caudal extension of herniation 
was between 5 and 10 mm. In 6 patients, the extension was 
between 11 and 15 mm, while in 3 patients, it was >15 mm.

The syrinx rate of the CM1+ with extension more than 
15 mm was higher than the rate of CM1+ with extension 
between 11 and 15 mm (66.7% vs. 50%, P >0.05). Further, 
the syrinx rate of CM1+ with extension between 11 and 
15 mm was statistically higher than the rate of CM1+ with 
extension between 5 and 10 mm (50% vs. 7.69%, P < 0.05) 
[Table 6].

Discussion
CM1 is characterized with ≥5 mm descent of the caudal 
tip of cerebellar tonsils past the foramen magnum, which 

occurs in approximately 1 in 1000 births.[9,10] It can cause 
neurological symptoms by either direct compression to the 
neurological structures located in foramen magnum and 
spinal canal or causing syrinx formation within spinal cord. 
The obstruction of CSF outflow finally leads to syrinx 
development within spinal cord or brain stem, which results 
in neurological symptoms as cavity expands.[11] Association 
of CM1 and scoliosis is well known;[12,13] however, in 
literature, there is no any study about such relationship 
between CM1 and cervical curve changes including 
reversal of cervical curve–loss of cervical lordosis.

In the present study, we detected lower rates of reversed 
cervical curve and normal lordosis in the patients with 
CM1 when compared with patients without CM1 patients. 
Further, the loss of cervical curve rate was found to be 
higher in the CM1+ patients when compared with the 
CM1− ones. The difference was statistically significant. 
We think that this may be due to a possible compensatory 

Table 3: Distribution of the patients to the groups according to discal protrusion
No protrusion Protrusion in 

one level
Protrusion in 

two levels
Protrusion in three or 

more levels
Total

n Rate (%) n Rate (%) n Rate (%) n Rate (%)
Chiari Type 1 malformation + 25 71.43 8 22.86 1 2.86 1 2.86 35
Chiari Type 1 malformation − 669 69.47 175 18.17 83 8.62 36 3.72 963
Total 694 69.54 183 18.34 84 8.42 37 3.71 998

Table 4: Distribution of the patients to the groups 
according to presence of syrinx formation

Syrinx+ Syrinx− Total
n Rate (%) n Rate (%)

Chiari Type 1 malformation + 7 20.0 28 80.0 35
Chiari Type 1 malformation − 8 0.83 955 99.17 963
Total 15 1.50 983 98.50 998

Table 5: Distribution of the Chiari malformation Type 
I patients according to presence of syrinx cavity and 

cervical curve status
Syrinx+

n Rate (%)
CM+ + reversed cervical curve 3/11 27.27
CM+ + normal cervical lordosis 2/6 33.33
CM+ + loss of cervıcal lordosis 2/18 11.11
Total 7/35 20
CM: Chiari malformation

Table 6: The distribution of the syrinx formation to the 
groups according to the extension of herniation

5‑10 mm 11‑15 mm >15 mm
n Rate (%) n Rate (%) n Rate (%)

Syrinx+ 2 7.69 3 50 2 66.67
Syrinx− 24 92.31 3 50 1 33.33
Total 26 74.29 6 17.14 3 8.56



Alpaslan, et al.: Chiari Type 1 malformation and cervical flattening

166 Journal of the Anatomical Society of India ¦ Volume 70 ¦ Issue 3 ¦ July-September 2021

mechanism which decreases the compression of spinal cord. 
Flexion or extension of occipito–cervical junction may 
increase the compression of the spinal cord by cerebellar 
tonsils at the level of foramen magnum, while the loss of 
cervical curve can minimize this compression. As there are 
no any data about this issue, such possible association must 
be further evaluated with large series.

Cervical syrinx cavity occurs due to 
congenital (myelomeningocele, CM1, CM2, Dandy‑Walker 
malformation, Klippel–Feil syndrome) or acquired (cervical 
canal stenosis, postinflammatory, secondary to a spinal 
cord tumor, secondary to a hemorrhage, due to vascular 
insufficiency) conditions.[7]

In a study, syringohydromyelia was detected in 39 (36.1%) of 
108 symptomatic CM1 patients. They suggested craniocervical 
junction osseous anomalies (platybasia, retroverted odontoid, 
short hypoplastic clivus, basilar invagination) as most 
predictive of syrinx formation that can create a point of 
mechanical stress and tension, leading to anterior brain stem 
compression.[14] Our syrinx frequency in the CM1+ patients 
was significantly higher than the frequency in CM1− patients 
as expected. (20% vs. 0.83%, respectively). However, the 
syrinx frequency in the CM1+ patients with loss of cervical 
lordosis was lower than both in CM1+ patients with reversed 
cervical curve or with normal cervical lordosis (11.1% vs. 
27,3% and 33.3%, respectively). We think that this lower 
frequency may be due to a vertical position of proximal 
medulla spinalis segments, while anteflexion or retroflexion 
of spinal cord can contribute the compression of medulla 
spinalis in the level of foramen magnum and also leads to 
the CSF flow blockage in subarachnoid space, which finally 
results in syrinx formation. This possible association must be 
further examined with larger series.

In the literature, there are some studies which suggest that 
increased amount of tonsillar herniation was associated 
with a greater likelihood of an associated spinal 
syrinx,[4,15,16] while a study did not detect any association 
of syrinx formation and degree of tonsillar herniation.[14] 
Our results also supported that the extension size of the 
tonsils would affects the syrinx cavity formation. The 
syrinx frequency in CM1+ patients with a tonsil herniation 
between 5 and 10 mm was significantly lower than in the 
patients with a herniation between 11 and 15 mm and also 
with a herniation of >15 mm (7.69% vs. 50% and 66.67%, 
respectively). As herniation extension size increase, 
the syrinx cavity frequency increases significantly may 
suggest that a longer compressed segment of the spinal 
cord can be associated with increased risk of syrinx 
formation.

The cervical discal protrusion incidences of the CM1+ and 
CM1− patients were similar with no statistically significant 
difference which suggests that CM1 or syrinx cavity are not 
associated with cervical discal herniation. In the literature, 
resolution of cervical syrinx cavity after a surgical 

treatment of discal hernia was reported in a patient without 
CM1, which can suggest a possible association of discal 
protrusion with syrinx formation, leading to spinal stenosis 
or direct compression of spinal cord.[17] For this reason, 
a cervical syrinx cavity in a CM1+ patients, in whom 
cervical discal herniation is detected must be carefully 
evaluated before a surgery for accurate identification of the 
cause of syrinx cavity.

The major limitations of the study are the retrospective 
design and small patient number. Especially in some 
subgroups, small patient number did not allow an optimal 
comparison. Further, the results were not correlated with 
clinical symptoms and signs.

Conclusion
CM1 must be kept in mind for the patients with cervical 
flattening seen on X‑ray and computed tomographic 
images, especially when symptoms and signs associated 
with syrinx formation are present.
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Abstract
Background: Liver cirrhosis is essentially an end stage liver fibrosis that develops as a continuation 
of normal wound healing in response to chronic liver injury. While 1/4th of cirrhotic livers are 
morphologically normal in size and configuration, on computerized tomography, over 1/3rd are 
diffusely atrophic and almost 50% manifest focal hypertrophy most commonly in the caudate 
lobe concomitant with segmental atrophy of the right lobe. Aims and Objectives: To analyze the 
morphometric measurements of the right lobe and determine the C/RL in human cadaveric liver 
and compare the values of C/RL ratio to previously documented studies in an attempt to provide 
baseline data. Material and Methods: The study was conducted on 100 human cadaveric livers 
at Anatomy Department, Medical College Baroda, Vadodara, Gujarat. Morphometric measurements 
were observed in mm with threads and digital Vernier Caliper. Results: The transverse diameter of 
the right lobe averaged 78.22 ± 12.17 mm, with values ranging at 55.06–98.30 mm. The longitudinal 
diameter of the right lobe averaged 126.31 ± 20.24 with values ranging at 90.54–172.18 mm. 
Harbin’s Index was calculated as the ratio of the CT to right lobe, i.e., (CT/RT), and averaged 0.38 
± 0.12 with values ranging at 0.17–0.61. Discussion and Conclusion: While nodular regeneration 
within liver parenchyma may be difficult to recognize on ultrasonography and any irregularity of the 
liver surface may be apparent only with macro nodules or ascitic effusion, caudate lobe hypertrophy 
is a consistent finding with liver cirrhosis or other chronic liver disease.

Keywords: Caudate to right lobe ratio, Harbin’s index, liver cirrhosis
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Introduction
Globally, hepatitis is considered one 
of the most common causes of chronic 
liver disease and continues to affect a 
large fraction of the population. Overall, 
1/5th of the acute hepatitis C cases proceed 
to cirrhosis and coupled with ascites, 
encephalopathy, and altered liver function 
tests, such cases, invariably warrant liver 
transplantation.[1] Hence, it becomes 
imperative to have thorough knowledge 
of the liver anatomy and its variations 
to achieve successful surgical outcomes, 
especially in the era of diagnostic imaging 
and minimally invasive surgeries.[2]

Liver cirrhosis is essentially an end‑stage 
liver fibrosis that develops as a continuation 
of normal wound healing in response 
to chronic liver injury. Histologically, it 
presents as hepatocyte islands in the form 
of regenerative nodules that are devoid of 
central vein and are surrounded by fibrotic 

septa. Functionally, the exchange between 
hepatic sinusoids and adjacent parenchyma 
is compromised through shunting of portal 
and arterial blood directly into the hepatic 
outflow. Impaired liver function, portal 
hypertension, hepatocellular carcinoma 
are few well‑known sequelae of liver 
cirrhosis.[3]

Currently, liver biopsy is the choice 
of investigation for diagnosing liver 
cirrhosis.[4] However, sampling errors in 
needle biopsies, incomplete interpretation 
of semi‑quantitative scores, intricacies in 
recognizing a fully developed stage of 
cirrhosis in needle biopsy specimens raise 
substantial challenges.[5] On the other hand, 
while 1/4th of end‑stage cirrhotic livers 
are morphologically normal in size and 
configuration, on computerized tomography, 
over 1/3rd are diffusely atrophic and almost 
50% manifest focal hypertrophy most 
commonly in the caudate lobe concomitant 
with segmental atrophy of the right lobe.[6]

Anatomically, caudate lobe is identified on 
the liver as a prominence on its inferior and This is an open access journal, and articles are 
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posterior surfaces. Situated posterior to porta hepatis it is 
related with the fissure for ligamentum venosum on the left 
and groove for inferior vena cava on its right. Based on 
the distribution of portal venous branches and the location 
of hepatic veins in the parenchyma, functionally, it acts as 
a separate lobe and corresponds to segment I of the eight 
functional segments of the Couinaud’s division of liver.[7]

Caudate lobe to right lobe ratio (C/RL) is one such 
morphological measurement used to record the hepatic 
changes in cirrhotic livers. Globally accepted values of 
C/RL ratio range to <0.6, values between 0.6 and 0.65 are 
considered borderline, and any value >0.65 can indicate 
a case of liver cirrhosis.[8] The purpose of this study is to 
analyze the morphometric measurements of the right lobe 
and determine the C/RL in human cadaveric liver and 
compare the values of C/RL ratio to previously documented 
studies in an attempt to provide baseline data.

Material and Methods
This descriptive observational study was carried out on 
100 Human cadaveric livers available at the Anatomy 
Department, Medical College Baroda, Vadodara, Gujarat. 
Details of the study were submitted and approved according 
to the ethical and legal standards of the Institutional 
Ethics Committee for Human Research, Medical College 
and SSG Hospital, Baroda (EC Reg. No.: ECR/85/Inst/
GJ/2013/RR‑16, Dated: November 02, 2017). Cadavers, 
embalmed with formalin‑based embalming fluid were 
dissected during anatomy practical classes to remove 
the liver en bloc along with hepatic segment of inferior 
vena cava and the structures present in the porta hepatis. 
Demographic information was not collected as a part of 
this study. Nineteen specimens with gross appearance 
of any pathological conditions were excluded from the 
study. Each liver was held in an anatomical position to 
identify its visceral and parietal surfaces and morphometric 
measurements were calculated in mm with the help of 
cotton threads and Kristeel digital Vernier Caliper with 
calibration certificate 200 mm/8 inch (2917).

Three lines, L1, L2, and L3 were marked with the help of 
cotton threads at the following locations:
•	 L1: Through the right lateral wall of the main portal 

vein
•	 L2: Parallel to L1 at the most medial margin of the 

caudate lobe
•	 L3: Perpendicular to lines L1 and L2, midway 

between main portal vein and the inferior vena cava, 
and extended out to the lateral margin of the right 
lobe.

The distance along line 3, between lines 1 and 2, was the 
transverse diameter of the caudate lobe (CT). The distance 
along line 3, between the lateral margin of the right 
lobe and line 1, was the transverse diameter of the right 
lobe (RT)[9] [Figure 1].

•	 CT: Measured from the most medial margin of the 
caudate lobe to the right lateral wall of the portal vein[8]

•	 RT: Measured from the right lateral wall of the portal 
vein to the most lateral margin of the right lobe[8]

•	 Longitudinal diameter of Caudate lobe (CL): Measured 
as the maximum longitudinal extension of the caudate 
lobe from the inferior border of the caudate lobe just 
above the porta hepatis[9]

•	 Longitudinal diameter of Right lobe (RL): Vertical 
length was measured by taking mid‑point of the RT as 
the reference.[10]

Harbin’s index (CT/RT) was calculated as the ratio of CT to 
the RT.

All hepatic measurements were taken by the principal 
investigator on three different occasions and the average of 
the readings was considered for computation. The findings 
were documented, photographed and data were analyzed 
using descriptive statistics and Shapiro–Wilk test to study 
any deviation.

Results
Morphometric analysis of caudate lobe

The values of transverse diameter (28.69 ± 7.73 mm) and 
longitudinal diameter (54.97 ± 10.73 mm) of caudate lobe 
have been discussed in another paper by the same author.[11]

Morphometric analysis of right lobe

The RT was averaged 78.22 ± 12.17 mm with values 
ranging at 55.06–98.30 mm and median value of 
79.84 mm. The RL was averaged 126.31 ± 20.24 mm with 
values ranging at 90.54–172.18 mm and median value of 
126.54 mm. Shapiro‑wilk test was used to revealed normal 
distribution, for both, Transverse diameter of Right lobe (RT) 
and Longitudinal diameter of Right lobe (RL). The P values 
calculated were 0.001 and 0.02 respectively [Figure 2].

Figure 1: The first line (L1) through the right lateral wall of the main portal 
vein. A second line (L2) is marked parallel to L1 at the most medial margin 
of the caudate lobe. A third line (L3) is marked perpendicular to the first 
two lines, midway between the main portal vein and the inferior vena cava 
extended out to the most lateral margin of the right lobe
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Harbin’s index

Harbin’s Index was measured for each specimen by taking 
ratio of the CT to RT, and accordingly, the average value 
for Harbin’s Index is derived to be 0.38 ± 0.12 with values 
ranging at 0.17–0.61 and median value of 0.36. Shapiro–
Wilk test reveal that Harbin’s Index was not normally 
distributed as P = 0.001.

Discussion
Morphology of caudate lobe

Morphometric measurements of caudate lobe in the present 
study were observed, as discussed in another paper by 
the same author.[11] While literature does not narrate the 
relationship between caudate lobe and interior of the 
liver sufficiently. This was addressed in the hypothesis 
proposed by Dodds et al.[12] which states that during the 
second trimester, as the liver enlarges, the liver (developing 
within the ventral mesentery) and the mesentery of the 
ductus venosus rotate towards right around and behind the 
mesentery of ductus venosus resulting in a small portion 
of the liver being wedged behind the mesentery of ductus 
venosus, within an angle formed by ductus venosus and 
the inferior vena cava. It clarifies that the caudate lobe 
develops from a small portion of both the hepatic lobes, 
and subsequently, vascular supply comes from both right 
and left hepatic arteries and both portal veins. Furthermore, 
small communicating veins pass directly between the 
caudate lobe and inferior vena cava. Becker et al.[13] state 
that since emissary veins that open directly into the inferior 
vena cava maintain the venous drainage of caudate lobe, 
any obstruction of hepatic vein causes increased blood 
flow through caudate lobe resulting in hypertrophy often 
accompanied with right or left lobar atrophy, primarily seen 
in cirrhosis.

Morphology of right lobe

Using the method given by Harbin et al. (1980), we 
measured the average RT as 78.22 ± 12.17 mm and the 
average RL as 129.65 ± 37.73 mm. Similar findings with the 

average RT as 88.3 ± 13.2 mm (range 70–119 mm) in males 
and 81.8 ± 12.3 mm (range 69–98 mm) in females and have 
been presented by Sahni et al.[14] in their study on autopsied 
liver specimens preserved in 10% formalin at Postgraduate 
Institute of Medical Education and Research, Chandigarh. In 
a radiographic study on adult healthy volunteers at College 
of Medical Sciences University of Maiduguri, Bomo, 
Ahidjo et al.[15] measured the mean ± standard deviation 
for the RT as 88.7 ± 12.6 mm (range 62–110 mm) in 
males and 83.6 ± 10.4 mm (range 62–108 mm) in females. 
Chavan and Wabale[16] studied 50 embalmed livers at RMC, 
Loni, and measured the average RT as 84 mm (range 
67–105 mm). In another study on embalmed livers at Shri 
Ram Murti Smarak Institute of Medical Sciences, Bareilly, 
Arora et al.[10] measured the average RT as 77.9 mm (range 
52.9–99.3 mm) and longitudinal diameter (vertical length) 
of the right lobe as 114.3 mm (range 95.2–136.3 mm). 
Sagoo et al.[9] in a similar study on embalmed livers in two 
different populations, North‑West Indian (NWI) and the 
United Kingdom Caucasian also derived the average RT to 
80.6 ± 10.16 mm and 88.2 ± 10.9 mm, respectively.

Harbin’s index

Harbin’s index calculated as the ratio of CT to RT in the 
present study valued 0.38 ± 0.12. Harbin’s index values for 
other studies are described in Table 1.

While nodular regeneration within liver parenchyma 
may be difficult to recognize on ultrasonography and any 
irregularity of the liver surface may be apparent only 
with macro‑nodules or ascitic effusion,[17] caudate lobe 
hypertrophy is a consistent finding with liver cirrhosis 
or other chronic liver disease.[18] Hence, any pathological 
changes in the caudate or right lobe of liver could be 
determined through knowing the normal morphometric 
measurements in healthy adult subjects. Following are the 
comparative values of Harbin’s index in control groups and 
known cases of cirrhosis [Table 2].

To begin with, Harbin et al.[8] calculated the hepatic 
indices on in situ liver specimens through ultrasonography. 
While it was possible to identify the same points on livers 
dissected from cadavers embalmed with formalin, it would 
be interesting to consider if ultrasonographic measurements 
in living patient can be applied to embalmed tissue without 
modification. Rutherford and Karanjia[22] studied <10% 
shrinkage in freshly resected liver specimens placed in 
10% formalin solution for 24 h and stated that although the 
liver parenchyma does shrink the magnitude of the effect 
is considerably small. Similarly, Nlebedum et al.[23] in their 
study on the effect of embalming fluids on histological 
appearance of organs from embalmed West African goat 
cadavers found that while microscopic architecture of 
liver tissue from embalmed cadavers appear moderately 
distorted, the morphology of hepatocytes and Kupffer cells 
remain normal. More so, the central vein, portal triad, 
covering capsule and vasculature, especially the sinusoids, 

Figure 2: Transverse diameter of the right lobe measured on L3 between 
L1 and most lateral margin of right lobe
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also remain normal. This quality preservation seen in 
cadaveric liver samples may be attributed to profuse 
vascularity of the liver, since embalming fluids were 
administered through vessels.

Conclusion
The present study confirms the values of caudate to right 
lobe ratio in normal subjects, and there is a significant 
difference in the values when compared with known 
cases of liver cirrhosis. Based on these findings, it can be 
concluded that caudate to right lobe ratio (Harbin’s index) 
can be highly reliable parameter for diagnosing liver 
cirrhosis and other chronic liver disease.
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Abstract
An extensive knowledge of the origin and course of testicular arteries (TAs) is indispensable during 
various surgical procedures such as renal transplant, intra‑abdominal surgeries, and even in orthopedic 
surgeries such as spine surgery. With the advent of new intra‑abdominal therapeutic and diagnostic 
techniques, the anatomy of TAs has assumed much more significance. Although the variations of the 
testicular vein are well documented, the variations of the TA are not so frequent in incidence. We 
report a rare case of bilateral aberrant origin of the TA from polar renal arteries.   Though anomalies 
of the polar arteries supplying the kidney are common, bilateral origin of TAs from them is a rare 
presentation. We also discuss its developmental basis. Such anomalies if left unnoticed will lead to 
serious intraoperative complications during procedures on retroperitoneal organs. Any damage to the 
TAs will compromise the function of the gonads.

Keywords: Abdominal aorta, inferior renal polar artery, renal artery, suprarenal arteries
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Introduction
Abdominal aorta being the sole purveyor of 
all organs in the abdomen is quite legendary 
for anomalies not only of its own but also 
due to its fellow branches. This provokes 
different types of pathogenesis of different 
organs; hence, an utmost knowledge of 
varying patterns of abdominal aorta and 
its branches evokes great importance 
in medical stream. Varying patterns of 
testicular artery (TA) is one of them.

Each TA originates from the abdominal 
aorta, at the level of second lumbar 
vertebra, 2.5–5 cm inferior to the origin of 
the renal artery. It traverses inferolaterally 
under the parietal peritoneum, along psoas 
major, toward the pelvis. It then enters the 
deep (internal) inguinal ring and travels 
along the ipsilateral spermatic cord in the 
inguinal canal to the scrotum and supplies 
ipsilateral testis.[1] Though the variations 
of testicular vein are well documented, 
the variations of TA are not so frequent 
in incidence. Most of these anomalies are 
related to the origin of TA. The knowledge 
of varying patterns of TA is not only 
significant in testicular and renal pathology 
but is also of utmost importance in various 
surgical procedures.

Case Report
During the routine dissection of an 
embalmed elderly male cadaver in 
the Department of Anatomy, AIIMS, 
New Delhi, we encountered an anomalous 
origin of bilateral TAs from the polar 
arteries which were supplying the lower 
pole of the corresponding kidneys. 
The renal arteries were seen separately 
originating from the abdominal aorta. On 
each side, the TA traversed inferolaterally 
under the parietal peritoneum with the 
testicular vein, along psoas major. It then 
crossed the ureter, toward the pelvis. 
Finally, it entered the deep inguinal ring to 
supply the testis [Figure 1]. The length of 
the right TA was 17.6 cm and that of the 
left was 17.6 cm from its origin up to the 
deep inguinal ring. There were no visible 
structural anomalies in the kidneys and 
testicles.

Discussion
Asala et al. reported anatomical variations 
of the TA in 4.7% of 150 cadavers. The 
variations reported by them were related to 
the origin of TA, which were either from 
unusually high levels of the abdominal 
aorta or from the renal artery. In four 
cases, they reported that the right TA was 
a branch of the right renal artery and in This is an open access journal, and articles are 
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one of these, the right TA gave rise to the right inferior 
suprarenal artery.[2]

Different types of anomalies related to TA, such as the 
absence of one of the arteries; common origin of both 
arteries; double arteries; and high origin from the aorta 
and origin from the lumbar, renal, middle, and superior 
suprarenal arteries, were documented by Bergman et al.[3]

Pai et al. documented different types of anomalies of TA 
and classified them. In 85.3% of cases, the origin of TA 
was normal and in the remaining 14.7%, various anomalies 
were observed, as follows: variation 1 – in 7.4% of cases, 
TA was a branch of the inferior renal polar artery; variation 
2 – the TA was a branch of the main renal artery on the 
right side; variation 3 – TA with high origin, at the level 
of the origin of the renal artery mainly in the left side; and 
variation 4 – duplication of TA on the right side. There 
were double TAs – the lateral and the medial TAs.[4] The 
present case is similar to variation 1 as described by Pai 
et al. They have mentioned this kind of variation in three 
right‑ and two left‑sided TAs but did not mention the 
bilateral anomalous origin of TAs in the same cadaver, as 
seen in the present case.

Machnicki and Grzybiak reported the varying patterns of 
TA in fetuses as well as adults and grouped them. They 
documented four major types as follows: Type A – a 
single TA originating from the aorta; Type B – a single 
TA originating from the renal artery; Type C – two TAs 
originating from the aorta that supply the same gonad; Type 
D – two TAs supplying the same gonad, one arising from 
the aorta and the other from the renal artery. The present 
case has not been categorized under any of them. Here, TA 
originated from the lower polar artery bilaterally.[5]

Ciçekcibaşi et al. classified the TA according to its origin 
into four distinct types, as follows: Type I – TA arising 
from the suprarenal artery; Type II – TA originating from 
the renal artery; Type III – TA of high origin from the 
abdominal aorta, close to the origin of renal artery; and 
Type IV – duplication of TA at its origin from the aorta or 
from various vessels. The present case did not fall under 
any of the above‑said classifications.[6]

Bordei et al. reported four cases of a single genital artery 
arising from supplementary renal arteries.[7] In their study 
done on forty cadavers, Mamatha et al. have mentioned that 
20% of the cadavers showed variation in the origin of TAs. 
A single cadaver showed bilateral variations in the origin 
of TA from accessory renal arteries.[8] Singh et al. found 
bilateral origin of the ovarian arteries from the accessory 
renal arteries,[9] whereas we found the same variation in the 
case of TA. Kayalvizhi et al. in their review on anatomical 
variations on TA have mentioned that very few reports were 
found on variations in TA with respect to their origin from 
other sites, thus signifying the importance of reporting the 
present case.[10]

Our findings matched with that of Shoja et al. They 
documented the incidence of gonadal artery originating 
from the main or accessory renal artery in 14% of cases, 
among which in 7% of cases, it originated from the inferior 
renal polar artery.[11]

On embryological basis, Keibel et al. divided nine pairs of 
lateral mesonephric arteries arising from the dorsal aorta 
into the following three groups: cranial group – the 1st 
and 2nd arteries; middle group – the 3rd to 5th arteries; and 
caudal group – the 6th to 9th arteries. Any of the mentioned 
nine arteries may become the gonadal artery. It usually 
arises from the caudal group.[12]

The origin and course of TA has to be identified 
carefully during various surgical procedures such as 
renal transplant, intra‑abdominal surgeries, and even in 
orthopedic surgeries such as spine surgery. Radiologists 
should have an immense knowledge on the different types 
of TAs for making an accurate diagnosis. Knowledge of 
these variations may also provide safety guidelines for 
endovascular procedures such as therapeutic embolization 
and angioplasties.
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Abstract
True or primary anophthalmic cyclopia is an extremely rare and severe malformation of eye. It is the 
apparent absence of eyeball in a median orbit and it results from failure of the optic vesicle (optic 
primordial) to form from the cerebral or prosencephalic vesicles. Proboscis is a skin‑covered median 
tubular appendage above the anophthalmic median orbit. It results from the defective development 
of the olfactory placodes. Sirenomelia, or mermaid syndrome, is a rare abnormality characterized by 
complete or incomplete fusion of lower limbs. Acardiacus is a fatal complication of monozygotic 
twin pregnancy. The acardiacus maintains its circulation through the heart of its normal twin 
reversed arterial perfusion mate. This manuscript reports on a severely malformed monozygotic 
stillborn twin with anophthalmic cyclopia, proboscis, acardia, absence of upper limb, sirenomelia, 
and aprosencephaly; agenesis of diaphragm, respiratory system, genitourinary system, lymphatic 
system, endocrine system, and external genitalia; and intestinal atresia, liver atresia, vascular atresia, 
hypoplastic skeletal system, and muscular system. In general, in all these fetal abnormalities, there 
are various degrees of malformation causing group of groups of anomalies. Probable cause of these 
anomalies is discussed.

Keywords: Monochorionic‑monoamniotic twin, twin reversed arterial perfusion, twin–twin 
transfusion syndrome
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Introduction
True or primary anophthalmic cyclopia 
with proboscis, sirenomelia, acardia, and 
associated malformations, is extremely 
rare and severe malformation occurring 
in early stages of development.[1] The 
monozygotic twins occur in approximately 
1 in 200 births, which represent the most 
common aberration of morphogenesis 
noted in the human.[2] The prevalence of 
anophthalmic cyclopia is approximately 
30 per 100,000, and sirenomelia is found 
in approximately 1 out of every 100,000 
live births, 100 times more likely to occur 
in identical twins than single birth or 
fraternal twin.[3] There are approximately 
300 cases of sirenomelia reported in the 
literature, 15% of which are associated 
with twinning, more often monozygotic.[4] 
“Monochorionic‑monoamniotic (MoMo)” 
twins are very rare with an occurrence 
of 1 in 35,000 to 1 in 60,000 pregnancies 
corresponding to about 1% of twin 
pregnancy. Acardiac twinning is thought 
to affect 1 in 100 monozygotic twin 

gestation and 1 in 35,000 pregnancies 
overall. In monozygotic twinning, if the 
division occurs unequally, one component 
may become dependent on its co‑twin’s 
cardiovascular system and can develop 
into an acardiac fetus.[5] The anomalous 
monster twin was a heterogeneous mass 
of tissue with a well‑developed skull, ribs, 
sternum, dural folds, and spinal cord. All 
the remaining tissues were either absent or 
poorly developed. An acardiacus refers to a 
hemodynamically disadvantaged nonviable 
twin which occurs in association with a 
twin reversed arterial perfusion (TRAP) 
sequence which corresponds to twin–
twin transfusion syndrome (TTTS).[6] In 
TTTS, arterial‑arterial and venous‑venous 
anastomoses in the placenta permit twin–
twin transfusion and reversal of blood flow 
in the umbilical vessels and aorta of the 
recipient twin. The anomalous twin had a 
cephalic attachment of the umbilical cord 
so that the head has got maximum tissue 
differentiation compared to other regions. 
The present article describes the details of 
the anomalous with the help of dissection 
and X‑rays.
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Case Report
A 28‑year‑old female, with consanguineous marriage, 
G1P1, with an unremarkable family history was admitted 
to a peripheral hospital, at 35 weeks of gestation with labor 
pain. Antenatal ultrasound revealed a monozygotic twin 
pregnancy. Antenatal diagnosis by ultrasound examination 
was confirmed the monozygotic twin (MoMo twin) 
gestation and detected most of the associated malformations 
in the anomalous twin; the co‑twin was a normal fetus. 
Other than ultrasound scan during the second trimester, 
the parents never did any investigations because of 
economic and social status. The selective termination of the 
anomalous twin was not done because the patient’s family 
did not allow to do any intrauterine interventions. Because 
of the economic and social status, the family never did any 
investigations during the pregnancy. Only when she was 
suffering from labor pain, they came to the hospital. She 
had undergone a lower‑segment cesarean section, because 
of delay in normal progress of the labor. The first of the 
twin was an apparently healthy male neonate, with 3.2 kg 
birth weight. On examination, the co‑twin was found to 
be a monstrous stillborn fetus having a dysmorphic face, 
with a median single eye, absence of nose, micrognathia, 
and a proboscis, all of which made anophthalmic cyclopia, 
and associated malformations the possible initial diagnosis. 
Anomalous twin had a crown–rump length of 19.5 cm, 
weighs 1000 g, and shows the following anomalies which 
are described in Table 1. Two umbilical cords were noticed. 

The umbilical cord of the normal twin was long with a 
pair of umbilical arteries and one umbilical vein. The 
anomalous twin had a short umbilical cord of 7.5 cm long 
with a single small umbilical artery and a big umbilical 
vein. The umbilical cord was attached to the head–
trunk junction of the fetus. There was no obvious neck, 
but there was a transverse linear constriction on ventral 
region. The anomalous twin was very soft, edematous with 
sloughed‑off skin. All the clinical features were confirmed 
by the radiological pictures and the dissection photographs 
of the body. Chromosomal analysis was not carried out as 
consent was not given by the parents.

Discussion
We have reported on a 36‑week gestation stillborn fetus 
with anophthalmic cyclopia with associated malformation. 
To our knowledge, this is a bizarre form of anomalies and 
the fetus can be the victim of monozygotic twinning. In this 
case, no apparent comparable cases could be extracted from 
the literature for comparison. Cyclopia represents a severe 
deficit in early midline facial development, the eyes become 
fused, and the olfactory placodes consolidate into a single 
tube‑like proboscis above the eye. Anophthalmic cyclopia 
occurs due to failure in the development of optic primordia. 
There is failure in the cleavage of the prosencephalon 
resulting in the absence of the forebrain (aprosencephaly). 
The absence of an organ may be due to its disappearance 
in the subsequent development owing either to an inherent 

Table 1: Dissection findings of the variant twin
Region/parts Gross features
Head [Figure 1] Umbilical cord was attached to the head. Approximately normal size for a full‑term; 

anophthalmic cyclopia with proboscis (1.7 cm, no cavity), arhinia, rudimentary low set 
ears without external acoustic meatus, mouth with clefted lower lip, and microglossia. 
Normal gum and cheeks. Scalp thickness at bregma ‑ 1.08 cm, at lamda ‑ 2.55 cm and extra 
subcutaneous connective tissue in the occipital region

Brain [Figure 2] Cranial cavity almost empty except brain stem, dural folds with dural venous sinuses. 
Absence of forebrain (aprosencephaly). Anteroposterior diameter of cranial cavity is 7.9 cm, 
and transverse diameter is 6.2 cm. No pituitary gland in the fossa, rudimentary cranial nerves. 
Optic canal (4 cm long) connecting anterior cranial fossa to median anophthalmic orbit

Neck [Figure 1] No obvious neck
Upper limb Figure 1 Totally absent
Diaphragm [Figure 2a and b] Totally absent
Upper ½ of trunk [Figure 2a and b] Body wall with normal ribs, and sternum, vertebrae. No viscera
Lower ½ of trunk [Figure 2a and b] Almost empty except a network of blood vessels, blind‑ended coiled tube of intestine (10 cm), 

small lobulated liver. All other viscera absent
External genitalia [Figure 1a] Totally absent
Lower limb Figures 1 and 2 Both limbs are of different lengths; left ‑ 4.5 cm, right ‑ 5.5 cm; fused proximally like a 

mermaid (sirenomelia), hypoplastic contracted pelvis, normal hip bone, normal femora, 
hypoplastic tibiae and absent fibulae. Foot skeleton ‑ 3 toes on left and 2 toes on right. Left 
femur, tibia thinner and shorter than right

Vertebral column [Figure 3] Apparent scoliosis, normal vertebra except sacrum (hypoplastic)
Spinal cord [Figure 2] 11 cm long fully occupies the vertebral canal. Normal spinal meninges and spinal nerves. No 

brachial plexus, but lumbosacral plexus is well seen with proportionate thickness
Radiological finding [Figure 3] Skull shows all bones except ethmoid and nasal bones. No upper limb bones, scapula, and 

clavicle, hyoid bone. Ribs, sternum, vertebrae well seen. Lower limb bones were hypoplastic
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genetic deficiency in the tissue or due to interference with 
its blood supply by a different developmental abnormality. 
The inductive stimulus is not adequate in strength or if 
the substrate tissue does not give the normal response, the 
resulting organ will be smaller than normal (hypoplasia) 
and incompletely differentiated. Cyclopia refers to a 
single median orbit that contains ocular structures that 
are of three types, namely (1) anophthalmic (no ocular 
structures and has four subdivisions – [a] primary, [b] 
secondary, [c] clinical [degenerative], and [d] inherited 
isolated anophthalmia),[7] (2) monophthalmic, and (3) 
synophthalmic, and are shown in Table 2. Anophthalmia 
is always associated with multisystem malformation 
syndromes such as Waardenburg recessive anophthalmic 
syndromes or Lenz microphthalmic syndromes.[8,9] We 
classified our case into true or primary anophthalmic 
cyclopia. A proboscis is usually present above the orbit. 
Both lateral and medial nasal swellings are diminished and 
the remaining tissue continues to proliferate to form the 
tubular proboscis. Gene controlling the ocular development 

is SOX2 and the mutation to SOX2 genes or environmental 
factors have been associated with anophthalmic 
cyclopia.[10] Agent like magnesium salts, alcohol, lithium 
chloride, retinol, and radiation, induces cyclopia in 
animals.[11] Experimental cyclopia has been produced 
in the saltwater minnow (Fundulus heteroclitus) by the 
addition of magnesium salts to the seawater containing 
the fertilized egg.[12] Our patient had no history of taking 
calculates or any other drugs during her pregnancy. 
During embryogenesis, the prechordal mesoderm not only 
forms the median facial bones but also induces rostral 
neuroectodermal differentiation and morphogenesis.[13] At 
the 22nd day of gestation (beginning of eye development), 
PAX‑6 gene, a master gene for eye development, is 
expressed in the single eye field at the anterior neural ridge 
of the neural plate before neurulation begins. The single 
eye field is separated into two optic primordial vesicles by 
sonic hedgehog (SHH) signal expressed in the prechordal 
plate. Prechordal mesoderm ensures that the median neural 
plate cells regulate the retinal precursor gene expression so 
that these cells proliferate to form the ventral diencephalon. 

Table 2: Morphological classification of cyclopia
Types Features Subtypes Features
Anophthalmia Ocular structures are absent 1. True or primary

2. Secondary
3. Degenerative or clinical
4. Inherited isolated

Optic nerves and tracts absent
Severe forebrain malformation
Degeneration/regression of optic vesicles
Autosomal recessive

Microphthalmia Small eyeball No subtypes ‑
Synophthalmia Fused eyeball No subtypes ‑

Figure 1: Morphological features of the fetus. (a) Anterior view of gross 
appearance of variant twin showing all external deformities such as no 
neck, no upper limb, cyclopia with proboscis, and sirenomelia. (b) Anterior 
view of face – arrowheads pointing to bilateral absence of orbits, 
proboscis. (c) Anterior view of face – arrowheads pointing single median 
eye, proboscis. (d) Anterolateral view – arrowheads pointing to umbilical 
cord, sirenomelia

dc

ba

Figure 2:  Dissection  findings  of  the  fetus.  (a)  Exposed  single  cavity 
in the trunk without diaphragm – arrowheads pointing to showing a 
network of primitive blood vessels and coils of  intestine.  (b) Cavity of 
the  trunk  –  arrowheads showing  intestinal  loop  (forceps  tip pointing), 
umbilical  cord with umbilical  vessels.  (c) Exposed cranial  cavity  (3/4th) 
empty – arrowheads pointing to cerebellum, brainstem, and optic 
canal  (forceps  tip pointing).  (d) Exposed vertebral  canal  –  arrowheads 
pointing to spinal cord and nerves
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ba



Figure 3: Radiological features of the fetus – total radiograph showing 
cranium, well‑developed vertebral column with scoliosis, ribs, and the 
remaining bones are hypoplastic
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An absence in this signaling will lead to the improper 
differentiation of these cells, so that the median neural 
plate cells instead of developing into retinal precursors and 
merge with the single form fused retinal field. In addition, 
the prechordal plate stimulates the prosencephalon to divide 
and migrate to form the forebrain. Hence, a deficiency 
in prechordal plate material will decrease the induction 
of forebrain growth and development. SHH signaling 
inhibition in vivo results in craniofacial neural crest cell 
death.[14] Proboscis in cyclopia represents the anterosuperior 
part of the normal nasal cavity developed in the absence of 
median components. Holoprosencephalic facial anomalies 
were due to faulty embryogenesis of the prechordal 

cephalic mesenchyme, leading to failure of telencephalic 
cleavage and of neural crest‑mediated development of the 
calvaria and facial prominences.[15‑18] Malformations are a 
result from the disappearance or abnormal development 
of various parts of the pharyngeal arch. They are probably 
due to insufficient migration of arch I neural crest cells and 
are associated with anomalies of the mandibular swelling 
and ear. Auricular atresia occurs along a spectrum from an 
isolated malformed auricle to, at the most extreme form, 
an absent external auditory canal with severe inner, middle, 
and external ear defects. Arhinencephaly and agenesis 
of the corpus callosum are considered as heterogeneous 
entities, often totally distinct and independent from the 
malformative process of the holoprosencephaly; it appears 
that in arhinencephaly, the deficiencies in the frontonasal 
mesenchyme secondary to deficient neural crest formation 
result in a range of malformations varying from fairly 
typical clefts of the lip to almost complete absence of all 
frontonasal derivatives.[19‑21] TRAP sequence refers to a rare, 
unique complication of mono‑chorionic twin pregnancy 
in which a twin with an absent or a nonfunctioning 
heart (acardiac twin) is perfused by its co‑twin (pump 
twin) through placental arterial anastomoses. The acardiac 
twin usually has a poorly developed heart, upper body, and 
head. Complications are more with monochorionic twin 
gestations due to placental sharing.[22] The TRAP sequence, 
also known as acardiac twinning, is a malformation 
that occurs only in monochorionic pregnancies, with a 
frequency of about 1 per 35,000 deliveries.[23‑25] Acardiac 
twin can be classified by the degree of gross morphologic 
malformation present into four morphological types and is 
shown in Table 3.[26‑28] Two theories exist as to the etiology 
of this condition:

One theory holds that the TRAP anomaly is caused by an 
abnormal twinning event.[26] Deep placental anastomoses 
in early embryogenesis cause malformation of the acardiac 
twin. The early pressure flow in one twin exceeds that of 
the other, leading to the reversal of flow in the umbilical 
artery of the co‑twin.[28,29]

The alternative hypothesis is that acardia is a primary 
defect in embryogenesis in one twin leading to failure 
of cardiac development. The normal twin then perfuses 

Table 3: Morphological classification of Acardiacus Twin
Acardius amorphous Acardius acormus Acardius acephalus Acardius anceps

Least differentiated form.
Bone, cartilage, muscles, 
fat, blood vessels and 
stroma on histology.
It is believed that some 
neonatal teratomas are 
remnants of acardiac 
amorphous type of 
malformation.

This type lacks a thorax.
Umbilical cord inserts in 
the head.
Rudiments of thoracic 
structures on histologic 
examination.

This type lacks a head, 
thorax and upper 
extremity.
May be additional 
malformations in some of 
the remaining organs.
Most common type 
described.

` This is the purest form.
This type has a head, thorax 
and abdominal organs, but lack 
even a rudimentary heart.
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the acardiac twin through artery‑artery anastomoses. The 
anastomoses are not responsible for the cardiac anomaly 
but are established as a result of it.[28,29]

The acardiac twin, otherwise destined to end in an early 
spontaneous abortion, continues to grow because of 
monochorionic vascular anastomoses to a normal co‑twin.
[26] The case reported belongs to acardius acormus partly 
because of cephalic attachment of umbilical cord and partly 
belongs to acardius amorphous due to nonseparation of 
the head and trunk. The fetal head is the only part which 
has 50% of development compared to other regions that 
may be due to abnormal insertion of the umbilical cord 
directly to the fetal head. The umbilical cord contains 
two blood vessels instead of normal three. About 1% of 
singleton and about 5% of multiple pregnancies have an 
umbilical cord which contains two blood vessels instead 
of normal three. In all these cases, one artery is missing. 
This type of vascular anomaly is considered as a remnant 
of the vitelline artery complex and appears as a unique 
anomaly almost always associated with sirenomelia.[30] 
Sirenomelia results from injury to the caudal mesoderm 
between 28 and 32 days of fetal development.[31] Studies 
suggested that the developmental arrest of the primitive 
streak initiates the formation of a second primitive streak, 
giving rise to a second normal embryo. This may account 
for the high incidence of sirenomelia in twins. There was a 
canal communicating the anterior cranial fossa to median 
anophthalmic orbit, indicating the presence of optic canal, 
but the corresponding parts of the eyes were not developed 
due to non development of diencephalon. It is very rare. 
When the head is fully developed in size, the brain is 
not developed proportionately, but paradoxically, when 
the lower limbs are not properly developed, the nerves to 
the lower limbs are well seen in proportionate thickness. 
It is strange that the spinal nerves (C5‑T1) forming the 
brachial plexus were emerging out of the vertebral column, 
but it did not form brachial plexus due to the absence of 
upper limbs. The cytogenetic studies proved that cyclopia 
is relatively common in trisomy 13 patients and has been 
reported in triploidy, trisomy 18 combined dup 1q32 →qter 
and del 7q34 →qter, dup 3p21 →3pter, del 18 P and ring 
18, and monosomy G.[1,25] Twinning may predispose the 
midline to further problems and could account for the 
anomalies. Twinning may be the cause of the association 
of multiple midline defects and sirenomelia.[32] The twins 
are in a sense, the ultimate midline anomaly: complete 
duplication![33] Anomalies observed in sirenomelia are 
described as the most severe form of caudal regression 
syndrome.[34] Fusion of the lower extremities, presence 
of single umbilical, and persistent vitelline artery are the 
major features of sirenomelia.[35] Studies proved the high 
incidence of acardiacus in monozygotic twinning. Early 
malformation in monozygotic twins is due to reversed or 
disrupted vascular shunts between monozygotic twins, 
vascular disruption or hypoperfusion, and defective inherent 

genes. Based on the theory of defective blastogenesis, an 
impaired blastogenesis, in which the lower body organs 
have inappropriate angiogenesis, leads to insufficient 
growth and incomplete development of the caudal region.
[36] Although genetic defects in humans are still unknown 
in the mermaid syndrome, two defects in the Cyp26a1 
and BMP7 genes in mice result in the birth of a mermaid 
neonate. The Cyp26a1 gene is responsible for coding the 
enzyme that breaks down retinoic acid (the metabolite 
of Vitamin A). Retinoic acid temporarily increases the 
vasculature in the caudal region of the embryo. Disruption 
of the Cyp26a1 gene and incomplete development of the 
caudal region of the embryo result in a mermaid syndrome 
in mice. Bone morphogenetic protein‑7 is an important 
protein that plays an important role in angiogenesis in vitro. 
Stimulating endothelial cells of the caudal region, vascular 
and tissue production leads to normal growth of the lower 
limbs in the fetus.[37‑39] Anomalies that are commonly seen 
with the mermaid syndrome include cleft palate pulmonary 
hypoplasia, cardiac defect omphalocele, pentalogy of 
Cantrell, and meningomyelocele.[39] The buds of the upper 
limbs can be identified 26 days after fertilization and reach 
a length of 20–22 mm around the 53rd day of pregnancy.
[40] The stimulus for bud formation is provided through 
secretion of a protein named SHH by the notochord.[41] The 
great majority of congenital deformities arise between the 
4th and 8th weeks of pregnancy. Agenesis of the upper limb 
and disruption or malformation of the primitive streak’s 
caudal vasculature could lead to malformation of structures 
derived from its mesoderm.[42] Mesodermal derivatives 
such as muscles and bones are fairly developed and 
differentiated. However, most of the endodermal derivatives 
were missing except a coil of the intestine. Although the 
surface ectoderm is moderately developed, the cranial 
end of neuroectoderm fails to develop and differentiate. 
The findings suggest that hypoxia‑ischemia due to TRAP 
may play an important role in the pathogenesis of all 
these malformations. Any mutation occurring in regulating 
genes or signaling molecules results in either agenesis or 
hypoplasia of the tissue. The etiology of this rare syndrome, 
a combination of anophthalmic cyclopia, with associated 
malformation‑acardiac twin, sirenomelia, is unknown. 
Most cases are sporadic.[43] Possible risk factors include: 
maternal diabetes, infections during pregnancy {TORCH 
‑Toxoplasmosis, Other Agents, Rubella, Cytomegalovirus, 
and Herpes Simplex}, drugs during pregnancy (alcohol, 
aspirin, lithium, anticonvulsants, hormones, retinoic acid, 
anticancer agents, and fertility  drugs), physical  agents like 
ultraviolet light, and chromosomal3 (mostly trisomy 13) 
and genetic causes like familial occurrences in twins and in 
consanguineous marriages have been documented[10‑16,43,44] 
The reported case comes under consanguineous marriages. 
We must deduce this rare, dramatic, bizarre malformation 
to be a random occurrence.
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Conclusion
It is a rare case of monozygotic twin fetus with multiple 
anomalies. In all the cases so far known in the past (after 
1535), wherever there is a reduction in size of the brain, 
there is an invariable reduction in size of the skull as seen 
in anencephaly or microcephaly. Here, in this case, the skull 
is of normal size for a full‑term fetus and the major parts 
of the brain are missing. It is important to recognize these 
syndromes clinically and to determine their relationship 
to various chromosomal abnormalities. The recognition of 
carrier states with the help of advanced imaging techniques 
and in utero cytogenetic studies of amniotic cells may spare 
the unfortunate parents of such monstrosities from similar 
traumatic experiences. One more aspect of unrevealed 
secrets of nature is unfolded in this work.
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Abstract
We present a rare case of bilateral persistent primitive olfactory artery incidentally detected on 
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literature.
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Introduction
Persistent primitive olfactory artery 
(PPOA) is an extremely rare anomaly 
of anterior cerebral artery (ACA), in 
which the anomalous artery courses 
anteroinferomedially along the ipsilateral 
olfactory tract and makes a hairpin to 
turn posterior to the olfactory bulb to 
continue as A2 segment of ACA.[1] The 
clinical significance of this anomaly is its 
association with cerebral aneurysm. It is 
also very important for the neurosurgeon 
to recognize this anomaly before 
performing the surgery at the anterior 
skull base to avoid any catastrophic 
complication.[2] We present a rare case of 
bilateral PPOA incidentally detected on 
computed tomography angiography (CTA) 
and digital subtraction angiography (DSA) 
in a patient with symptomatic left internal 
carotid artery (ICA) tight stenosis who was 
treated with left carotid stenting.

Case Report
A 53‑year‑old hypertensive female 
presented with a history of two episodes of 
transient right‑sided weakness for 1 month 
which recovered completely. Noncontrast 
computed tomography head was normal 
and CTA of brain and neck vessels 
showed >90% stenosis of left carotid bulb 
and an incidental anomalous course of 
bilateral ACAs [Figure 1a]. We performed 

magnetic resonance imaging (MRI) brain 
which showed small microvascular ischemic 
changes in brain parenchyma however no 
fresh infarct. We planned carotid stenting 
for her symptoms. Successful left carotid 
stenting was done and DSA (Axiom 
Artis Zee; Siemens, Erlangen, Germany) 
of cerebral vessels showed incidental 
anomalous anteroinferior course of bilateral 
ACA which then turns posteriorly and 
superiorly to continue as A2 segment of 
ACAs suggestive of PPOA [Figure 1b‑e]. 
Detailed review of angiography was done 
which showed no evidence of associated 
aneurysm in our case.

Discussion
At around 4–5.7 mm embryo length, 
cranial and caudal divisions of ICA are 
formed. Cranial division of the ICA is 
termed as PPOA. Anterior choroidal artery 
and middle cerebral artery branches off 
from the primitive olfactory artery (POA). 
As the embryo reaches 11.5–18 mm length, 
there are two branches from the POA, the 
original one is to the nasal fossa and other 
one represents the future continuation of 
the ACA. Later in the end of the stage, 
the opposite artery joins with its fellow 
by the plexiform anastomosis which then 
forms the future anterior communicating 
artery (ACoA). The original POA forms 
an anastomosis with the ACA and later 
POA regress in size and the two arteries, 
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medial striate and recurrent artery of Heubner are formed 
from the POA and ACA anastomosis. The recurrent 
artery of Heubner is not the remnant of the POA. PPOA 
results when ACA  arises from the distal portion of the 
POA and the proximal portion keeps its course along the 
olfactory bulb. Thus, the PPOA had typical morphology 
of hair pin loop as normal distal part of ACA is located 
posterosuperiorly.[1,3,4] There are three main types of 
PPOA [Figure 2]. Type 1 arises from the ICA and has 
a course along the olfactory tract and makes a hair pin 
turn to supply the distal ACA territory. It is usually 
associated with absence of ACoA. Type 2 arises from 
the ACA enters the nasal cavity through the cribriform 
plate as the ethmoidal artery. Type 3 is a type between 
variants 1 and 2 described by Horie et al.’s group.[5] 
This anomalous artery has two branches, anterior branch 
anastomosis with ethmoidal artery and superior branch 
forms callosomarginal branch of the ACA. Variation 
supplying the distal MCA territory has also been reported 
in literature.[2,4,6] In our case, it was type 1 PPOA which 
arises from the ICA and courses anteroinferiorly, makes 
a hairpin turn and then connects posterosuperiorly to 
the distal ACA. Type 1 PPOA has high incidence of 
aneurysm formation particularly at the hairpin bend 
region probably due to increased hemodynamic stress at 
this location which was not found in our index case.[4] 
Although, follow‑up imaging was advised in our patient 
to monitor for aneurysm formation. There are many 
reports of single cases or retrospective studies about the 
PPOA in the literature.[1,2,7‑10] However, there is a paucity 
of literature about the reports of bilateral PPOA which is 
extremely rare anomaly. Till date, there are five reported 
cases of bilateral PPOA in the literature. Takeshita 
et al.[8] Nozaki et al.[9] reported a case of bilateral PPOA 
on cerebral angiography. Retrospective study by Uchino 
et al.[7] described 1 case of bilateral PPOA on MRI and 
Kwon et al.[10] described three cases of bilateral PPOA 
on MRA and CTA in their retrospective study. Most of 
the cases of PPOA in the literature have been reported 
from Japan, Korea, and Serbia.[1,2,4‑10] To our knowledge, 

ours is the first case reported from India which was 
incidentally detected bilateral PPOA demonstrated on 
CTA and DSA.
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Figure 2: Drawing showing 3 types persistent primitive olfactory 
artery (orange colour). Type 1 makes hair pin loop (arrow) to supply the 
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artery  (b).  Type 3 has  two branches,  anterior branch anastomosis with 
ethmoidal artery and superior branch forms callosomarginal branch of the 
anterior cerebral artery (c)

cba



Mahajan, et al.: Bilateral persistent primitive olfactory artery

Journal of the Anatomical Society of India ¦ Volume 70 ¦ Issue 3 ¦ July-September 2021 185

and clinical significance. Surg Radiol Anat 2014;36:663‑7.
3. Okahara M, Kiyosue H, Mori H, Tanoue S, Sainou M, 

Nagatomi H. Anatomic variations of the cerebral arteries 
and their embryology: A pictorial review. Eur Radiol 
2002;12:2548‑61.

4. Sato Y, Kashimura H, Takeda M, Chida K, Kubo Y, 
Ogasawara K. Aneurysm of the A1 segment of the anterior 
cerebral artery associated with the persistent primitive olfactory 
artery. World Neurosurg 2015;84:9.e7‑9.

5. Horie N, Morikawa M, Fukuda S, Hayashi K, Suyama K, 
Nagata I. New variant of persistent primitive olfactory artery 
associated with a ruptured aneurysm. J Neurosurg 2012;117:26‑8.

6. Kim MS. Persistent primitive olfactory artery connected 
with middle cerebral artery: Case report. Surg Radiol Anat 

2013;35:849‑52.
7. Uchino A, Saito N, Kozawa E, Mizukoshi W, Inoue K. Persistent 

primitive olfactory artery: MR angiographic diagnosis. Surg 
Radiol Anat 2011;33:197‑201.

8. Takeshita G, Katada K, Koga S, Sano K, Jinno T. An anomalous 
course of proximal portion of the anterior cerebral artery. Jpn J 
Clin Radiol 1988;33:593‑6.

9. Nozaki K, Taki W, Kawakami O, Hashimoto N. Cerebral 
aneurysm associated with persistent primitive olfactory artery 
aneurysm. Acta Neurochir (Wien) 1998;140:397‑401.

10. Kwon BR, Yeo SH, Chang HW, Kim MJ, Kim E, Kim MK, 
et al. Magnetic resonance angiography and CT angiography of 
persistent primitive olfactory artery: Incidence and association 
rate with aneurysm in Korea. J Korean Soc Radiol 2012;66:493‑9.



186 © 2021 Journal of the Anatomical Society of India | Published by Wolters Kluwer - Medknow

A Woman with “Lobster‑Claw” Hands – Isolated Nonsyndromic 
Ectrodactyly of Both Hands

A 37‑year‑old unmarried woman came to the outpatient 
department for upper respiratory tract infection (URI). She 
had deformities of both hands only. On further inquiry, 
she revealed that she had this deformity since birth, but 
it did not interfere with her daily routine activities or 
household work. She was born of nonconsanguineous 
marriage and was the only child of her parents. She had 
studied till 7th standard, she was staying with her aged 
parents, and she was unmarried as none of the marriage 
proposals went through because of the social stigma 
attached to the deformity. None of her grandparents and 
relatives (both maternal and paternal) had any similar 
anomalies. On examination [Figure 1], she was found 
to have “claw‑” shaped hands with a “V‑” shaped cleft 
in the middle of both hands (giving a “lobster‑” like 
appearance), absence of middle finger in both hands, and 
an appearance suggestive of symbrachydactyly of ring 
finger–little finger and thumb–index finger in both hands. 
Both feet were normal, without any similar deformities. 
Systemic examination revealed no other deformities. 
She had scribbled circles on her hands using a ball pen 
while sitting in the waiting area before the consultation. 
Her mental status and intelligence appeared to be normal 
without any features of mental retardation. She was 
prescribed treatment for URI only as she was not willing 
for further investigations and workup. She was diagnosed 

to have isolated nonsyndromic ectrodactyly of both 
hands.

Split‑hand/split‑foot malformation/ectrodactyly is a 
congenital limb deformity in which the central rays of 
the autopod (distal parts of developing limbs, i.e. hands/
feet) are affected resulting in syndactyly, median clefts 
of the hands and feet, and aplasia/or hypoplasia of the 
phalanges, metacarpals, and metatarsals.[1,2] It is also 
called “lobster‑claw” deformity as there is median cleft 
in the hands and feet resulting from the absence of the 
central digital rays, resembling a lobster.[1,2] Ectrodactyly 
may be an isolated deformity or may be one of the 
features of a syndrome and could be either sporadic 
or familial.[2] It is a very rare and complex entity with 
varied clinical manifestations and irregular genetic 
transmission.[3] Our patient had isolated, sporadic, 
nonsyndromic ectrodactyly of both hands which is a very 
rare entity.
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Letter to Editor

Figure 1: “Claw‑” shaped hands with a “V‑” shaped cleft in the middle of 
both hands (giving a “lobster‑” like appearance)
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