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Neuroanatomical Basis of Dementia

Dementia is an umbrella term used for the loss of memory, 
thinking, and reasoning to such an extent that it interferes 
with a person’s daily life and activities.

The common symptoms of dementia include:
•	 Memory problem, particularly in remembering recent 

events
•	 Increasing confusion
•	 Reduced concentration
•	 Personality and behavior changes
•	 Apathy and withdrawal or depression
•	 Loss of ability to do everyday tasks
•	 Struggling to follow conversation or find right word.

A little knowledge of learning, memory, and associated 
parts of the brain is essential to understand dementia better.

Learning is an acquisition of new facts while memory is 
the storage and recall of these facts.

Types of Memory
The memory is of two types as under:[1]

a. Short‑term memory: Here, the information of new facts 
is stored only for a few seconds to a few minutes. It is 
readily available up to 30 s

b. Long‑term memory: It stores the memory for a longer 
period. Here, the information from short‑term memory 
is stored or consolidated in the brain. Thus, long‑term 
memory can hold an unlimited amount of memory and 
one can remember the events that have happened a long 
time ago.

The short‑term memory formed in the hippocampus 
and later gets stabilized in the long‑term memory in fast 
learning hippocampus and also slow in learning neocortex.

Loss of memory is called amnesia. One often confuses 
amnesia with dementia; hence, it is essential to know 
the difference between amnesia and dementia as given 
below.

The amnesia is simply a memory loss while dementia 
in addition to the memory loss (i.e. amnesia) has some 
other associated cognitive problems, namely thinking and 
reasoning, which effect a person’s ability to carry out the 
daily activities.

There are two types of amnesia:
a. Retrograde amnesia (RA), one cannot recall memories 

from his past, i.e., before the onset of amnesia. 
However, he can form new memories, i.e., he can 
remember new information

b. In anterograde amnesia (AA), one cannot form new 
memories. However, he/she can still remember events/
things of past before the onset of amnesia.

Regions of the Brain Involved in Amnesia
•	 Regions of the brain involved in RA are structures 

forming the hippocampal complex/formation consisting 
of amygdala, hippocampus, parahippocampus, 
entorhinal cortex, etc., present in the medical temporal 
lobe. Damage to the hippocampus only causes little or 
no effect on RA

•	 Regions of the brain involved in AA are the 
hippocampus, mamillary bodies, and fornix, but the 
hippocampus seems to play a key role in AA.

Etiology
Dementia is not a single disease but a disease complex 
caused by various diseases. Hence, its etiology varies 
according to the disease that causes it and classified 
accordingly.[2]

Classification
Dementia is classified into the following types:
•	 Alzheimer’s dementia (60%–80%)
•	 Vascular dementia (15%–20%)
•	 Dementia with Lewy bodies (10%–15%)
•	 Fronto – temporal dementia
•	 Mixed dementia
•	 Rare types of dementia.

• Hutington’s dementia
• Parkinson’s dementia
• Normal pressure hydrocephalus (NPH) etc.

Causes of Various Types of Dementia
Alzheimer’s dementia

It is the most common type and is responsible for 
60%–80% cases of dementia. The Alzheimer’s disease is 
a neurodegenerative disease caused by the deposition of 
ß‑Amyloid plaques in and around synapses and the deposition 
of neurofibrillary tangles made up of tau protein in the nerve 
cell bodies, especially in the region of the hippocampus.

Vascular dementia

It is the second most common cause and responsible for 
15%–20% of cases.

It is caused by the reduced blood supply to the brain 
leading to the damage and eventually to the death of brain 
cells due to lack of oxygen supply.

The reduced blood supply occurs due to:
•	 Narrowing and blockages of small blood vessels inside 

the brain
•	 A single big stroke which cuts off blood supply to the 

part of the brain
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•	 Lot of mini‑strokes, which cause tiny but widespread 
damage to the brain.

The areas commonly affected by vascular ischemia 
are arterial border zones, pyramidal cells in the 
hippocampus (CA1 area) etc.

Dementia with Lewy Bodies

It occurs due to buildup of proteins called Lewy bodies. 
The Lewy bodies are the tiny clumps of alpha‑synuclein 
and ubiquitin proteins present as inclusion bodies within 
the nerve cell bodies and killing them. The Lewy bodies 
are mainly seen in limbic system and cerebral cortex. 
These proteins are also associated with Parkison’s disease, 
in which DLB occurs very late.

Fronto‑temporal dementia

This occurs due to abnormal clumping of tau and TDP‑43 
proteins in the neurons of frontal and temporal lobes, which 
not only damage but eventually kills the nerve cells. This 
ultimately leads to brain shrinkage. The frontotemporal 
dementia is one of the most common dementias which 
strike young people.

Mixed dementia

In this, the person suffers from more than one type of 
dementias at a time. For example, vascular dementia and 
Alzheimer’s disease often occur together.

Rare types of dementia

These include a number of diseases, namely Hutington’s 
disease, Parkinson’s disease, NPH, etc. In these conditions, 
nerve cells across the brain break down over time. As a 
result, the person does not develop amnesia but cognitive 
decline.

Risk Factors
The risk factors responsible for dementia include:[3] Age 
(strongest risk factor as dementia mostly effects people of 
65 years and older), hypertension, depression, excessive 
smoking and alcohol intake, atherosclerosis, mild cognitive 
impairment, family history, diabetes, and high level of 
low‑density lipoprotein, etc.

Treatment
The various modes of treatment are as under[4]

•	 Medication ‑ by giving cognitive‑enhancing drugs, 
namely acetylcholinesterase inhibitors, etc.

•	 Rehabilitation ‑ by various therapies, namely cognitive 

therapy, physiotherapy, occupational therapy, and 
psychological therapies

•	 Life style changes ‑ such as increasing physical 
activities, eating a healthy diet, quitting cigarette 
smoking, and excessive drinking.
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Abstract
Background: The vertebral arteries originating from respective subclavian arteries are the major 
source of oxygenated blood to posterior cerebral circulation and supply the upper spinal cord, brain 
stem, cerebellum, and occipital lobes of the cerebrum. Paucity of radiological studies prompted us 
to undertake this study which aims to analyze the variations in origin of left vertebral artery (LVA). 
Materials and Methods: This is a retrospective cross‑sectional study of contrast‑enhanced computed 
tomography chest scans of 710 subjects retrieved from the archives of a single imaging center. 
Observations and Discussion: Normal origin of LVA from the left subclavian artery (LSA) in the 
root of the neck was noted in 90.56% and variant origin in 9.44% of cases. Four‑branched aortic 
arch (AA) with direct AA origin of LVA was observed in 6.76% of cases. An atypical three‑branched 
pattern with LVA origin between the bovine trunk (common trunk of brachiocephalic trunk [BCT] 
and left common carotid artery [LCCA]) and LSA was seen in 0.84% of cases. Common origin of 
both LVA and LSA from a vertebro‑subclavian trunk (VST) is found in 0.98% of cases. LVA as the 
last branch of arch distal to LSA and LVA of arch origin associated with aberrant right subclavian 
artery were noted in 0.14% of cases each. A rare but important observation is the presence of two 
common trunks (bovine trunk (BCT + LCCA) and VST (LVA + LSA) in an atypical two‑branched 
fashion found in 0.56%. Conclusion: Critical knowledge of variations of the origin of LVA is 
clinically relevant as such variations are more prone to vascular pathologies. Variations of the LVA 
are thought to alter cerebral hemodynamics and can produce cerebral dysfunction. Preprocedural 
knowledge of such variations aids in the successful accomplishment of catheterization of LVA and 
avoids complications during neuroradiological interventions and surgical procedures.

Keywords: Aberrant left vertebral artery, aortic arch origin, contrast‑enhanced computed 
tomography, vertebro‑subclavian trunk

Aberrant Origin of Left Vertebral Artery – Multidetector Computed 
Tomography Study

Vinay Sharma,  
C. S. Ramesh Babu, 
O. P. Gupta1

Department of Anatomy, 
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H o w  t o  c i t e  t h i s  a r t i c l e :  S h a r m a  V , 
Babu CS, Gupta OP. Aberrant origin of left vertebral 
artery – Multidetector computed tomography study. 
J Anat Soc India 2024;73:199-203.

Introduction
The vertebral arteries originating from 
respective subclavian arteries at the root 
of the neck supply 28% of oxygenated 
blood to cerebral circulation and supply the 
upper spinal cord, brain stem, cerebellum, 
and occipital lobes of the cerebrum.[1] 
Normally, the vertebral arteries arise from 
respective subclavian arteries at the root 
of the neck medial to scalenus anterior 
muscle. Variations in the origin of the 
vertebral arteries are common and left 
vertebral artery (LVA) variations are more 
frequent than right vertebral artery (RVA) 
and unilateral variants common than 
bilateral.[1] A recent meta‑analysis included 
31 studies and 12,456 left vertebral arteries 
and estimated a prevalence of subclavian 
origin as 94.1%. The same meta‑analysis 
also reported a prevalence of 4.81% for 

the aortic arch (AA) origin of LVA after 
studying 15,848 cases from 35 studies.[1]

Imaging studies analyzing the variations of 
AA branching patterns in Indian subjects are 
few. After examining the contrast‑enhanced 
computed tomography (CECT) chest scans 
of 1116 patients, Krishnan et al. reported 
that 78.6% of cases had normal branching 
pattern of AA and 5.4% of cases exhibited 
AA origin of LVA between left common 
carotid artery (LCCA) and left subclavian 
artery (LSA).[2] Another study of 4000 
CECT chest scans found the prevalence 
of variations of AA as 0.675% (only in 
27 cases out of 4000) and found only 1 case 
of “bovine origin of LVA from the arch.”[3] 
Variation in the origin and anomalous 
proximal course of LVA in the superior 
mediastinum is dangerous during surgery 
of the mediastinum and lower neck region. 
Moreover, it is suggested that the initial 
segment of the vertebral artery is more This is an open access journal, and articles are 
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prone to atherosclerotic changes, especially close to its 
origin.[4] Variations of the LVA are thought to alter cerebral 
hemodynamics and can produce cerebral dysfunction. 
Preprocedural knowledge of such variations aids in the 
successful accomplishment of catheterization of LVA and 
avoids complications during neuroradiological interventions 
and surgical procedures. Paucity of radiological studies on 
Indian subjects has prompted the present study to focus on 
the variations in the origin of LVA.

Materials and Methods
Retrospective cross‑sectional study of CECT chest scans 
of 710 subjects (male 435 and female 275) obtained from 
a single imaging center. All subjects were referred to 
undergo CECT chest for suspected mediastinal and lung 
pathologies. The images were retrieved from the archives 
of the imaging center. The imaging center routinely obtains 
informed consent from the patients before administration 
of the contrast medium. The scans of the patients with 
malignancies likely to distort the anatomy of AA, poorly 
enhanced scans, and those with thoracic aortic disease were 
excluded from the study.

All patients underwent contrast‑enhanced multi‑detector 
CT (MDCT) by a 64‑channel scanner (GE Optima 660, 
2011, Tokyo, Japan) and received 90–100 mL of nonionic 
iohexol contrast (Omnipaque 350 mg I/mL; GE Healthcare, 
Shanghai, China) at the rate of 5 mL/s intravenously. 
Sections of 0.625 mm thickness were obtained from the 
lower part of the neck to the upper part of the abdomen 
and analyzed in a separate workstation (GE: AW Volume 
share 4.5). After analyzing axial, coronal, and sagittal 
scans, volume‑rendered and maximum intensity projections 
were obtained. We specifically looked for variations in the 
origin of the LVA.

Observations

Typical three‑branched patterns of the AA with 
brachiocephalic trunk (BCT), LCCA, and left 
subclavian (LSA) arteries were seen in 72.95% of cases 
and variant branching pattern of the arch was noted in 
27.05% of cases. Normal origin of LVA from LSA in the 
root of the neck is noted in 90.56% (643/710) and variant 
origin in 9.44% (67/710) of cases. Four‑branched AA 
with direct AA origin of LVA between LCCA and LSA 
was observed in 6.76% [48/710; male/female = 33/15; 
Figure 1] and this pattern is the second most common 
variant branching pattern of the arch of aorta. An atypical 
three‑branched pattern with LVA origin between the 
“brachiocephalicocarotid trunk (the so‑called “bovine 
trunk,” the common trunk of BCT and LCCA) and 
LSA was seen in 0.84% of cases [6/710 cases; male/
female = 6/0; Figure 2]. Common origin of both LVA and 
LSA from a vertebro‑subclavian trunk (VST) is found in 
0.98% of cases [7/710; male/female = 6/1; Figure 3]. LVA 
as the last branch of arch distal to LSA [Figure 4] and LVA 

of arch origin associated with aberrant right subclavian 
artery (ARSA) with a branching sequence of RCCA, 
LCCA, LVA, LSA, and ARSA [Figure 5] were noted in 

Figure 1: Volume rendered image. Direct aortic arch origin of left vertebral 
artery between left common carotid artery and left subclavian artery seen 
in 48 cases (6.76%; male/female = 33/15)

Figure 2: Volume rendered image. Direct aortic arch origin between 
common trunk (“Bovine trunk” ‑ brachiocephalic trunk + left common 
carotid artery) and left subclavian artery seen in 6 cases (0.84%; male/
female = 6/0)

Figure 3: Vertebro‑subclavian trunk (VST) common trunk of left vertebral 
artery (LVA) and left subclavian artery (LSA) seen in 7 cases (0.98%; male/
female 6/1) (a) Volume rendered scan posterior view; (b) Coronal section
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0.14% of cases each (1/710 each; both cases males). A rare 
but important observation is the presence of two common 
trunks, brachiocephalicocarotid trunk (BCT + LCCA) 
and VST (LVA + LSA) in an atypical two‑branched 
fashion was found in 0.56% [4/710; male/female + 2/2; 
Figures 6 and 7]. Overall, variant origin of LVA was noted 
in 6.90% of cases in males (49/710) and 2.54% of cases in 
females (18/710).

Discussion
Development

The arch of the aorta and its branches are the derivatives 
of six pairs of pharyngeal arch arteries. Normally, the 
left third arch artery connected to the left horn of the 
aortic sac elongates to form LCCA and the left horn of 
the aortic sac itself will form that part of the arch of the 
aorta between the origins of BCT and LCCA. The right 
horn of the aortic sac will develop into BCT. The common 
trunk of origin of BCT and LCCA (the so‑called “bovine 
trunk”) may be due to the regression or slower growth rate 
of the left horn of the aortic sac such that the left third 
arch artery (LCCA) gets connected to the right horn of 
aortic sac (BCT). Normally, the first part of LVA develops 
from the dorsal branch of the left 7th intersegmental artery 
which itself forms the LSA and the second part develops 
from longitudinal postcostal anastomosis between 6th and 
1st intersegmental arteries. Proximal portions of the upper 
six intersegmental arteries arising from the dorsal aorta 
normally disappear [Figure 8]. Failure of the formation 
of the dorsal branch of the seventh and persistence of the 
proximal portion of the sixth intersegmental artery results 
in AA origin of LVA between the origins of LCCA and 
LSA.[5] Incorporation of the proximal left 7th intersegmental 
artery into the developing arch of the aorta could also result 
in LVA originating directly from the AA.[6] The origin of 
LVA distal to LSA as the last branch of the arch is due to 
the persistence of 8th intersegmental artery. It is suggested 
that the persistence of the sixth intersegmental artery and 
absorption of a portion of the left fourth arch artery into 
the developing LSA could result in the origin of LVA from 
the root of LSA, the so‑called VST.[6]

Branching pattern variations of AA attracted little attention 
in radiological literature because many of these variants are 
isolated and remain asymptomatic. Increased application of 
several surgical and endovascular interventional procedures 
has revived interest in the study of variations of the AA 
branching pattern. Normal three‑branched AA with the 
sequence of BCT, LCCA, and LSA is reported to occur 
in 64.9%–94.3% of the population by some systematic 
reviews.[7‑9] The most common variation reported is 
two‑branched pattern with a “brachiocephalico‑carotid 
trunk” (common trunk of BCT and LCCA, the so‑called 
“bovine trunk” a misnomer) and LSA with a prevalence 
of 2.6%–27.4%[10‑12] The recent meta‑analysis reported 
a prevalence of 11.95%.[7] The second most common 

Figure 4: Volume rendered image. Direct aortic arch origin of left 
vertebral artery distal to left subclavian artery as last branch seen in 
1 case (0.14%‑male/female = 1/0)

Figure 6: Volume rendered image. Two common trunks. Vertebro‑subclavian 
trunk gives off left vertebral artery and left subclavian artery. Common 
trunk (“Bovine trunk”) gives off left common carotid artery and 
brachiocephalic trunk seen in 4 cases (0.56%; male/female = 2/2)

Figure 5: Axial scan showing 5 branches from arch in order from right to 
left – 1‑RCCA; 2‑Left common carotid artery; 3‑Left vertebral artery; 4‑Left 
subclavian artery and 5‑ aberrant right subclavian artery (ARSA). Note the 
retroesophageal course of ARSA seen in 1 case (0.14%)
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variation observed is the direct AA origin of LVA between 
the origins of LCCA and LSA with a prevalence of 6.76% 
in the present study, 3.66% by Tsiouris et al.,[7] 2.9% by 
Popieluszko et al.,[8] 5.4% by Krishnan et al.[2] and 4.1% 
by Uchino et al.[13] AA origin of LVA along with “bovine 
trunk” (BCT + LCCA trunk) was noted in 0.84% of cases 
in the present study and 0.31% by Tsiouris et al.,[7] 0.4% 
by Popieluszko et al.[8]

Yuan collected data on the aberrant origin of vertebral 
arteries from 214 articles with 1286 cases (955 patients and 
331 cadavers) and found single aberrant origin of LVA in 
1056 out of 1233 cases.[5] It was also observed that there 
were more left than right and more unilateral than bilateral 
aberrant vertebral arteries. Analyzing MDCT images of 830 
Indian patients, Sankhe et al.[14] observed LVA of AA origin 
in 26 patients (3.1%). They also observed a five‑branched 
arch in 1 case (0.12%) with a sequence of RCCA, LCCA, 

LVA, LSA, and aberrant RSA as the last branch similar to 
our observation in 1 case (0.14%). Choi et al.[15] studied CT 
angiographic images of 3460 patients and noted AA origin 
of LVA between LCCA and LSA in 151 patients (4.36%) 
and LVA origin distal to LSA as the last branch in 
2 cases (0.06%).

The common trunk of origin of LVA and LSA referred 
as VST has been reported sporadically in cadaveric 
case reports without any other associated branching 
variation.[6,16,17] The LVA may arise from the root of LSA 
immediately above the arch or arise as a branch of LSA 
in the superior mediastinum few mm above the arch with 
a short course along the left border of the esophagus. The 
VST was found in 0.98% of cases in the present study, 
0.027% by Tsiouris et al.,[7] and 1.6% of cases by Uchino 
et al.[13] Occurrence of two common trunks from the arch, 
“bovine trunk” (common trunk of BCT + LCCA) and 
VST (common trunk of LVA + LSA) was very rare and 
reported earlier in two cadaveric case reports.[18,19] Recently 
another cadaveric case report presented two common 
trunks as the bulbous origin from the AA.[20] Anomaly of 
two common trunks was reported in 0.005% of cases in the 
recent meta‑analysis.[7] In the present study, we observed 
two common trunks in 0.56% of cases.

Clinical significance

Of the two vertebral arteries, the LVA appears dominant in 
nearly half of the cases and is catheterized for investigating 
the posterior cerebral circulation. In the presence of 
aberrant LVA of AA or VST origin, the transfemoral route 
for catheterization is easier technically in comparison to 
the transradial route. It was noted that LVA of AA origin 
entered the transverse foramen of either C4 or C5 vertebrae 
resulting in a longer course through mediastinum and 
neck.[13] Such a long course in front of the lower cervical 
vertebrae makes it susceptible to damage in surgical 
procedures involving the vertebrae. In contrast to RVA or 
LVA of subclavian origin, the LVA of arch origin exhibited 

Figure 8: Development of left vertebral artery (a) Shows normal development of left vertebral artery (LVA) from left subclavian (LSA). Series of intersegmental 
arteries (I–VII) arise from dorsal aorta and are interconnected by a vertical postcostal anastomosis. Third (3) and fourth (4) pharyngeal arch arteries are 
connected to dorsal aorta. Left fourth arch artery and left dorsal aorta distal to VII intersegmental artery develop into arch of aorta; left VII intersegmental 
artery form left subclavian. Normal VA (both RVA and LVA) develops from dorsal branch of VII intersegmental (a) And vertical postcostal anastomosis 
between VII and I intersegmental arteries (b) Roots of origin of I to VI intersegmental arteries disappear. Other parts which disappear during fetal life are 
indicated by dotted lines (b) If root of left VI intersegmental artery persists and dorsal branch of VII does not develop then LVA will arise from aortic arch 
between the origins of left common carotid (3 – third pharyngeal arch) and left subclavian (left VII intersegmental artery) (c) Aortic arch origin of LVA distal 
to origin of LSA will develop due to persistence of VIII intersegmental artery. ICA: Internal carotid artery, ECA: External carotid artery

cba

Figure 7: (a‑d) Serial axial scans in a caudal to cranial direction showing two 
common trunks (a and b) 1‑Brachiocephalicocarotid trunk (“bovine trunk”) 
and 2‑Vertebrosubclavian trunk (c) 3‑Brachiocephalic trunk; 4‑Left common 
carotid artery; 5‑Left subclavian artery giving off left vertebral artery (d) 
4‑Left common carotid artery; 5‑Left subclavian artery; 6‑Right common 
carotid artery; and 7‑Right subclavian artery. LVA: Left vertebral artery

dc

ba
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a higher incidence of arterial dissection.[21] Although the 
exact reason for arterial dissection of aberrant LVA remains 
to be elucidated, the longer extracranial course makes 
it vulnerable to shear stress due to high pressure which 
might cause dissection. The presence of two common 
trunks, though very rare, has to be kept in mind because 
any pathology affecting these vessels leads to severe 
cerebrovascular stroke.

Conclusion
Our observations on the aberrant origin of LVA are based 
on the examination of chest scans only which limits our 
observation to mediastinum. Very careful examination 
is essential to delineate the VST because in some cases, 
the common trunk may show a bulbous appearance 
giving an impression of arch origin of LVA. Variation 
in the origin and anomalous proximal course of LVA in 
the superior mediastinum is dangerous during surgery 
of the mediastinum and lower neck region. Moreover, 
it is suggested that LVA is more prone to atherosclerotic 
changes, especially close to its origin. Variations of the 
LVA are thought to alter cerebral hemodynamics and can 
produce cerebral dysfunction. Preprocedural knowledge of 
such variations aids in the successful accomplishment of 
catheterization of LVA and avoids complications during 
neuroradiological interventions and surgical procedures.
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Abstract
Introduction: Physiological and psychological response of an organism to repetitive stimulus 
leads to chronic stress which results in depression. This affects the neuro‑endocrine axis causing 
hypersecretion of glucocorticoids which damages the hippocampal neurons in brain through oxidative 
stress. The body responds by producing Catalase (CAT) an antioxidant found on peroxisomes, which 
splits the hydrogen peroxide produced by oxidative stress into water and oxygen which are nontoxic, 
thus offering a protective effect. The synaptic function of the hippocampal neurons is dependent 
on acetylcholinesterase (AChE) and oxidative stress affects the levels of AChE. The available 
anti‑depressants have the late onset of action and increased toxicity. Centella asiatica (CA), an herb 
with neuroprotective properties, is known as neuro‑tonic and has less toxicity and has been used in 
ancient traditional medicines. This study aims to examine the neuroprotective effects of crude extract 
of CA on hippocampal neurons using Nissls stain and levels of AChE and expression of mRNA 
CAT in the brain tissues of chronic unpredictable mild stress (CUMS)‑induced male Wistar rats. 
Materials and Methods: Thirty‑six Male Wistar rats aged 8–10 weeks were held in six groups. One 
group assigned as control, whereas the other groups were administered CUMS by various stressors, 
namely restrain, forced swimming in cold water, overnight food and water deprivation, wet bedding, 
cage tilt at 45°, tail pinching, overcrowding the cages, and change of cage mates randomly for a 
period of 64 days. One of the stress‑induced groups was retained as model group and others were 
administered crude extracts of CA at the doses of 200, 400, 800, and fluoxetine (Flx) 10 mg/kg 
body weight. At the end of 64 days, the rats were euthanized and the brain tissue was collected for 
Nissls staining of the hippocampus, measure levels of AChE using ELISA and expression of mRNA 
CAT levels using RT‑PCR. Results: The rats of the model group exhibited reduced number of 
viable neurons in the hippocampus as observed in Nissls stain, reduced levels of AChE, and reduced 
expression of mRNA CAT in the brain tissue while the rat groups receiving CA showed increase in 
the number of viable neurons, increase in level of AChE, and increase in the expression of mRNA 
CAT in the brain tissues. The results were comparable to that of Flx. Conclusion: CA effectively 
attenuates CUMS‑induced neuronal loss in the hippocampus of the rat’s brain, normalizes AChE 
levels, and also the expression of mRNA CAT antioxidant levels. CA could be used in the long‑term 
prevention of chronic stress‑induced depression.

Keywords: Catalase, Centella asiatica, chronic stress, fluoxetine, hippocampus, neuronal damage
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Introduction
Depression is a pervasive disorder in 
humans that is linked to experiencing 
stressful life events. The American 
Psychiatric Association defines it as a 
condition marked by feelings of sadness, 
emptiness, or irritability, as well as physical 
and cognitive changes that greatly hinder 
a person’s ability to function normally.[1] 
Depression is a prominent contributor to 
disability, impacting almost 280 million 
individuals globally.[2] This condition 
leads to significant emotional distress, 
substantial financial detriment, and notable 

societal strain. Stress is a phenomenon in 
which stressors, including physical and 
psychological demands on an individual, 
hinder the individual or organism’s ability 
to cope with subsequent challenges 
effectively.[3] The numerous stressors can 
be categorized into three types: (a) acute 
and chronic, (b) significant and small, 
and (c) desirable and undesired. These 
categories help to highlight the varied 
components of stress in life. Chronic stress 
is characterized by the ongoing presence 
of stressors or the repeated occurrence 
of a stressful event.[4] Chronic stress is a 
significant factor in causing depression. 
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Researchers can subject the rats to chronic unpredictable 
mild stress (CUMS) to produce the animal models of 
depression.[5] Research conducted on both people and 
rodents has shown that the hippocampus has a role in the 
development and progression of depression. Given the 
hippocampus’s role in learning and memory, impairments 
in these cognitive functions are a significant characteristic 
of depression.[6] Depression leads to hippocampal 
atrophy and a decrease in volume, as evidenced by 
experiments conducted on rat models of depression. These 
experiments have shown that depression causes neuron 
loss, neurogenesis inhibition, and retraction of dendritic 
processes in the hippocampus. Conversely, successful 
treatment of depression in rat models has been found to 
promote the growth of new neurons in the hippocampus, a 
process known as neurogenesis.[7,8] The degree of reduction 
in hippocampus volume is correlated with the early onset 
and duration of depression. Similar alterations have been 
reported in rats exposed to chronic stress, with more 
pronounced changes occurring in the dentate gyrus.[9]

In response to oxidative stress, the body produces 
enzymatic and nonenzymatic antioxidants to mitigate its 
effects. Superoxide dismutase, an antioxidant, transforms 
superoxide anions into hydrogen peroxide, thereby 
decreasing the interaction between the superoxide anion 
and nitric oxide, resulting in the formation of reactive 
peroxynitrite. Catalase (CAT) is an antioxidant enzyme 
present in the peroxisomes, and it acts by catalyzing the 
process of decomposing hydrogen peroxide into nontoxic 
molecules such as water and oxygen.[10] With its high 
oxygen demand and lipid‑rich composition, the brain is 
exposed to significant reactive oxygen species (ROS) 
levels. The rise in ROS and the decrease in antioxidant 
levels seen in chronic stress render the brain extremely 
vulnerable to the effects of oxidative stress.[11]

Acetylcholinesterase (AChE) is an enzyme belonging 
to the serine hydrolase family and is highly involved in 
transmitting signals throughout the nervous system. It 
breaks down acetylcholine (ACh), a necessary cholinergic 
neurotransmitter involved in memory.[12] Prolonged stress 
causes changes in the levels of the AChE enzyme. This 
was shown in research conducted on Wistar rats housed 
in nonstimulating situations.[13] Centella asiatica (CA) 
belongs to the Apiaceae family in the plant kingdom and 
has been traditionally utilized in the Ayurvedic system of 
medicine for its therapeutic properties in treating a wide 
range of diseases and enhancing memory.[14] This plant 
has been widely utilized in traditional herbal treatment in 
Malaysia and Ayurveda in India and other regions of Asia. 
CA, sometimes called pegaga in Malaysia and gotu kola 
or pennywort in the Americas, is commonly consumed 
as a food and a beverage.[15] Ayurveda has used this herb 
to treat several chronic ailments, such as anxiety.[5] The 
extracts derived from pulverized leaves and roots of the 
CA plant are utilized to manage cognitive impairment, 

dyspepsia, rheumatism, and leprosy. In China, the CA plant 
treats scabies, measles, urinary complications, tuberculosis, 
jaundice, emesis, and dysentery.[15]

Although modern drugs have made a substantial impact 
on improving the quality of life for those with depression, 
they still have certain limits. Frequently, the reaction to the 
treatment is not entirely foreseeable, and occasionally, the 
reaction is only partial. Most medications require many 
weeks of use for their therapeutic benefits to become 
apparent.[16] The issues with current pharmaceutical agents 
are exacerbated by several drug interactions and the lack of 
clarity regarding their safety during pregnancy.[4] Therefore, 
there exists a diverse range of drugs, all of which lack both 
effectiveness and safety.

Materials and Methods
Plant extract preparation and chemicals

The CA extract, obtained using ethanol as a solvent, is 
procured from the Universiti Teknologi Mara in Malaysia. 
The reference number for this is AuRins‑MIA‑1‑0. Using the 
ethanolic method, the CA extract was derived from the whole 
plant through dehydration and subsequent extraction into a 
brown powder.[17] Fluoxetine (Flx) was acquired from Cadila 
Pharmaceuticals Ltd, located in Bhat, Ahmedabad, India. The 
AChE ELISA kit was obtained from Elabscience USA.

Apparatus

The experimental apparatuses utilized in the study, 
consisting of an open field box, an elevated plus maze, a 
T‑maze, and a transparent cylinder, were constructed at the 
Workshop in the Department of Human Anatomy, Faculty 
of Medicine and Health Sciences (FMHS), Universiti Putra 
Malaysia (UPM).

Animals

Thirty‑six male albino Wistar rats, 8–10 weeks old and 
weighing 180 and 220 g, were acquired from Bistari 
Sdn Bhd, Selangor, Malaysia. They were housed at 
Animal House in the FMHS at UPM in a controlled 
laboratory environment, including a 12‑h cycle of 
light and darkness. The lights were illuminated from 
0700 to 19.00 h while maintaining a consistent 
temperature of 25°C ± 2°C. The rats were able to 
access food and water freely without any restrictions. 
The animals were acclimatized for 1 week. The 
Institutional Animal Care and Use Committee (IACUC) 
at UPM approved the number of rats utilized and 
the study procedures. The project was assigned the 
identification code UPM/IACUC/AUP‑R078/2018.

Chronic unpredictable mild stress procedure

CUMS was administered to the experimental animals 
for 8 weeks through the application of psychosocial 
and environmental stressors, as reported in a previous 
study.[18] The rats that were not exposed to CUMS 
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were kept in their home cages except for routine 
handling and cleaning. The rats exposed to CUMS were 
exposed to nine different types of mild stressors (S), 
administering a minimum of two stressors per day for a 
continuous period of 8 weeks. The study involved several 
experimental conditions: S1: food deprivation for 24 h, 
S2: water deprivation for 24, S3: swimming in cold 
water (temperature of 5°C) for 5 min, S4: change of cage 
mates for 12 h, S5: 1 min of tail pinch maintained (pinch 
applied at 1 cm from the tip of the tail), S6: Keep cage 
tilted at an angle of 45° for 12 h of, S7: Overcrowding 
for 12 h, S8: Keep the bedding wet for 12 h, and S9: 
apply physical restraint for 4 h. The stressors were 
applied randomly during the 1st week, and the same 
schedule was maintained during the entire experimental 
period, with no stressor administered in succession to 
prevent adaptation [Table 1].

Design of the experiment

After acclimatization, the rats were assigned randomly 
to six groups, each with six rats (n = 6). Group 1 rats 
were not subjected to stress and were given normal saline 
and assigned as control. Group 2 rats were administered 
only CUMS and were given normal saline assigned 
as a model. Group 3 rats were subjected to CUMS 
and Flx (10 mg/kg orally). Groups 4, 5, and 6 were 
administered CUMS and different doses of CA (200 mg/
kg, 400 mg/kg, and 800 mg/kg orally), respectively. 
The dosages were determined using the data from prior 
research.[19,20] Flx and CA were administered daily, 
30 min before the start of CUMS administration, for 
8 weeks, commencing from day 0 of the trial. Behavioral 
assessments were performed at midday, beginning in the 
9th week of the investigation. The rats were sacrificed 
at the end of the experiments, and tissue samples were 
collected [Figure 1].

Sample collection and preparation

Following euthanization, the rat brains were promptly 
extracted and then preserved in 10% formalin for 7 days. 
Subsequently, the specimens underwent mechanized tissue 
processing and were incorporated into paraffin blocks. The 
brain tissues were stored at −80°C to facilitate biochemical 
analysis.

Nissl’s staining

The tissue paraffin blocks were used to obtain the 
coronal sections with a microtome of 5–6 µm thickness. 
The portions were immersed in a water bath at 38°C to 
facilitate straightening and transferred onto individual 
glass slides. The brain tissue sections on the glass slides 
were subjected to deparaffinization at a temperature of 
70°C for 1 h in an oven. Following paraffin removal, 
the slides were immersed in xylene for 5 min and 
subsequently underwent rehydration in a series of 
graded alcohol solutions, starting with 95% alcohol 
for 3 min, followed by 70% alcohol. The slides were 
immersed in distilled water for an additional 3 min. 
The tissues were stored with 0.1% cresyl violet acetate 
stain for 10 min in an oven at a temperature of 70°C. 
The slides were extracted and cleansed in distilled water 
for 3 min, followed by dehydration in ascending alcohol 
concentrations (70%, 95%, and 100%) for 3 min at each 
level. Subsequently, the slides were immersed in xylene 
for 5 min, affixed using mounting material known as 
dibutyl phthalate xylene, and shielded with a cover slip. 
The viability of cells in the tissue slides was assessed 
using the method outlined by Adele. Brain samples 
were obtained from three rats in each group. Five slices 
of the hippocampus were produced from each rat brain 
sample. Scoring was conducted on five sites within each 
of the hippocampal regions of cornu Ammonis 1 (CA1), 

Table 1: Chronic unpredictable mild stress procedure[18]

Stages of stress Type of stress Description of the type of stress
S1 Food deprivation The rats were subjected to 24 h food deprivation. Food was provided 

following the end of the deprivation period
S2 Water deprivation The rats were subjected to 24 h water deprivation. Water was provided 

immediately following the end of the deprivation period
S3 Swimming in cold water The rats were made to swim for 5 min in cylinders filled with cold 

water (4±1°C). At the end of this immediately after their swimming, the 
rats were removed, dried with a towel, and returned to their home cages

S4 Change of cage mates The cage mates of the rats were changed for 12 h, after which the rats 
were returned immediately to their respective home cages

S5 Tail pinch The tails of the rats were clamped at 1 cm from the tips of the tails for 
1 min

S6 Cage tilt The rat cages were kept tilted at 45° for 12 h
S7 Overcrowding of cage 6 rats were packed in a cage for a period of 12 h
S8 Wet bedding 200 mL of water was added to the beddings in the cages where the rats, 

where they retained for 12 h
S9 Physical restrain The rats were individually restrained in plastic restrainers (5.5 cm 

diameter and 12 cm long) with proper ventilation for 4 h



Figure 1: Experimental design
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cornu Ammonis 2 (CA2), and cornu Ammonis 3 (CA3). 
The Olympus microscope, specifically the Olympus 
BX51TRF‑CCD model, examined the tissue slices at a 
magnification ×400.[21]

The Enzyme‑linked immunosorbent test

The AChE activity of the rat brain homogenates 
was assessed using the quantitative sandwich ELISA 
technique, following the instructions provided by the 
manufacturer (Elabscience USA). Subsequently, a 
Versamax microplate reader was used to determine the 
optical density of the samples, applying a wavelength of 
450 ± 2 nm. The values obtained, which were directly 
proportionate to AChE quantities, were determined using 
the standard calibration curves.

Studies on the expression of genes

The RNA was extracted from the rats’ brains using the 
Qiagen RNeasy mini kit, following the manufacturer’s 
instructions manual. The RNA samples were assessed 
for purity using a Nanodrop spectrophotometer, and their 
integrity, as indicated by the 28S/18S ribosomal RNA ratio, 
was verified using agarose gel electrophoresis. The entire 
RNA sample (100 µg) was subjected to reverse transcription 
using a qPCRBIO cDNA synthesis kit according to the 
manufacturer’s instructions manual.

The primers for the genes of interest (GOI) for CAT were 
generated by IDNA, along with one reference gene (RG), 
while glyceraldehydes‑3‑phosphate dehydrogenase was 
utilized to standardize the threshold cycle (CT) values 
for GOI. The real‑time PCR was conducted using the 
Eppendorf Mastercycler ep realplex 4S instrument and 
the 2x qPCRBIO SyGreen Blue Mix Seoarate‑Rox master 
mix. The amplification technique employed entailed heat 
activation at a temperature of 95°C for 2 min, succeeded 
by 40 cycles consisting of a denaturation phase for 15 s at 
95°C, followed by an annealing phase for 30 s at 59°C, and 
finally an extension phase for 30 s at 72°C. The fluorescence 
signals were measured at a temperature of 59°C.

The Livak technique was employed to compute the 
fold change of gene expression based on the CT values 
acquired.[22] The mean CT values of each gene of 
interest (CT AVG GOI) were standardized using the 
mean CT values for the reference genes (∆CT = CT AVG 
GOI‑CT AVG RG). The ∆∆CT (∆CT TREATMENT‑∆CT 

CONTROL) was computed, and each gene’s relative 
change in expression level across the different rat groups 
was represented as 2‑(∆∆CT). After amplification, the 
specificity of the primers was determined using a melting 
curve study.

Quantitative analysis of data using statistical methods

The analysis of the data acquired was done using the 
one‑way ANOVA with the GraphPad Prism version 6 
software (ISI, USA). Tukey’s post hoc comparison was 
employed, with the value of P < 0.05, to determine the 
statistical significance. The results were reported as the mean 
value plus or minus the standard deviation (mean ± SD).

Results
Centella asiatica protected the hippocampus Cornu 
Ammonis 1 pyramidal neurons from neurodegeneration 
in chronic unpredictable mild stress‑induced rats’ brains

The neuroprotective effects of CA on the CA1 area of 
the hippocampus in rats were evaluated by CV staining. 
Noticeable disparities in the quantity of functional neurons 
were noted in the hippocampus among the rats. The statistical 
analysis yielded a test statistic of F (5,444) =62.59, with a 
P = 0.0001. The hippocampus of rats that were administered 
with CUMS exhibited a significantly lower number of viable 
neurons (11.25 ± 1.875, P = 0.0001) compared to the control 
group of rats (15.47 ± 2.591). The quantity of functional 
neurons was significantly greater in rats induced with CUMS 
and treated with Flx (14.04 ± 1.202, P = 0.0001), CA 
400 (14.95 ± 2.277, P = 0.0001), and CA 800 (14.93 ± 2.559, 
P = 0.0001), compared to the CUMS‑induced model 
group (11.25 ± 1.875). There were no notable differences in 
the number of functional neurons among the control, Flx, CA 
400, and CA 800 groups of rats [Figure 2].

Centella asiatica protected the hippocampus Cornu 
Ammonis 2 pyramidal neurons from neurodegeneration 
in chronic unpredictable mild stress‑induced rats’ brains

The neuroprotective effects of CA on the neurons in 
the CA2 area of the rats’ hippocampus were assessed 
using CV stain. There were notable variations in the 
number of functional neurons in the CA2 area of the 
hippocampus across different groups of rats (F [5,444] = 
52.77, P = 0.0001). The hippocampus of rats induced with 
CUMS exhibited a significantly lower number of viable 
neurons (11.40 ± 1.959, P = 0.0001) compared to the 
control group of rats (15.44 ± 2.688). The rats that were 
treated with CUMS and also given Flx (15.17 ± 2.286, 
P = 0.0001), CA 400 (14.87 ± 2.418, P = 0.0001), or CA 
800 (15.00 ± 2.515, P = 0.0001) showed a significantly 
higher number of viable neurons compared to the rats that 
were only induced with CUMS (15.44 ± 2.688). There were 
no notable disparities in the number of functional neurons 
observed across the control, Flx, CA 400, and CA 800 groups 
of rats [Figure 3].
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Figure 2: Neuro‑protective effects of Centella asiatica (CA) on the hippocampal neurons of the CA1 region, as observed by cresyl violet stain of 
the chronic unpredictable mild stress (CUMS)‑induced rats. Images of the cresyl violet staining of the hippocampus showing changes in number 
of viable cells (shown with green arrow) and degenerated cells (shown with red arrow) after CUMS induction and those co‑administered with 
fluoxetine (Flx) and CA. (a) Hippocampal regions marked, (b) Control group, (c) CUMS‑induced group, showing less viable cells (red arrow) (d) Flx 
group, shows more viable cells (green arrow) (e) CA 200 group shows less number of viable cells and (f and g) CA 400 and 800 groups of rats show 
more number of viable cells (green arrow). Data presented as mean ± SD, n = 6. *P < 0.05 versus control, #P < 0.05 versus CUMS, @P < 0.05 versus 
Flx, $P < 0.05 versus 200
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Centella asiatica protected the hippocampus and Cornu 
Ammonis 3 pyramidal neurons from neurodegeneration 
in chronic unpredictable mild stress induced rats’ brains

The neuroprotective effects of CA on the neurons of the 
CA3 area in the rat’s hippocampus were assessed using 
CV stain. A notable disparity was noted in the number of 
functional neurons in the CA3 area of the hippocampus 
across the different rats (F [5,444] = 93.98, P = 0.0001). 
The CUMS‑induced model group of rats had a markedly 
reduced number of viable neurons (14.64 ± 2.769, 
P = 0.0001) compared to the control group (20.27 ± 3.202). 
A considerably higher number of viable neurons were found 
in the rats induced with CUMS and administered with 
Flx (19.81 ± 2.793, P = 0.0001), CA 400 (19.80 ± 1.366, 
P = 0.0001), and CA 800 (19.84 ± 1.452, P = 0.0001), 
compared to the CUMS‑only model group (14.64 ± 2.769). 

There were no significant changes in the number of 
functional neurons among the control, Flx, CA 400, and 
CA 800 groups of rats [Figure 4].

The impact of Centella asiatica on the concentrations of 
acetylcholinesterase in rat brain tissues

The levels of AChE in the rats’ brains were measured 
to determine the protective effects of CA on the 
cholinergic dysfunction caused by CUMS. The results 
of the one‑way ANOVA showed statistically significant 
variations in the levels of AChE (F [5, 12] = 9.498, 
P = 0.0007) across the different groups of rats. Tukey’s 
post hoc test comparison showed that AChE levels in 
the CUMS‑induced rats (2.426 ± 0.46, P = 0.0013) were 
significantly higher than in the control group (1.27 ± 0.14). 
Significant reductions in AChE levels were statistically 
detected in rats induced with CUMS when supplied with 
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Figure 3: Neuro‑protective effects of Centella asiatica (CA) on the CA2 region of the hippocampal neurons, observed by cresyl violet stain, on the 
chronic unpredictable mild stress (CUMS)‑induced rats. Images of the cresyl violet staining of the hippocampus showing changes in number of viable 
cells (shown with green arrow) and degenerated cells (shown with red arrow) after CUMS induction and those co‑administered with fluoxetine (Flx) 
and CA. (a) Hippocampal regions marked, (b) Control group, (c) CUMS‑induced group, showing less viable cells (red arrow) (d) Flx group, showed 
more viable cells (green arrow) (e) CA 200 group shows less number of viable cells and (f and g) CA 400 and 800 groups of rats show a greater 
number of viable cells (green arrow) Data presented as mean ± SD, n = 6. *P < 0.05 versus control, #P < 0.05 versus CUMS, @P < 0.05 versus Flx, 
$P < 0.05 versus 200
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Flx (1.353 ± 0.233, P = 0.0024), CA 400 (1.503 ± 0.01, 
P = 0.0078), and CA 800 (1.38 ± 0.233, P = 0.0030), in 
comparison to rats exposed to CUMS alone (2.426 ± 0.46). 
No notable variations in the AChE levels were reported 
across the rats treated with Flx and CA (400 and 
800) [Figure 5].

The impact of Centella asiatica on the catalase mRNA 
levels in brain tissues of chronic unpredictable mild 
stress‑induced rats

The expression of CAT mRNA was done to determine 
the neuroprotective effects of CA in rats induced with 
CUMS. The findings revealed notable disparities among 
the groups of rats. The statistical analysis yielded a result 
of F (5, 12) = 25.50, with a P = 0.0001. The amount 

of CAT mRNA in the model group was significantly 
reduced (fold change of 0.42 ± 0.10, P = 0.0001) 
compared to the control group (fold change of 1 ± 0). 
However, in groups of rats induced with CUMS and 
administered Flx, CA 200, CA 400, or CA 800, there was 
a significant increase in CAT mRNA levels compared 
to the model group. The fold change for CAT mRNA 
levels was as follows: Flx (1.01 ± 0.05, P = 0.0001), 
CA 200 (0.61 ± 0.10, P = 0.0001), CA 400 (1.11 ± 0.16, 
P = 0.0001), and CA 800 (1.10 ± 0.10, P = 0.0001). 
The CAT mRNA levels for rats given CUMS alone were 
0.42 ± 0.10. There were no noticeable variations in the 
levels of CAT mRNA between the Flx and CA (400 and 
800) groups of rats, indicating no substantial increase or 
decrease in fold change [Figure 6].
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Figure 4: Neuroprotective effects of Centella asiatica (CA) on the neurons of the CA3 region of the hippocampus, as observed by cresyl violet stain, on 
the chronic unpredictable mild stress (CUMS)‑induced rats. Images of the cresyl violet staining of the hippocampus showing changes in the number of 
viable cells (shown with green arrow) and degenerated cells (shown with red arrow) after CUMS induction and those co‑administered with fluoxetine (Flx) 
and CA. (a) Hippocampal regions marked, (b) Control group, (c) CUMS‑induced group, showing less viable cells (red arrow) (d) Flx group, showed more 
viable cells (green arrow) (e) CA 200 group shows less number of viable cells and (f and g) CA 400 and 800 groups of rats show more number of viable 
cells (green arrow). Data presented as mean ± SD, n = 6. *P < 0.05 versus control, #P < 0.05 versus CUMS, @P < 0.05 versus Flx, $P < 0.05 versus 200
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Discussion
The brain’s hippocampus is a component of the limbic 
system associated with cognitive function and memory. The 
hippocampus also functions as a regulator of depressive 
mood, processing information, and can cause behavioral 
changes in depression.[23] Reduced hippocampus sizes have 
been seen in humans through postmortem examinations and 
MRI investigations conducted on individuals with severe 
depression (MD).[24] Studies have reported changes in the 

hippocampus brain in stress‑induced depression models of 
rats, which include shrunken dendrites in CA3 and dentate 
gyrus neurons and loss of spines in CA1 neurons.[25] Multiple 
studies have reported observing hippocampal shrinkage 
in various animal models of depression.[26] The results of 
the present study also revealed structural alterations in the 
hippocampus of rats caused by CUMS, including reduced 
number of viable neurons in the pyramidal cell layers. 
The administration of Flx or CA at 400 and 800 mg/



Figure 5: Effect of Centella asiatica on acetylcholinesterase levels in the 
rat’s brains. Values are presented as mean ± SD, n = 6. #P < 0.05 versus 
control group, *P < 0.05 versus chronic unpredictable mild stress group

Figure 6: Effect of Centella asiatica on the levels of Catalase mRNA in 
rat’s brain. Values are presented as mean ± SD, n = 6. @P < 0.05 versus 
control group, *P < 0.05 versus control group, #P < 0.05 versus chronic 
unpredictable mild stress group
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kg doses prevented the above‑mentioned alterations. The 
neuroprotective effects of CA in this study were similar 
to those of Flx. Significantly, according to the existing 
literature, this study is the initial documentation of the 
neuroprotective effects of CA in the rat model of depression 
generated by CUMS. Prior research has documented the 
neuroprotective properties of CA in mice subjected to 
paracetamol toxicity, rats exposed to D‑gal/AlCl3 toxicity, 
and rats with cerebral ischemia perfusion injury.[27‑29]

AChE is an essential enzyme that plays a critical role 
in cholinergic transmission. Its primary function is to 
break down the neurotransmitter acetylcholine into 
acetate and choline. This process has a direct impact 
on memory. This phenomenon has been proven in 
Wistar rats exposed to long‑term noise‑induced stress.[30] 
Previous studies have documented similar findings in 
rats exposed to long‑term stress, showing an elevation 
in AChE levels and impairments in memory.[31,32] The 
current investigation revealed that the model group 
of rats which were exposed only to CUMS had an 
increase in the levels of AChE in the hippocampus in 
comparison to the control group of rats. The elevation 
of AChE levels is believed to have a direct and causal 
impact on the development of memory impairments. 
The rat groups that received Flx and CA 400 and 
800 also showed reduced AChE levels and enhanced 
memory performance. Therefore, it can be inferred that 
CA mitigates the alterations in AChE levels caused 
by CUMS, thereby improving memory performance. 
The CA at 400 and 800 mg/kg dosages exhibit 
nondose‑dependent behavior, as they yield comparable 
benefits in reducing oxidative‑antioxidative alterations 
and AChE levels. On the other hand, the effect of CA 
varies depending on the dosage. There is a noticeable 
distinction between CA at 200 mg/kg group and groups 
receiving CA at 400 and 800 mg/kg.

CAT plays a crucial role as an antioxidant in detoxifying 
hydrogen peroxide (H2O2).[33] The presence of oxidative 
stress in Wistar rats reduced the activity of CAT in the 
brain, leading to oxidative damage.[34] RT‑PCR analysis 
revealed a notable decrease in mRNA expression of CAT 
in rats exposed to oxidative stress.[35] Rats exposed to 
long‑term, unpredictable stress experienced a noteworthy 
reduction in their hippocampus’s CAT levels.[36] Comparable 
findings were documented in Wistar rats exposed to stress 
by prolonged immobilization. The findings of the current 
investigation align with prior observations.

The current investigation confirms a decrease in mRNA CAT 
levels in the hippocampus of rats with depression produced 
by CUMS, compared to a control group of rats. The rats 
induced with CUMS and treated with Flx and CA at doses 
of 400 and 800 mg/kg, respectively, exhibited an elevation 
in mRNA CAT levels. There were no notable variations in 
mRNA CAT levels between the groups administered Flx 
and CA (400 and 800 mg/kg), respectively. The findings 
of this study showed that CA effectively protected against 
oxidative stress‑related harm by elevating the levels of CAT 
in the brains of rat models induced with CUMS.

Conclusion
When an organism responds both physically and 
psychologically when exposed to chronic stress, resulting in 
depression. The changes in the body include alterations in 
the oxidative stress pathway; this affects its delicate balance 
by lowering the levels of CAT, which is an antioxidant, and 
AChE, which is essential for normal synaptic function, 
thus leading to the loss of hippocampal neurons. The CA, 
an herb with neuroprotective properties, has been shown 
to normalize the levels of CAT and AChE and protect the 
neurons in CUMS‑induced rats with depression hence can 
be concluded that CA has the potential to treat depression.
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Abstract
Background: Gestational diabetes mellitus (GDM) is one of the most common pregnancy 
complications that can affect the organ systems of the body in both the mother and fetus. This study 
aimed to determine the impact of mild GDM on maternal and fetal liver histopathological alterations. 
Materials and Methods: In this experimental study, 20 pregnant Wistar rats were randomly allocated 
in control and diabetic groups. Mild hyperglycemia was induced by intraperitoneal injection of 
streptozotocin (40 mg/kg body weight) on the 5th day of gestation. The control group received an equal 
volume of citrate buffer. The diabetic state was confirmed by a blood glucose level of 120–300 mg/dL. 
Maternal and fetal liver samples were obtained on day 19 of gestation and stained with hematoxylin and 
eosin for histopathological investigation. Results: Liver sections of diabetic dams exhibited edematous 
hepatocytes and scattered pyknotic and necrotic cells with dilated sinusoids and congested central veins. 
The portal tracts showed the proliferation of bile ducts with mild chronic inflammatory cells infiltrating 
together with fibrosis beyond the limited plate which extends to the central vein (porto‑central fibrosis). 
Liver sections of their fetuses revealed edematous hepatocytes with increased necrotic cells, with 
pyknotic nuclei, dilatation of the hepatic sinusoids, and their central veins. There was also a relative 
increase in megakaryocytes, which promoted fibrosis and distorted vascular beds of the hepatic tissue. 
The portal tracts also showed bile duct proliferation. Conclusion: This study highlighted the adverse 
effects of uncontrolled mild GDM on liver structure in rat dams and their fetuses.

Keywords: Fetus, gestational diabetes mellitus, histopathology, liver, rat
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Introduction
Diabetes mellitus (DM) is one of the top 
10 causes of death in the world.[1] Type 1, 
type 2, and gestational DM (GDM) are 
three main types of DM.[2]

GDM, one of the most common 
metabolic disorders in pregnancy, affects 
approximately one in six pregnancies.[3] It is 
associated with different adverse pregnancy 
outcomes, including an increased risk of 
fetal macrosomia, neonatal hypoglycemia, 
and large for gestational age,[4,5] as well as 
maternal hypertension, preeclampsia, and 
cesarean delivery.[4,6‑8]

High blood glucose levels can harm the 
developing organs of the fetus, causing 
serious birth defects. Wu et al. evaluated the 
relationships of prepregnancy DM and GDM 
with 12 subtypes of congenital malformations 
of the newborn among 29,211,974 live births 
in the United States. Prepregnancy DM and, 
to a lesser extent, GDM were associated with 

several subtypes of congenital malformations 
of the newborn.[9]

The liver, which plays a central and crucial 
role in maintaining glucose homeostasis, is 
one of the organs that is severely damaged 
in DM.[10‑13]

Although numerous studies have shown the 
effects of type 1 and type 2 DM on liver 
morphology, architecture, and function, 
limited data are available on the effects of 
mild GDM on the liver.

In the present study, the hepatic effects of 
mild GDM in vivo were investigated using 
streptozotocin (STZ)‑induced diabetic 
rats as an experimental model. This 
experimental study was designed to assess 
the effect of mild GDM on maternal and 
fetal liver histopathological alterations.

Materials and Methods
This experimental study was conducted in 
the Faculty of Medicine, Golestan University 
of Medical Sciences, Gorgan, Iran. Ethical 
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approval was obtained from the Ethics Committee of 
Golestan University of Medical Sciences, Gorgan, Iran 
(ethical code: IR.GOUMS.AEC.1401.007). The experimental 
procedures were performed according to the Guide for the 
Care and Use of Laboratory Animals.

Animals

Adult Wistar rats were used for experimentation. Animals 
were maintained under controlled conditions of temperature 
and humidity, in a 12:12 h light/dark cycle, with free access 
to water and standard chow.

Drug

Dry STZ (Sigma, USA) powder was dissolved in citrate 
buffer (pH 4.5) immediately before use.

Experimental design

Females were paired with male rats overnight. The next 
morning, mating was confirmed by the presence of sperm 
in the vaginal smear (gestational day 0 [GD0]). The 
pregnant rats were randomly allocated into two control and 
diabetic groups (n = 10).

Induction of diabetes

Mild hyperglycemia in pregnant rats was induced by a 
single intraperitoneal injection of freshly prepared STZ 
solution (40 mg/kg body weight [b.w.]) on the 5th day of 
gestation.[14,15] Control pregnant rats received an equivalent 
volume of citrate buffer.

Blood glucose measurements

Fasting blood glucose was measured before and 72 h after 
injection.

The diabetic state was confirmed by a blood glucose 
level of 120–300 mg/dL[16] through the tail vein 
using a glucometer (Accu‑Chek® Active Glucometer, 
Roche Diagnostics, Germany). Normal blood glucose 
level (<120 mg/dL) was also checked in the control group.

Histopathological evaluation

On gestation day 19, six pregnant rats of both control and 
diabetic groups were anesthetized by an intraperitoneal 
injection of a mixture of ketamine (90 mg/kg b.w.) and 
xylazine (10 mg/kg b.w.). Liver tissues of both maternal and 
fetal rats were removed and subjected to histopathological 
examination. The specimens were immediately fixed in 10% 
neutral‑buffered formalin, dehydrated in a graded ethanol 
series, cleared in xylene, embedded in paraffin, sectioned 
at 4–5 µm thickness, and finally stained with hematoxylin 
and eosin. Sections were studied at the microscopic 
level (OLYMPUS BX51 microscope), and an OLYMPUS 
DP12 camera was applied to take digital photos.

Results
•	 Histopathological studies
•	 Light microscopy.

Maternal liver tissue

The normal histological architecture of the liver was 
observed in the dams of the control group.

The hexagonal lobules of hepatocytes were arranged 
as cords of cells connecting the portal tracts in the 
periphery to central veins and intermingled by normal 
sinusoids [Figure 1].

In contrast, the liver of diabetic dams revealed edematous 
hepatocytes and scattered pyknotic and necrotic cells 
with dilated sinusoids and congested central veins. The 
portal tracts showed the proliferation of bile ducts with 
mild chronic inflammatory cells infiltrate along with 
fibrosis beyond the limited plate, extending to the central 
vein (porto‑central fibrosis) [Figure 2].

Fetal liver tissue

The fetal liver consisted of hepatocytes and hematopoietic 
cells. Fetal hepatocytes and their nuclei were large. 
Normal cords of hepatocytes were separated by primitive 
vascular sinusoids containing islets of erythrocytes 
and hematopoietic cells, including erythroid pools, 
megakaryocytes, and myeloid series [Figure 3].

Fetal liver sections in the GDM group compared to controls 
exhibited edematous hepatocytes with moderately increased 
necrotic cells with pyknotic nuclei, dilated sinusoids, 
and central veins. There was also a relative increase in 
megakaryocytes, which induced fibrosis and distorted vascular 
beds of the hepatic tissue (hemangioma like). The portal 
tracts also showed a proliferation of bile ducts [Figure 4].

Discussion
Evidence from clinical and animal studies shows that DM 
in pregnancy negatively affects maternal and fetal health. 
In the present study, the hepatic effects of mild GDM 

Figure 1: Photomicrograph of hepatic tissue from control dams showing 
normal histological structure. Hepatocyte, central vein, and blood sinusoid 
(H and E, ×20, scale bar = 100 µm). H: Hepatocyte, S: Blood sinusoid, CV: 
Central vein
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in vivo were evaluated using STZ‑induced diabetic rats as 
an experimental model. This study highlighted numerous 
mild‑to‑moderate histopathological alterations in the liver 
of rat dams and their fetuses at day 19 of pregnancy 
following uncontrolled mild GDM.

In line with our findings, previous experimental studies 
have also shown histological changes in the liver of 
diabetic rats, their fetuses, and offspring.

Histological changes in the form of an increase in the 
number of degenerated cells and a significant expansion of 
the sinusoidal area in the liver of GDM rats (STZ‑induced 
DM in pregnant rats, 40 mg/kg b.w., single intraperitoneal 
injection) were found in the study of Mahata et al.[17]

In examining the effect of maternal DM on fetal liver 
tissue, the results of the study by El‑Sayyad et al.,[18] in 
which DM was induced with two successive intraperitoneal 
injections of STZ (60 mg/kg b.w.) at days 5 and 6 of 
gestation and pregnant rats with blood glucose levels 
above 350 mg/dL were included in the diabetic group, 
indicated microvesicular and macrovesicular steatosis, 
moderate fibrotic change, and hepatic necrosis associated 
with leukocyte infiltration in the liver of mother rats in 
the diabetic group. Furthermore, edematous blood vessels, 
increased average of damaged hepatocytes with pyknotic 
nuclei, and distortion of the hepatic vascular beds were 
observed in the fetal liver of diabetic mothers.

In another study, the liver of fetuses of diabetic 
rats (STZ‑induced DM before pregnancy, 35 mg/kg b.w., single 
intraperitoneal injection) on GD20 indicated a loss of cellular 
boundaries of hepatocytes with dispersed nuclei, hemorrhage 
with hemosiderin pigments deposition, dilated and congested 
central veins and sinusoids, vacuolar degenerations, areas of 
necrosis, abundant lymphocytes, and megakaryocytosis.[19]

In addition, a study by Ahmed et al.[20] indicated that 
maternal DM during pregnancy has also detrimental effects 
on histological architecture and integrity of the liver in rat 
offspring. Compared with the normal control group, the 
liver of offspring of diabetic dams at birth demonstrated 
abnormal histological architecture. Hepatic strands were 
less organized, and many hepatocytes had pyknotic nuclei. 
At the end of the 1st postnatal week, severe widening of the 
central vein, albuminous material accumulation with focal 
necrotic areas, and degenerated hepatocytes associated 
with abnormal distribution of condensed cytoplasm and 
karyoplasms were reported, whereas at the end of the 
2nd postnatal week, the central vein was congested with 
blood, and the hepatocytes hydropically degenerated, and 
their nuclei became pyknotic.

Figure 3: Photomicrograph of the fetal liver section in the control group. 
Hepatocyte, central vein, blood sinusoid, and hematopoietic cells (H and 
E, ×100, scale bar = 20 µm). H: Hepatocyte, S: Blood sinusoid, CV: Central 
vein, HC: Hematopoietic cells

Figure 2: Photomicrographs of hepatic tissue from diabetic dams (H and E). (a) Bile duct proliferation (black arrow) (×10, scale bar = 200 µm, box: ×20), 
(b) Inflammatory cells (black arrow) (×20, scale bar = 100 µm), (c) Pyknotic nuclei (black arrow) (×40, scale bar = 50 µm)

cba

Figure 4: Photomicrographs of fetal liver sections in the diabetic group. 
(a) Bile duct proliferation (black arrow), (b) Edematous liver tissue (black 
arrow), (c) Megakaryocytes (black arrow) and pyknotic nuclei (red arrow), 
(d) Vascular bed tissue proliferation (distorted) (black arrow). (H and E, 
a,b,c: ×40, scale bar = 50 µm and d: ×20, scale bar = 100 µm)

dc

ba
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In animal models of GDM, hyperglycemia conditions can 
cause liver injury, which leads to hyperinsulinemia and 
insulin resistance. Hyperglycemia induces an inflammatory 
state and oxidative stress, consequently exacerbating the 
liver injury process by triggering the NF‑B activation, 
which will stimulate the proapoptotic genes activity 
in liver cells and enhance the reactive oxygen species 
production.[17,21] Increasing glucose transport from pregnant 
women with DM to the fetus leads to fetal hyperglycemia 
and hyperinsulinemia. The fetal liver is directly affected 
by the fetal glucose levels through excess deposition of 
glycogen under the action of fetal insulin.[22‑24]

Conclusion
Numerous mild‑to‑moderate histopathological alterations 
were detected in the liver of rat dams and their fetuses 
following uncontrolled mild GDM.
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Abstract
Introduction: Type 2 diabetes mellitus is characterized by chronically elevated blood sugar levels 
associated with disruption of the inflammatory and oxidative state and dyslipidemia. Curcumin 
is a highly pleiotropic molecule with hypoglycemic, hypolipidemic, anti‑inflammatory, and 
antioxidant properties. The aim of this study was to evaluate the effects of curcumin on the liver of 
streptozotocin‑induced diabetic rats. Materials and Methods: Thirty‑two adult male rats were used 
in the study. The rats were divided into four groups: Control (C), Diabetes (D), Curcumin (CUR), 
and Diabetes + Curcumin (D + CUR) (n = 8). The groups given curcumin were given 60 mg/kg 
curcumin by gavage once a day during the 14‑day study period. At the end of the experiment, 
biochemical, stereological, histological, and immunohistochemical analyses were performed on 
blood and liver samples taken from rats sacrificed. Results: After curcumin treatment in diabetic 
rats, there was a significant decrease in blood glucose levels, hepatic markers, and levels of 
thiobarbituric acid reactive substances (P < 0.01). Furthermore, a significant increase in enzymatic 
antioxidants such as superoxide dismutase, catalase, and glutathione peroxidase was observed after 
treatment (P < 0.01). It was determined that curcumin decreased the apoptotic index and the number 
of dual‑nucleated hepatocytes in the liver, and provided support for liver regeneration (P < 0.01). 
Discussion and Conclusion: Based on the findings of this study, it can be concluded that curcumin 
has the potential to protect against hyperglycemia‑induced oxidative stress and apoptosis in liver 
cells, and also induces regeneration in damaged liver.

Keywords: Apoptosis, curcumin, diabetes, liver, oxidative stress
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Introduction
Diabetes mellitus (DM) is one of the 
most important chronic noncommunicable 
diseases in the world and the prevalence 
of DM is constantly increasing with the 
continuous increase in the number of 
patients.[1] Basically, it is a metabolic disease 
characterized by hyperglycemia resulting 
from defects in insulin secretion, insulin 
action, or both.[2] Hyperglycemia promotes 
oxidative stress, inflammation, and apoptosis 
in tissues.[3,4] Glucose autoxidation and 
protein glycosylation[5] are responsible for 
the production of free radicals[6] that promote 
inflammation and apoptosis in tissues.[7] 
Both experimental and clinical studies have 
shown that oxidative stress plays an 
important role in the pathophysiology of 
diabetes.[8] Reactive oxygen species (ROS) 
are produced disproportionately by various 
means in diabetes.[9] Changes in oxidative 
stress biomarkers such as glutathione (GSH), 

superoxide dismutase (SOD), catalase 
(CAT), GSH reductase, and glutathione 
peroxidase (GPx) can be evaluated as a 
quantitative measure of oxidative damage in 
diabetes.

The liver is the largest and most complex 
internal organ in the body. It is involved 
in many vital functions such as converting 
toxic substances into useful molecules, 
secretion, storage and metabolism.[10,11] 

Diabetes has proven to be the most common 
cause of liver damage, so the prevalence 
of liver disease in diabetic patients is 
high.[12] Oxidative stress and inflammation 
are diabetes complication parameters that 
cause hepatic damage.[13]

A definite solution has not yet been found 
in the treatment of both diabetes and its 
complications, and studies for the discovery 
of new active substances for treatment are 
still continuing intensively. Today, the main 
clinical treatment of diabetes is insulin 
given to patients to keep blood sugar under 
control. In addition, the use of antioxidants This is an open access journal, and articles are 
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is widely discussed in the literature to prevent secondary 
complications that may occur due to oxidative stress caused 
by diabetes, and the use of different antioxidant substances 
is recommended.[14]

Curcumin is the active ingredient in the dietary spice 
turmeric (Curcuma longa), which is used as a traditional 
herbal medicine and is the subject of clinical trials for 
various diseases such as cancer, diabetes, Alzheimer’s 
disease, and ulcerative colitis.[15] Curcumin is a well‑known 
antioxidant[16] and a highly pleiotropic molecule reported 
to have a wide variety of pharmacological activities 
such as antibacterial,[17] anti‑inflammatory, anticancer, 
antioxidant,[18] hypoglycemic,[17] antiatherosclerotic, 
antimicrobial,[19] and wound healing.[20,21] In addition, 
curcumin has been found to interact directly with various 
intracellular signaling molecules.[22] Its healing effects 
have been shown to be mediated through the modulation 
of multiple cell signaling molecules such as apoptotic 
proteins, cyclooxygenase‑2, nuclear factor‑B,[13] STAT3, 
IKK, interleukin [IL]‑1, IL endothelin‑1, C‑reactive 
protein,[23] pro‑inflammatory cytokines (tumor necrosis 
factor,[24] malondialdehyde, GSH,[25] and total cholesterol.[26] 
Most importantly, it has been reported that curcumin has 
the capacity to scavenge ROS directly.[22]

As a result of our extensive literature search, we saw 
that most of the studies focused on the beneficial 
effects of curcumin on the biochemical parameters of 
diabetic rats.[22,27,28] We did not find a study in which 
biochemical data were supported by histopathological and 
stereological data. Accordingly, in this study, we aimed 
to investigate how oxidative stress caused by diabetes in 
the liver of rats with DM by streptozotocin (STZ) would 
be affected by curcumin, a powerful antioxidant, using 
biochemical, histochemical, immunohistochemical, and 
stereological analyses.

Materials and Methods
Animals

This study was carried out with the permission of 
Ondokuz Mayıs University Animal Experiments Local 
Ethics Committee. In the study, 32 adult male Wistar 
albino species (290–330 g) rats raised in Ondokuz Mayıs 
University Faculty of Medicine Experimental Animals 
Research and Application Center were used. The rats 
were housed in a constant temperature (24°C ± 1°C), 
humidity (50% ± 5%), and 12‑h dark/light environment 
with three rats per cage throughout the study. Tap water 
and standard laboratory food were available as ad libitum.

Experimental plan

Rats were randomly divided into four groups 
(n = 8); Control (C), Diabetic (D), Diabetic + 
Curcumin (D + CUR), and Curcumin (CUR). Rats to 
be treated with curcumin were given 60 mg/kg/day 

curcumin (Sigma Aldrich, Australia) orally once a day for 
the 14‑day study. No treatment was applied to the control 
groups. At the end of the 14‑day experiment, liver tissues 
were removed by intracardiac perfusion under ketamine 
anesthesia in all rats. The removed livers were taken 
into 10% formaldehyde for fixation for histopathological 
examination. A portion of the liver was frozen (−80) for 
biochemical analysis.

Induction of diabetes in rats

To induce diabetes, a single dose of 50 mg/kg STZ (BioShop 
STR 201.1) was administered intraperitoneally to rats in 
groups D and D + CUR.[29] Three days later, animals with 
fasting blood glucose levels of 250 mg/dL and above in 
the blood samples taken from the tail vein of these rats 
as measured by a glucometer (Contour TS Bayer) were 
included in the study.[30]

Measurement of body weight

Body weights of all animals in the study were measured 
on the 1st day of the study and on the last day of the study 
before being sacrificed.

Biochemical analysis

At the end of experimentation, whole blood was collected 
from anesthetized rats through heart puncture. Blood 
samples were centrifuged at 3000 g, for 15 min at 4°C for 
the separation of serum.

Assay of hepatic marker enzymes

The estimation of aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), and alkaline phosphatase (ALP) 
in serum was estimated using diagnostic kits (Span 
Diagnostics Ltd, Surat, Gujarat, India).

Estimation of lipid peroxidation and antioxidants

The liver was harvested from all experimental rats, and 
washed with ice‑cold saline. The liver was harvested from 
all experimental rats, and washed with ice‑cold saline. The 
harvested liver was used for histopathology and estimation 
of lipid peroxidation and antioxidant status. The level of 
thiobarbituric acid reactive substance (TBARS), and the 
activity of SOD, CAT, and GPx enzymes in the liver were 
measured.[31‑34]

Histopathological analysis

Liver tissues were fixed with 10% formaldehyde. 
After fixation, the tissues were followed by routine 
histological tissue follow‑up procedures and embedded 
in paraffin. Sections of 5 µm thickness were taken from 
the tissue blocks and stained with hematoxylin and 
eosin (H and E) and Periodic Acid–Schiff (PAS) stains 
for examination under the light microscope. While 
hydropic degeneration, mononuclear cell infiltration, 
sinusoidal expansion, necrotic cells, and fibrosis 
were evaluated in tissues stained with H and E stain, 
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glycogen content of tissues stained with PAS stain was 
evaluated. Histopathological evaluations were made 
with semiquantitative analysis and photomicrographs 
were taken using Leica DM4000 B and visualization 
software.

Stereological analysis

In the study, optical dissector (unbiased counting frame) 
and fractionator methods were used for numerical density 
estimates of binuclear hepatocytes in liver tissue [Figure 1]. 
Counting of hepatocytes was done at ×40 and numerical 
density was estimated using the following formula:[35]

Numerical density (binuclear hepatocytes) = Total markers/
dissector volüme (µm3) × the number of sampling sites.

Immunohistochemical analysis

Terminal Deoxynucleotidyl Transferase dUTP nick end 
labeling (TUNEL) assay

The sections were stained in accordance with the 
recommended standard procedure using the In Situ Cell 
Death Detection, POD (Roche, Manheim, Germany) 
apoptosis kit. The 4 µm thick sections were placed on 
adhesive slides. They were dried in an incubator at 370C 
for one night. They were deparaffinized in Xylol and 
dehydrated in serial alcohols. To eliminate the masking 
effect of formalin on tissue, the sections were boiled in a 
citrate buffer solution in a microwave oven at 300 W for 
5 min. After washing, they were left in 3% H2O2 prepared 
in methanol for 10 min to eliminate endogenous peroxidase 
activity. After the sections were left in a mixture of terminal 
deoxynucleotidyl transferase enzyme and marking solution 
at 37℃ for 1 h, they were held in a protein blocking 
serum for 10 min to prevent their nonspecific antigenic 
binding. They were incubated with peroxidase‑conjugated 
antifluorescein isothiocyanate antibody at 37℃ for 30 
min. The sections were washed twice with phosphate‑
buffered saline for 5 min after all procedures except for 
the incubation with protein blocking serum. A 3‑amino‑9‑
ethylcarbazole (AEC; Zymed RED substrate kit, Paisley, 
OR, USA) chromogen was used to stain the sections. The 
staining was performed under a microscope for 10 min. The 
sections stained with AEC substrate and contrast stained 
with hematoxylin and sealed using a water‑based adhesive 
(Shandon Immu‑mount, Thermo Scientific™‑ 9990402, 
Schwerte, Germany).

Apoptotic index measuring

In the tissue sections stained by the TUNEL method, the 
determination of apoptotic activity was performed under a 
light microscope (Nikon Eclipse E600W with Nikon DS‑
5M camera attachment, Tokyo, Japan). In 10 different areas, 
randomly selected in each section, red‑brownstained nuclei 
were considered positive, and bluestained nuclei were 
considered negative, regardless of the staining intensity 
of the cells. At least 100 (positive and negative) nuclei 

were counted in each area. Then, the apoptotic index was 
calculated using the following formula:

Immunohistochemical stain for Ki67

Liver regeneration analysis was performed against 
Ki67 antigens by immunohistochemical staining using 
monoclonal primary anti‑Ki67 antibodies (1: 100; Abcam, 
ab15580). Immunohistochemical analysis was performed 
using the Ventana BENCHMARK GX automated 
immunohistochemistry staining device. Regardless of 
the staining intensity of the cells, nuclei staining brown–
black was considered positive and scoring was done in 10 
randomly selected areas in each section (scoring; ‑: none, 
+: mild, ++: moderate, +++: severe, ++++: very severe).

Statistical analysis

Numerical data obtained from all groups in our study were 
statistically evaluated using the SPSS program (SPSS 
version 21.0; SPSS Inc., Chicago, IL, USA). The data used 
were expressed as mean ± standard deviation. As a result of the 
normality and homogeneity tests of the data of the groups, the 
differences between the groups with normal distribution were 
evaluated with one‑way ANOVA and Bonferroni tests, while 
the groups without normal distribution were examined with 
the Kruskal–Wallis and Tamhane’s T2 tests. In the statistical 
evaluation, P < 0.01 was considered statistically significant.

Results
Body weights and blood glucose values

As a result of the statistical analysis, glucose values of 
diabetic rats increased significantly compared to the control 
group (P < 0.01), while glucose values of diabetic rats 
treated with curcumin were higher than the control group 
and significantly lower than the diabetes group (P < 0.01). 
There was no significant difference in rats in the control 
and curcumin groups (P > 0.01) [Table 1].

When the weighing results before sacrification were 
compared on the last day of the study, there was no 
significant change in body weights of rats in the control 
and curcumin groups, while there was a significant decrease 
in body weights of diabetic rats (P < 0.01). Diabetic rats 
treated with curcumin did not decrease as much as in 
diabetic rats (P < 0.01) [Table 1].

Biochemical results
Hepatic markers

The hepatic markers AST, ALT, and ALP levels in the 
serum of rats in the control and experimental groups are 
shown in Table 2. In diabetic rats, AST, ALT, and ALP 
levels significantly increased (P < 0.01) compared to 
rats in the control group. Curcumin‑treated groups had a 
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significantly lower level of hepatic markers compared to 
diabetic control rats. There was no significant difference 
in the levels of these hepatic markers between rats given 
curcumin alone and control rats (P > 0.01).

Lipid peroxidation

TBARS levels in the liver of rats in the control and 
experimental groups are shown in Table 2. Diabetic 
rats were found to have significantly higher TBARS 
levels (P < 0.01) when compared to control rats. Diabetic 
rats treated with curcumin were found to significantly 
inhibit high TBARS levels of curcumin when compared to 
diabetic rats (P < 0.01).

Antioxidant enzymes

In the statistical comparison of the activities of antioxidant 
enzymes such as SOD, CAT, and GPx between the 
groups [Table 2], it was determined that these enzyme 
activities were significantly decreased in diabetic rats 
compared to control rats (P < 0.01). Diabetic rats treated 
with curcumin showed a significant increase in SOD, 
CAT, and GPx activity in liver tissue compared to control 
rats (P < 0.01).

Histopathological results

No histopathological changes were observed in the liver 
tissue of the control group rats. In the center of the 
hepatic lobule, radially arranged hepatocytes separated 
from each other by the central vein and sinusoids were 
normal [Figure 2a]. When the PAS staining of the control 
group was evaluated, it was observed that they had normal 
glycogen stores [Figure 3a]. Liver sections of rats in the 
curcumin group were similar to the control group in both 
staining types [Figures 2b and 3b].

When liver sections of diabetic rats were examined; hydropic 
degeneration with nonlipid vacuolization in hepatocytes, 
heterochromatinization in nuclei, and hypertrophy in 
endothelial and Kupffer cells were clearly seen. Sinusoids 
showed irregularity, while expanding in some parts of the 
tissue, there were roundings with narrowing in some parts. 
There were foci of mononuclear cell infiltration in some 

parts of the tissue and there was congestion in the veins. 
Apoptotic hepatocytes, called councilman body, with a low 
level of pycnotic nuclei and hypereosinophilia cytoplasm 
were found [Figure 2c and d]. There were more PAS (+) 
stained cells in this group in direct proportion to the 
increased amount of glycogen in hepatocytes [Figure 3c].

Diabetic rats treated with curcumin showed improvement 
in cell arrangement, size of endothelial and Kupffer cells, 
and morphology of nuclei of hepatocytes when compared 
to diabetic rats. There were narrowings in the sinusoidal 
areas around the central vein, as in diabetic rats. In terms 
of glycogen content, there was a decrease compared to 
the diabetes group. Hydropic degeneration was found in a 
small amount in this group. Mononuclear cell infiltration 
and vein congestion were not observed, and fibrosis was 
not observed in all groups [Figures 2e and 3d].

Stereological results

The numerical density of binuclear hepatocytes in all groups 
is shown in Figure 4. When the control group was compared 
with the diabetes group, an increase in the number of 
binuclear nuclei was found in the diabetes group (P < 0.01). 
The curcumin group was similar to the control, but there 
was no statistical difference (P > 0.01). In the diabetes 
group treated with curcumin, there was a tendency toward 
less binuclear core density compared to diabetes (P < 0.01).

Immunohistochemical results

Transferase dUTP nick end labeling staining and apoptotic 
index results

As a result of the statistical analysis, it was found that the 
apoptotic index value in the diabetes group was higher 
than the other groups (P < 0.01). The apoptotic index 
value of the diabetes + curcumin group was also found 
to be higher than the control and curcumin groups, and 
less than the diabetes group (P < 0.01). There was no 
significant difference between the control and curcumin 
groups (P > 0.01) [Figure 5 and Table 3].

Ki67 analysis results

Ki67 immunoreactivity was localized in the nucleolus 
of liver hepatocytes. Cells staining positive as a result of 

Table 1: Final body weight and serum glucose 
concentrations of rats in all groups

Groups Parameters
Body weight±SD Glucose (mg/dL) ± SD

C 323.13±4.79 101±8.88
D 252.13±6.60* 433.75±34.12*
CUR 312.63±11.46# 104.37±6.41#

D + CUR 290±9.02*,# 190.37±10.95*,#

*Significantly different from C group: P<0.01, #Significantly 
different from D group: P<0.01. Data are presented as 
mean±SD (n=8). SD: Standard deviation, CUR: Curcumin, 
D + CUR: Diabetes + CUR

Figure 1: Binuclear hepatocytes were counted using a stereo investigator in 
a specific area of the confocal microscope image. In the figure, the yellow 
arrow in the frame shows the binuclear hepatocytes



Ozkaptan, et al.: Protective effects of curcumin on liver injury in diabetic rats

222 Journal of the Anatomical Society of India ¦ Volume 73 ¦ Issue 3 ¦ July-September 2024

Ki67 expression are shown in Figure 6a‑d. As a result of 
the semiquantitative evaluation, it was observed that the 
number of Ki67‑positive staining cells in the Curcumin 
group increased compared to the control, and the number of 
pale‑stained positive cells was higher in the diabetes group 
compared to the control group. In diabetic rats treated with 
curcumin, Ki67‑stained cell density was found to be lower 
than in diabetic rats [Table 4].

Discussion
In diabetic rats, oxidative stress increases due to 
hyperglycemia caused by insulin deficiency and is 
accompanied by inflammation and apoptosis.[7] Therefore, in 
our study, we investigated the efficacy of curcumin treatment 
with STZ on complications related to hyperglycemia in the 
livers of diabetic rats and found four important findings.

The first of these findings is that curcumin lowers glucose 
levels in diabetic rats and accordingly treats body weight 
and liver markers. In our study, a decrease in body weight 
was observed due to high blood glucose, excessive 
food consumption, and depletion of insulin‑producing 

pancreatic β‑cells in rats in whom we developed diabetes 
with STZ. We can explain this situation as follows; STZ 
induces pancreatic β‑cell destruction, resulting in decreased 
insulin synthesis and secretion; this manifests itself as 
hyperglycemia. It also leads to weight loss due to decreased 
insulin secretion, and lack of use of carbohydrates as an 
energy source, thereby increasing the breakdown of protein 
and fat.[36] Treatment with curcumin significantly lowered 
blood glucose levels, resulting in an increase in body 
weight. It has been reported that the antihyperglycemic 
effects of curcumin and its derivatives are due to lowering 
plasma levels of free fatty acids in the liver and reducing 
hepatic glucose production.[37] Therefore, we can say that 
curcumin reduces hyperglycemia, which can strengthen the 
anabolic role of carbohydrate metabolism, improves the 
synthesis of structural proteins, and thus increases body 
weight. However, hepatic markers such as AST, ALT, and 

Table 2: Hepatic markers, lipid peroxidation markers, 
enzymatic, and nonenzymatic antioxidant values in the 

liver of rats in all groups
Parameters Groups

C D CUR D + CUR
AST 73.46±3.00 113.52±7.34* 70.75±2.20# 94.16±5.09*,#

ALT 34.23±2.15 64.85±3.13* 32.50±2.22# 45.27±2.92*,#

ALP 75.39±2.52 140.93±1.75* 74.36±2.68# 103.38±5.53*,#

TBARS 0.88±0.05 3.89±0.14* 0.89±0.08# 2.07±0.17*,#

SOD 8.90±0.30 4.11±0.18* 8.81±0.37# 6.93±0.18*,#

CAT 81.78±2.93 50.06±1.73* 78.98±3.58# 64.09±3.90*,#

GPx 11.07±0.31 4.41±0.37* 10.69±0.47# 8.26±0.40*,#

*Significantly different from C group: P<0.01, #Significantly 
different from D group: P<0.01. Data are presented as 
mean±SD (n=8). SD: Standard deviation, CUR: Curcumin, 
D + CUR: Diabetes + CUR, AST: Aspartate aminotransferase, 
ALP: Alkaline phosphatase, ALT: Alanine aminotransferase, 
TBARS: Thiobarbituric acid reactive substances, SOD: Superoxide 
dismutase, CAT: Catalase, GPx: Glutathione peroxidase

Figure 2: Photomicrographs of rat liver sections stained by H and E. 
Control group (a): The normal histological appearance of the liver shows 
the white arrow hepatocytes. Curcumin group (b): Sinusoid (black arrow). 
Diabetes group (c): Steatosis (white arrow), mononuclear infiltration 
(black long arrow), hydropic degeneration (black short arrow), sinusoidal 
narrowing (arrowhead). Diabetes group (d): Councilman body (black short 
arrow), heterochromatinization in the nucleus (white arrow), hypertrophy 
in Kupffer cell (arrowhead), hypertrophy in the endothelium (black long 
arrow), Diabetes+Curcumin group (e). central vein (CV)
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e

Figure 3: Dark pink stained appearance of glycogen content of all groups 
with periodic acid–Schiff stain. Control group (a), Curcumin group (b), 
Diabetes group (c), Diabetes + Curcumin (d)
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ALP significantly increased in STZ‑induced diabetic rats. 
This may be due to increased inflammation and necrosis 
in liver cells due to increased glucose levels in the 
bloodstream. These enzymes pass from the cytoplasm of 
hepatocytes into the circulation. Therefore, the increase in 
the blood levels of these markers indicates the hepatotoxic 
effect of STZ‑induced diabetes.[37] The fact that these 
hepatic markers in diabetic rats treated with curcumin were 
lower than those in the diabetes group also showed that 
curcumin was hepatoprotective.

The second important finding obtained from the study was 
that curcumin reduces biomarkers of oxidative damage 
and increases endogenous antioxidant defenses. Increased 
oxidative stress, lipid peroxide‑mediated damages, 
and impaired antioxidant systems are hallmarks in the 
pathogenesis of DM.[37‑39] The increase of endogenous 
peroxides in the cell may initiate uncontrolled lipid 
peroxidation, which may lead to cellular infiltration and 
cell damage.[40] Increasing lipid peroxidation impairs the 
functioning of the membrane by reducing membrane 
fluidity and causes increased membrane stiffness and 
decreased cellular deformation, which collectively leads 
to deterioration of the general functioning of the cell by 
inducing membrane lipid peroxidation induced by free 
radicals.[41]

TBARS is a widely used lipid peroxidative marker in the 
STZ‑induced diabetic rat model.[42] In this study, it was 
observed that TBARS levels increased in diabetic rats. 
This result indicates high levels of oxidative stress in the 
liver of diabetic rats. Treatment with curcumin significantly 
reduced the level of TBARS in the liver, indicating that 
curcumin has antioxidant properties.

SOD, CAT, and GPx are enzymatic antioxidants that block 
the free radical process. SOD is an important endogenous 
antioxidant enzyme that acts as a component of the 
first‑line defense system against ROS. It has the ability to 
reduce the superoxide radical to hydrogen peroxide (H2O2). 
CAT catalyzes the reduction of H2O2 and protects tissues 
against reactive hydroxyl radicals.[43] GPx is an important 
intracellular enzyme that breaks down H2O2 into water 
and binds lipid peroxides to their corresponding alcohols, 
mainly in the mitochondria and sometimes in the cytosol.[44]

Cells suffer from peroxide overload when there is an 
increase in SOD levels without a proportional increase in 
peroxidases (GPx). However, excess peroxide formed can 
react with transition metals and form the most harmful 

Table 3: Apoptotic index means and standard deviations 
of the groups

Groups Apoptotic index
C 25.60±1.27
D 77.89±2.75*,#

CUR 24.59±1.64
D + CUR 54.41±2.91*,#,!

*Significantly different from C group: P<0.01, #Significantly 
different from D group: P<0.01. !Significantly different from CUR 
group: P<0.01. Data are presented as mean±SD (n=8). SD: Standard 
deviation, CUR: Curcumin, D + CUR: Diabetes + CUR

Figure 4: Numerical density data for all groups. *Indicates statistical 
difference compared to control group (P < 0.01)

Figure 5: Apoptotic nuclei in liver tissues of rats in all groups. Arrows: 
Positive nuclei. Control group (a), Curcumin group (b), Diabetes group (c), 
Diabetes + Curcumin (d). Transferase dUTP nick end labeling ×200
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Figure 6: Photomicrographs of liver sections stained with Ki67 in the 
different groups. Control group (a), Curcumin group (b), Diabetes group (c), 
Diabetes + Curcumin (d)
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hydroxyl radicals.[45] The increase in glucose level caused 
by DM can inactivate antioxidant enzymes such as SOD, 
CAT, and GPx by glycating these proteins and thus 
initiating oxidative stress that causes lipid peroxidation.[46] 
Several previous studies have reported that curcumin can 
improve CAT, SOD, and GPx activity levels in diabetic 
rats.[47,48] In the current study, we believe that curcumin has 
a strong effect on reducing oxidative stress in diabetic rats 
since curcumin brought CAT, SOD, and GPx activities to 
similar levels to the rats in the control group.

The third important finding in the study was that curcumin 
reduced the apoptotic index in hepatocytes, which increased 
with DM in the liver. The first cellular response to the 
challenge of elevated glucose in diabetes is the production 
of ROS, which rapidly induces apoptotic cell death.[49] ROS 
has been described as an autocatalytic mechanism that can 
lead to programmed cell death.[50] It has been suggested that 
reactive oxygen radicals play a role in the apoptotic cell death 
of hepatocytes and endothelial cells in the liver.[51] In the 
histopathological evaluation of the livers of diabetic rats in 
this study, the presence of a large number of hepatocytes with 
vacuolar degeneration, pycnotic nuclei, and hypereosinophilic 
cytoplasm indicates that the cells are undergoing apoptosis. 
In addition, according to the apoptotic index findings we 
calculated as a result of immunohistochemical (TUNEL) 
staining, the reason for the higher apoptotic index in 
hepatocytes in the liver of diabetic rats compared to other 
groups; we can say that increased insulin causes oxidative 
stress and this leads hepatocytes to apoptosis.

However, in the study, we showed that in the livers of 
diabetic rats treated with curcumin, apoptotic changes 
in hepatocytes improved and the apoptotic index value 
decreased compared to diabetic rats. In our biochemical 
analysis, we reported that curcumin improves the levels 
of antioxidant enzymes and is a powerful antioxidant. In 
line with these data, we can say that curcumin prevents 
apoptosis in hepatocytes by reducing the oxidative stress 
caused by diabetes with its antioxidant properties.

The fourth finding from the study was that curcumin 
increased regeneration in the liver. The most widely 
used proliferation‑associated marker is Ki‑67, a nuclear 
antigen found only in proliferating cells.[52] In this study, 
it was observed that the density of Ki67‑stained cells in 
diabetic rats increased compared to the control group, 
and it was less in the group treated with curcumin than 
in the diabetes group. In addition, in the stereological 
analysis, it was determined that the number of dual‑core 

hepatocytes increased statistically significantly in the 
diabetes group compared to the control group, and it was 
lower in the curcumin‑treated group compared to the 
diabetes group. Liver cells are very long‑lived cells, with 
a life span of approximately 150 days. Therefore, mitotic 
cells are very rare.[53] The liver cell population is fairly 
stable and mitosis is very rare in normal liver. When liver 
tissue is damaged in rats, parenchymal cells appear larger 
than normal and binuclear cells proliferate. Regeneration 
is provided by the mitosis and growth of the remaining 
intact cells.[54] Mitosis in the liver is controlled by a 
mitosis inhibitor called Chalon circulating in the blood. 
In case of tissue damage or partial removal of the tissue, 
rapid mitosis begins in the tissue because the amount of 
Chalon decreases. As the regeneration event progresses, 
the amount of Chalon increases and decreases mitotic 
activity.[55]

Conclusion
Based on the findings of the study, we can say that 
curcumin has the potential to protect against oxidative 
stress and apoptosis caused by hyperglycemia in hepatic 
cells, and it also induces regeneration in the damaged liver, 
and therefore, it can be used as a curative and prophylactic 
drug for the treatment of DM.
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Abstract
Introduction: Nasal index (NI) may establish racial and ethnic identity and serves as a useful tool 
in forensic medicine and reconstructive surgery. Previous studies on nasal indices in many races 
and ethnicities serve as baseline and reference points for forensic and surgical purposes in those 
populations. However, there is scanty or no data on NI in Ghana including the Akan ethnicity. The 
study was conducted to provide baseline data on NI among the Akan people in the Assin Districts 
of the central region of Ghana. Materials and Methods: Four hundred adults between the ages 
of 20 and 58 years were used. Nasal height (NH) and nasal width (NW) were measured using 
Vernier caliper. NI computation and statistical analyses such as z‑test and Pearson correlation were 
performed. Results: Mean NI of 91.32 ± 8.66 and 89.39 ± 10.16 were recorded in males and females, 
respectively, indicating that the predominant nose type in the study population is platyrrhine. There 
was a strong positive correlation between NH and NW, but there was no sexual dimorphism in NI 
among the Akan population. Discussion and Conclusion: This study provides a baseline data on 
NI anthropometry of the Akan people of the Assin Districts and will be a reference point for nasal 
anthropometry for clinical practice, rhinoplasty, and forensic science.
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Introduction
Due to its central positioning, the nose 
plays an important role in defining the 
beauty of an individual. It is also part of the 
upper respiratory tract. Different individuals 
have different nose types, shapes, lengths, 
and sizes that are affected by sex, climate, 
ethnicity, and region. Race, ethnicity, and 
sex can, therefore, be predicted from the 
parameters of nasal anthropometry. The 
shape of the external nose is varied and is 
determined by the ethmoid bone and nasal 
septum, which is made of cartilage and 
separates the nasal openings.[1]

Variation in physical body parts of humans 
has been an area of interest for scientists, 
and as a result, anthropometry as a 
subdiscipline in biological anthropology 
was developed. Anthropometry is a 
standard scientific tool for measuring 
living and fossil human body dimensions.[2] 
Such measurements are very useful in the 
analysis, classification, and identification 
of living populations as well as fossil 
remains.[3] There are several anthropometric 

techniques including nasal anthropometry 
that are used by anthropologists. Nasal 
anthropometry involves the study of the 
proportion, size, and shape of the human 
nose.[4]

Nasal index (NI) is one of the most 
commonly used measurements in nasal 
anthropometry.[2] It is the ratio of nasal 
width (NW) to nasal height (NH) multiplied 
by hundred percent, i.e., NI = (NW/NH) 
× 100%.

The NI measurement is one of the methods 
anthropologists use to differentiate sex, 
race, ethnicity, and subspecies of humans.[5] 
It is also important in rhinoplasty surgery 
and forensic analysis. Rhinoplasty is the 
surgical procedure done on the nose to alter 
its shape and size for cosmetic purposes 
or to improve breathing. In rhinoplasty 
surgery, information on nasal anthropometry 
such as NW, NH, and NI is very useful in 
choosing the appropriate procedure.[6]

On the basis of NH and width, Martin and 
Saller[7] categorized noses into five different 
types [Table 1]. As shown in Figure 1, 
various types of noses are presented.[8] NI 
has been found to relate to regional and This is an open access journal, and articles are 
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climatic differences.[9‑11] The narrower noses are observed 
in persons who live in cold and dry climates, whereas 
broader noses are common in persons who live in warmer 
and moister climates, thus being a consequence of natural 
selection in human evolution.[12]

Akan is the largest ethnic group in Ghana, making up 
about 47.3% of the total population of Ghana. It comprises 
Bono, Asante, Fante, Assin, Adanse, Twifo, Fante, Nzema, 
Akyem, Sehwi, Kwahu, Akwamu, Akuapem, and Ahanta 
people.[13] Most scholars agree that the Akan people may have 
originated from some parts of Sudan, the old Mali Empire, 
Burkina Faso, and even from ancient Mesopotamia and lived 
in the southern part of the West African forest region where 
ethnogenesis of the various Akan groups took place.[14,15]

Various studies have indicated racial and ethnic differences 
in NI among different populations.[11,16,17] However, as far 
as we know, there is no such data on the Akan ethnic group 
of Ghana. This study, therefore, aims to determine the NI 
and classify or specify the nose types of the Akan people 
living in the Assin districts of the central region of Ghana.

Materials and Methods
A total of 400 (200 males and 200 females) adults 
between the ages of 20 and 58 years (mean age of 29.7 
for males and 30.7 for females) were recruited for the 
study. The volunteers, who were randomly selected, were 
all inhabitants of the Assin districts (North, Central, and 
South). Data collection was carried out at the premises of 
Obiri Yeboah SHS, Assin Fosu. To be included in the study, 
a prospective participant was verified, by interrogation, 
to be an Akan. Participants who had congenital nasal 
anomalies, previous surgery, or trauma of the nose or cleft 
lips were excluded from the study.

In this study, the procedure for taking measurements was 
adopted from Hegazy.[18] In summary, NH and NW were 
measured for each subject following standard methods. 
Anatomical landmarks used in measuring the NH were 
the nasion (the midpoint of the nasofrontal suture) and the 
subnasale in the midline (a point on the living body where 
the nasal septum and the upper lip meet in the midsagittal 
plane). NH was measured with a sliding Vernier caliper, from 
the nasion to the subnasale. NW, which is the maximum 
breadth of the nose, was measured at a right angle to the 

NH; from ala to ala [Figure 2]. Before the commencement of 
data collection, participants were informed of what the study 
was about and their informed consent was verbally obtained. 
Any prospective participant who did not understand anything 
about the study was given the opportunity to ask and was 
answered in the participant’s preferred means or language 
of communication. They were also informed that they could 
withdraw from participation in the study, at any time, if they 
so wished. In addition, prospective participants were assured 
of confidentiality of any data obtained from them. The 
procedure of measurement used in the study was noninvasive 
and did not provoke any pain. All measurements were taken 
with the participant in a seated, relaxed mood, the head in 
anatomical position, and relaxed facial muscles. To reduce 
technical error in the measurements, each measurement 
was taken thrice and the average was computed. All 
measurements were taken to the nearest 1.0 mm. The NI 
was computed using the formula below:

Statistical analysis

The data obtained were analyzed using Statistical Package 
for Social Sciences version 22 (IBM. NY, USA) and 
Microsoft Excels 2016 (Microsoft Corporation, Washington 
USA). Basic descriptive statistics, z‑test, and Pearson 
correlation test were performed at a 95% confidence 
interval (P < 0.05 was considered statistically significant).

Results
Basic statistics of NH and NW are shown in Tables 2 and 3. 
The mean NH and NW in males were 4.72 ± 0.44 cm and 

Table 1: Types of nose based on nasal index (Martin and 
Saller, 1957)

Category of nose Description of the nose NI
On living 

head
On 

skull
Hyperleptorrhine Long narrow nose 40–54.9 –
Leptorrhine Moderately narrow nose 55–69.5 <47
Mesorrhine Medium nose 70–84.9 47–50.9
Platyrrhine Wide nose 85–99.9 51–57.9
hyperleptorrhine Very wide nose ≥100 ≥58
NI: Nasal index

Figure 1: Nose types based on nasal index computation (Rohith et al., 2020)



Kyei, et al.: Nasal indices among the Akan People, Ghana

Journal of the Anatomical Society of India ¦ Volume 73 ¦ Issue 3 ¦ July-September 2024 229

4.30 ± 0.53 cm, respectively, whereas those in females 
were 4.26 ± 0.41 cm and 3.79 ± 0.44 cm, respectively. 
There was a significant difference in both mean NH and 
width between male and female subjects (P < 0.0001).

Table 4 shows a mean NI of 91.32 ± 8.66 cm 
and 89.39 ± 10.16 cm for males and females, 
respectively; however, the difference is statistically not 
significant (P = 0.1531).

NH and NW were analyzed for correlation using the 
Pearson correlation test. There was a strong positive 
correlation between these two parameters as displayed in 
Table 5.

Table 6 and Figure 3 show that the dominant type of nose 
found among the Akan people in the Assin districts of 
Ghana is platyrrhine, which is an average of 55% (males 
56% and females 54%). In addition, mesorrhine nose type 
was, on average, 29% (males 28% and females 30%). The 
least nose type was hyperleptorrhine with both male and 
female subjects having equal distribution of 16%.

Discussion
NI and its determinants are influenced by racial, ethnic, 
regional, and climatic differences.[19] The present study 
revealed that the mean NH and NW in males were 4.72 cm 

and 4.30 cm, respectively, whereas in females, NH and 
NW were 4.26 cm and 3.79 cm, respectively. There was 
a significant difference in mean NH and NW in both male 
and female subjects. Comparative studies have shown that 
significant differences exist between males and females 
in mean NH and NW.[20‑23] Therefore, our finding is in 
agreement with previous reports in the literature.

In addition, our results indicate a strong positive correlation 
between NH and NW. This implies that among the study 
population, nose height is proportional to nose width. Gaurav 
et al.[24] and Gulsen et al.[25] have reported similar findings.

The mean NI of males and females in the present study are 
91.32 and 89.39, respectively, with no significant difference 
between the two genders. Importantly, these mean nasal 
indices are of the platyrrhine type of nose.[7] In addition, 
these values show that there is no sexual dimorphism of 
NI among the Akan people in the Assin districts of Ghana. 
Other authors have reported similar values of NI among 
males and females. For instance, Pandey[26] reported NI of 
87.43 and 90.07 for males and females, respectively, among 
Onges people of the Andaman islands. Furthermore, among 
the Yoruba people of Nigeria, Oladipo et al.[17] reported NI 

Table 5: Pearson correlation of nasal height and nasal 
width

Variables NH
r P

NW 0.648 <0.001
NH: Nasal height, NW: Nasal width

Table 3: Basic descriptive statistic of nasal width
Gender n Mean±SD (cm) SEM Range 95% CI CV (%) Z/P
Male 200 4.30±0.53 0.080 3.10–5.54 4.15–4.45 12.32. Z=5.29

P<0.0001Female 200 3.79±0.44 0.062 3.00–4.90 3.66–3.91 11.61
Total 400 4.07±0.58 0.058 3.00–5.82 3.95–4.18 14.25
SD: Standard deviation, SEM: Standard error of mean, CI: Confidence interval

Table 4: Basic descriptive statistic of nasal index
Gender n Mean±SD (cm) SEM Range 95% CI CV (%) Z/P
Male 200 91.32±8.66 1.225 70.78–108.63 88.87–93.79 9.48 Z=1.03

P=0.1531Female 200 89.39±10.16 1.436 72.00–108.04 85.50–92.27 11.37
Total 400 90.36±9.44 0.944 70.78–108.63 88.42–92.23 10.45
SD: Standard deviation, SEM: Standard error of mean, CI: Confidence interval

Table 2: Basic descriptive statistic of nasal height
Gender n Mean±SD (cm) SEM Range 95% CI CV (%) Z/P
Male 200 4.72±0.44 0.062 3.86–5.70 4.59–4.84 9.32 Z=5.47

P<0.0001Female 200 4.26±0.41 0.058 3.40–4.96 4.14–4.37 9.62
Total 400 4.49±0.48 0.048 3.40–5.70 4.39–4.58 10.69
SD: Standard deviation, SEM: Standard error of mean, CI: Confidence interval

Figure 2: Measurement of parameters of nasal index using Vernier 
caliper. (a) Nasal height. (b) Nasal width

ba
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Caucasians, Farkas et al.,[2] found NI of 65.5 and 64.2 
for males and females, respectively. Moreover, our result 
conforms with that of Eboh.[28] Nevertheless, differences in 
NI between males and females have been reported in many 
populations. In a south Indian population, Patil et al.[29] 
reported NI of 84.99 and 67.75 for males and females, 
respectively. Furthermore, in Egypt’s East Delta population, 
NI of 71.46 and 64.56 for males and females, respectively, 
was reported.[18]

The reason for the absence of significant sexual dimorphism 
in the NI as shown in the present study is not clearly 
understood but may be due to the possibility of a lack 

Table 6: Frequency (percentage) of nose types among the 
Akan population in Assin districts

Category of nose Male, n (%) Female, n (%) Total, n (%)
Hyperleptorrhine – – –
Leptorrhine – – –
Mesorrhine 56 (28) 60 (30) 116 (29)
Platyrrhine 112 (56) 108 (54) 220 (55)
hyperleptorrhine 32 (16) 32 (16) 64 (16)

of 90.0 and 88.8 for males and females, respectively. The 
Okrika people of Nigeria also had NI of 86.23 and 86.46, 
for males and females, respectively.[27] Furthermore, among 

Table 7: Comparative references for predominant nasal indices from various populations
Population Author(s) NI Nose type
Onges (Andaman Islands) male Pandey (2006) 87.43 Platyrrhine
Onges (Andaman Islands) female Pandey (2006) 90.07 Platyrrhine
Ahiwars (M.P) male Singh and Purkait (2006) 81.00 Mesorrhine
Ahiwars (M.P) female Singh and Purkait (2006) 82.00 Mesorrhine
Bhil Meena (Rajasthan) male Gangrade and Babel (2012) 83.00 Mesorrhine
Bhil Meena (Rajasthan) female Gangrade and Babel (2012) 79.73 Mesorrhine
Hindu ‑ male Sharma et al. (2014) 80.59 Mesorrhine
Hindu ‑ female Sharma et al. (2014) 77.72 Mesorrhine
Brahmins ‑ male Kaushal et al. (2013) 70.02 Mesorrhine
Brahmins ‑ female Kaushal et al. (2013) 69.89 Leptorrhine
East Delta (Egypt) ‑ male Hegazy (2014) 71.46 Mesorrhine
East Delta (Egypt) ‑ female Hegazy (2014) 64.56 Leptorrhine
Serbia ‑ male Jovanović et al. (2014) 67.56 Leptorrhine
Serbia ‑ male Jovanović et al. (2014) 66.01 Leptorrhine
Caucasian ‑ male Farkas et al. (1986) 65.50 Leptorrhine
Caucasian ‑ female Farkas et al. (1986) 64.20 Leptorrhine
Kosovo Albania ‑ male Staka et al. (2012) 67.07 Leptorrhine
Kosovo Albania ‑ female Staka et al. (2012) 63.87 Leptorrhine
Hausa (Nigeria) ‑ male Anas and Saleh (2014) 70.70 Mesorrhine
Hausa (Nigeria) ‑ female Anas and Saleh (2014) 67.20 Leptorrhine
South Indian ‑ male Patil et al. (2014) 84.99 Mesorrhine
South Indian ‑ female Patil et al. (2014) 67.75 Leptorrhine
Yoruba (Nigeria) ‑ male Oladipo et al. (2006) 88.10 Platyrrhine
Yoruba (Nigeria) ‑ female Oladipo et al. (2006) 90.80 Platyrrhine
Turkis (male) Gulsen et al. (2006) 59.40 Leptorrhine
Sistan (Iran) ‑ female Heidari et al. (2009) 69.70 Leptorrhine
Okrika ‑ male Oladipo et al. (2009) 86.23 Platyrrhine
Okrika ‑ female Oladipo et al. (2009) 86.46 Platyrrhine
Arabic Daniel (2000) 68.49 Leptorrhine
Western Europeans Mulchand (2004) 69.90 Leptorrhine
German Nichani and Willatt (2004) 71.00 Mesorrhine
Lebanon Daniel (2000) 63.30 Leptorrhine
Qazvin Residents Zolbin et al. (2015) 90.7 Platyrrhine
African American Porter and Olson (2003) 79.70 Mesorrhine
Greek Daniel (2000) 68.49 Leptorrhine
Africans Risely (1969) 90–100 Platyrrhine
Yoruba (Nigerians) Oladipo et al. (2006) 89.20 Platyrrhine
Igbo (Nigeria) Akpa et al. (2003) 116.70 Platyrrhine
Akan (Ghana) ‑ male Present study 91.32 Platyrrhine
Akan (Ghana) ‑ female Present study 89.39 Platyrrhine
NI: Nasal index
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Figure 3: Nose type distribution among Akan people in Assin districts, 
Ghana. The predominant nose type found among the Akan people in the 
Assin districts is the platyrrhine nose type

of gender differences in the effect of growth and thyroid 
hormones. Furthermore, the nasal dimensions of both males 
and females may have evolved in a similar way among the 
Akan population. Another possible reason may be due to 
variation in sample size and techniques of measurements 
used by different authors.

The present study has also revealed that the mean NI 
in the study population is 90.36. Various studies have 
indicated racial and ethnic differences in NI among 
different populations.[30] Most Caucasians are leptorrhine, 
having a long and narrow nose with a NI of 69.9 or 
less. Indo‑Aryans have a nose type similar to that of 
Europeans, possession of long nose.[31] The Jingpo people 
in China are mesorrhine,[32] whereas Indo‑Africans[31] and 
Afro‑Americans have platyrrhine nose type.[33]

The results of the present study conform to earlier reports 
on the African population with a NI of 90–100.[16,17,30] 
Surprisingly, the NI of the Akan people reported in the 
current study (90.36) is close to the result of an earlier 
study by Zolbin et al.,[34] who recorded an NI of 90.7 
among males of Qazvin residents (Caucasians by race) in 
Iran. Table 7 gives a summary of NI of various populations 
as reported by various authors.

The present study has revealed that the predominant nose 
type among the Akan population in the North, Central, 
and South Assin districts of the Central Region of Ghana 
is platyrrhine (55%), followed by hyperleptorrhine (29%). 
Few subjects (8%) possess mesorrhine type of nose. The 
Akan people are believed to have lived in the coastal 
part of West Africa since the 11th century.[35] This area is 
characterized by moist and hot climatic conditions. The 
predominant nose types of platyrrhine and hyperleptorrhine 
among the Akan people might be an evolutional adaptation 
to living in such an environment. This suggests that 
the platyrrhine type of nose is typically African and is 
associated with living in a hot and moist climatic area.[12]

Conclusion
The NI of the Akan people living in the Assin districts of the 
Central Region of Ghana has been determined in the present 
study. The results showed that the principal nose type in this 
population is platyrrhine, and there is no sexual dimorphism 
among them. The result of this study will be useful in 
anthropometry for clinical practice, rhinoplasty, and forensic 
science. It will also serve as a baseline for estimating 
other craniofacial variables in the same population. Since 
this study is the first of its kind among the Akan people 
of Ghana, it is recommended that more studies should be 
conducted on other Akan populations living elsewhere in 
Ghana as well as on other ethnicities in the country.
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Abstract
Introduction: Medical students spend majority of their times in Anatomy lab during their first year 
MBBS. Formalin has attracted attention as a health hazard for students and instructors as formalin 
concentrations in air of gross anatomy laboratories are often higher than permissible limits. Despite 
the known toxicity of formaldehyde and its potential health effects, laboratory workers and others 
have little enthusiasm for reducing or replacing the formaldehyde working solution Materials and 
Methods: The FA concentration (in ppm) of indoor air in Anatomy laboratory was measured using a 
SMILEDRIVE Portable air quality pollution meter. The mean FA concentration was measured after 
1 hour after the cadavers were shifted to dissection table at three different levels a. At the level of 
floor b. At the level of roof c. 2 feets above the table (Breathing Zone of medical students) Three 
air samples from the breathing zones were tested and mean concentration of FA was taken with 
exhaust fan on at the level of roof and recorded as a. S1R‑ First immediately before the dissection 
(Zero hour), b. S2R‑ Second sample was collected after one hour after first sample was taken (First 
hour) and c. S3R‑ Third sample after two hours after first sample was taken (Second hour). Three 
air samples from the breathing zones were tested and mean concentration of FA was taken with 
exhaust fan on at the level of floor and recorded as a. S1F‑ First immediately before the dissection 
(Zero hour), b. S2F‑ Second sample was collected after one hour after first sample was taken (First 
hour) and c. S3F‑ Third sample after two hours after first sample was taken (Second hour). Results: 
The vertical distribution of FA was measured by taking the mean air samples at the level of floor, 
at roof level and about 2 feet above dissection table immediately after the cadavers were shifted to 
tables. It was found to be about 0.54ppm at the level of floor, 0.52 at the breathing zone and 0.51 
ppm at roof level. The FA concentration was highest at the level of floor and least at the level of 
roof. On comparing S2F and S2R the p value was 1.335. Thus, it was not statistically significant. On 
comparing S3F and S3R the p value was 0.411. Thus, it was not statistically significant. Conclusion: 
The mean FA at the level of floor was 0.54 ppm. At the breathing zone the mean FA concentration 
was 0.51 ppm before the dissection was started. Exhaust fans at the level of roof were switched on 
and the second sample was taken after 1 hour. The FA concentration was 0.23 ppm. Third sample 
was taken at 2nd hour and FA concentration was 0.11 ppm. The exhaust fans at the level of floor were 
switched on. The air samples were measured at 0, 1st and 2nd hour at breathing zones. It was 0.51, 
0.31 and 0,15 ppm respectively.

Keywords: Air pollution monitor, anatomy laboratory, formaldehyde, indoor air
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Laboratory

Vinay Kumar 
Veeranna Shetty, 
Sathvik Singla1, 
D. M. Sangeetha2

Department of Anatomy, 
A. J. Institute of Medical 
Sciences, 1K. S. Hegde Medical 
Academy, NITTE (Deemed to 
be University), 2Department of 
Civil Engineering, A. J. Institute 
of Engineering and Technology, 
Mangalore, Karnataka, India

Introduction
Cadaveric dissection is one of the essential 
tools for gross anatomy teaching in most of 
the medical colleges; cadavers are embalmed 
and preserved in formaldehyde (FA) for 
long‑term use. Vapors of FA emitted during 
the dissection sessions elevate the indoor 
FA concentration that results in increased 
level of exposure for medical students 
and instructors.[1] Medical students, thus 
during their dissection course, are exposed 
to FA and reported to suffer from various 
physical symptoms such as burning eyes, 

lacrimation, irritation of airways, and 
dermatitis.[2]

The only way out of all these problems is 
to reduce the amount of FA in the indoor 
air. Despite the known toxicity of FA and 
its potential health effects, laboratory 
workers and others have little enthusiasm 
for reducing or replacing the FA working 
solution. It is the responsibility of the 
laboratory workers to understand and adopt 
good laboratory practices to achieve a 
healthy environment.[3]

There is very little scientific literature on 
indoor FA concentration in medical colleges This is an open access journal, and articles are 
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of a large country like India, and so the potential health risk 
to FA in medical colleges in India is relatively unknown. In 
2011, India had the highest number of medical colleges in 
the world. Therefore, the medical student population under 
likely FA exposure risk is going to increase significantly. The 
WHO indoor air quality guideline proposed <0.08 ppm for 
indoor concentration of FA. The American Conference of 
Governmental Industrial Hygienists has set a ceiling limit for FA 
at 0.3 ppm. The International Agency for Research on Cancer 
and the U.S. Environmental Protection Agency classified FA as 
a human carcinogen during high or prolonged exposure. The 
participants of gross anatomy laboratory are exposed to a higher 
concentration of FA than the general population.

The permissible levels of FA in work environment 
time‑weighted average concentration are 1.0 ppm (parts per 
million) and short‑term exposure limits (15 min.) are 2 ppm 
as mentioned in the permissible levels of certain chemical 
substances in work environment – the second schedule. 
Concentrations of 100 parts FA per million parts air are 
immediately dangerous to health. At the embalming room, 
the laboratory staffs are exposed to FA concentration up to 
9 ppm. Short‑term exposure of FA at levels up to 5 ppm 
cause irritation of the eye, nose, and throat and exposure at 
levels from 10 to 20 ppm causes irregularities in heartbeat, 
tightness on the chest, and cough. Even if the individual 
is exposed to low levels of FA for longer duration, it may 
cause sensitization and eczema. Exposures from 50 to 
100 ppm of FA may cause collection of fluid around the 
lungs, which later may cause death.[4]

The Japan Ministry of Health, Labour and Welfare has 
prescribed 0.08 and 0.25 ppm FA as the upper limits in 
domestic and specified workplaces, respectively.[5,6] Despite 
having very good ventilation, the levels of FA may reach 
unsafe levels in anatomy laboratories.

If a person is close to the cadavers during the gross anatomy 
laboratory, his/her personal exposure level is possibly 
2–3‑fold higher than the mean indoor FA concentration.[7]

A study completed by Kim et al. sampled a group of 
Korean medical students to determine FA exposure 
levels during cadaver dissections in an anatomy 
laboratory as well as the prevalence rates of FA‑specific 
immunoglobulin (Ig) E or IgG antibodies and comparing 
them to symptoms associated with FA exposure. The group 
of 167 medical students who had previous exposure to 
FA was studied along with 67 medical students who had 
no previous exposure. National Institute for Occupational 
Safety and Health (NIOSH) method 3500 was used to 
collect area samples at 48 locations within the laboratory. 
Air sampling pumps were calibrated to a rate of 1.1–1.2 L/
min for sample times of either 60 or 120 min. The students 
were also given a questionnaire with listed responses about 
any symptoms that they experienced during the dissection 
as well as a health questionnaire about their medical 
histories. Results showed that FA concentrations within the 

laboratory ranged from 0.16 to 9.16 ppm. The questionnaire 
revealed that 92.8% of the students complained of eye 
soreness, 51.5% headaches, 26.3% sore throat, and 25.1% 
shortness of breath. These results showed that the students 
sampled were being exposed to FA concentrations higher 
than the university’s recommended limits during dissection 
practices. Majority of the medical students experienced 
symptoms of irritation while dissecting in the laboratory.[8] 
If a person is close to the cadavers during the gross anatomy 
laboratory, his/her personal exposure level is possibly 
2–3‑fold higher than the mean indoor FA concentration.

The research question of the present study:
1. FA concentration is higher in air samples near to floor 

than air near to the roof
2. Exhaust fans are better when they are placed near to the 

floor than that those near the roof.

The objectives of the present study are:
1. To measure the FA concentration of indoor air at the level 

of floor, at the level of roof and in between roof and floor
2. To measure the FA concentration at above three levels 

at 0 h, 1st h, and 2nd h
3. To compare all the above parameters with the exhaust 

fan switched on at roof level and fan switched on at the 
level of floor.

Materials and Methods
This cross‑sectional study was done at the anatomy 
dissection laboratory.

The FA concentration (in ppm) of indoor air in the anatomy 
laboratory was measured using a SMILEDRIVE Portable 
air quality pollution meter [Figure 1].

The mean FA concentration was measured after 1 h after 
the cadavers were shifted to the dissection table at three 
different levels.
a. At the level of floor
b. At the level of roof

Figure 1: Smile drive pollution meter which is used to measure 
formaldehyde levels
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c. Two feet above the table (breathing zone of medical 
students).

Three air samples from the breathing zones were tested and 
mean concentration of FA was taken with exhaust fan on at 
the level of the roof and recorded as:
a. S1R ‑ First immediately before the dissection (0 h)
b. S2R ‑ Second sample was collected after 1 h after the 

first sample was taken (1st h) and
c. S3R ‑ Third sample after 2 h after the first sample was 

taken (2nd h).

Three air samples from the breathing zones were tested and 
mean concentration of FA was taken with exhaust fan on at 
the level of the floor and recorded as:
a. S1F ‑ First immediately before the dissection (0 h)
b. S2F ‑ Second sample was collected after 1 h after the 

first sample was taken (1st h) and
c. S3F ‑ Third sample after 2 h after first sample was 

taken (2nd h).

Results
The vertical distribution of FA was measured by taking 
the mean air samples at the level of floor, at roof level, 
and about 2 feet above dissection table immediately after 
the cadavers were shifted to tables. It was found to be 
about 0.54 ppm at the level of floor, 0.52 at the breathing 
zone, and 0.51 ppm at roof level. The FA concentration 
was highest at the level of floor and least at the level of 
roof.

On comparing S2F and S2R, the P value was 1.335. Thus, 
it was not statistically significant. On comparing S3F and 
S3R, the P value was 0.411. Thus, it was not statistically 
significant.

Discussion
Recently, the issue of FA exposure is becoming a matter 
of concern among the participants of cadaveric dissection 
sessions in the gross anatomy laboratories. To prevent 
significant sensory irritation in the general population, 
the WHO recommends an air quality guideline value 
of 0.1 mg/m3 (0.08 ppm) as a 30‑min average for 
FA. Previous studies have demonstrated that indoor 
FA levels in gross anatomy laboratory exceeding the 
limits set by the WHO. The critical health effect of FA 
exposure at low concentrations is sensory irritation. 
In volunteers, eye irritation is observed first at levels 
of 1 ppm and higher (reviewed by Paustenbach et al., 
1997; Arts et al., 2006a).[10] Furthermore, in the study 
by Lang et al. (2008),[9] it was shown that peaks of 
1 ppm were most likely responsible for the induction 
of eye irritation, as minimal objective eye irritation was 
observed only at a level of 0.5 ppm with peaks of 1 ppm. 
Eye irritation was not seen at a level of 0.5 ppm without 
peaks. Nose and/or throat irritation was seen at levels of 
2 ppm and higher (reviewed by Paustenbach et al., 1997; 

Arts et al., 2006a).[10] These levels of 1 and 2 ppm were 
based on controlled human volunteer studies including 
objective measurements, rather than on studies in 
workers or the general population. Hence, the associated 
uncertainties in estimating the exact exposure‑effect 
concentration and the potential variability in exposure 
concentrations, as well as other confounding factors were 
minimized. The value of 1 ppm should, therefore, be 
the starting point for establishing an indoor air exposure 
limit. Although volunteers were exposed only during short 
periods (minute–hour) whereas workers and the general 
population may be exposed daily for life‑time.

Based on an extensive review of available literature, 
including carcinogenicity data, the Federal Institute of Risk 
Assessment (body under public law) in Germany proposed 
a concentration of 0.1 ppm as a safe level. It was also 
based on an additional analysis of human cancer data that 
showed that 0.1 ppm FA would not result in an increased 
cancer risk. Since the level of 0.1 ppm is 10 times lower 
than the threshold for eye irritation and 20 times lower 
than the threshold for nose/throat irritation.

The present study also suggests that the personal 
exposure level for a person close to the dissecting table is 
always greater than the average indoor FA concentration 
because vaporization from cadavers and their containers 
is the main pathway of FA exposure in the gross anatomy 
laboratories. It is suggested that personal exposure 
level of a person is directly proportional to the time 
spent in an area of relatively higher FA concentration 
[Tables 1 and 2]. However, it is not possible to measure 
the FA exposure level of all the subjects. However, its 
concentration can be reduced. This can be achieved by 
providing the local ventilation system or/and the indoor 
air may immediately be exhausted before it spreads in 
the laboratory.

Overall, it has been concluded that an indoor air exposure 
limit of 0.1 ppm, would be a safe, realistic and meaningful 
level, while still taking into account the carcinogenicity 

Table 1: Formaldehyde concentration in the breathing 
zone with exhaust fans switched on at the level of floor

Mean FA concentration (ppm) SD
Sample 1 (0 h) S1F 0.52 (0.51–0.54) 0.01
Sample 2 (after 1 h) S2F 0.23 (0.21–0.26) 0.02
Sample 3 (after 2 h) S3F 0.11 (0.09–0.14) 0.15
FA: Formaldehyde, SD: Standard deviation

Table 2: Formaldehyde concentration in the breathing 
zone with exhaust fans switched on at the level of roof

Mean FA concentration (ppm) SD
Sample 1 (0 h) S1R 0.51 (0.48–0.54) 0.019
Sample 2 (after 1 h) S2R 0.32 (0.3–0.35) 0.18
Sample 3 (after 2 h) S3R 0.15 (0.14–0.17) 0.009
FA: Formaldehyde, SD: Standard deviation
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of FA. This level is (much) higher than indoor air or rural 
levels in general.

It is suggested that further studies are needed to protect the 
medical students and the teaching staff from harmful effect 
of FA.

Conclusion
The mean FA at the level of the floor was 0.54 ppm. At the 
breathing zone, the mean FA concentration was 0.51 ppm 
before the dissection was started. Exhaust fans at the level 
of the roof were switched on and the second sample was 
taken after 1 h. The FA concentration was 0.23 ppm. The 
third sample was taken at 2nd h and FA concentration was 
0.11 ppm.

The exhaust fans at the level of the floor were switched 
on. The air samples were measured at 0, 1st, and 2nd h 
at breathing zones. It was 0.51, 0.31, and 0, 15 ppm, 
respectively.

On comparing three samples, it was found that there was a 
significant decrease in FA concentrations when the exhaust 
fans at the level of floor were used.

Very few scientific studies done on indoor FA concentration 
in the Anatomy laboratory of Indian medical colleges and 
so the potential health risk to FA in Indian medical colleges 
is relatively unknown.

Since is FA considered an industrial air pollutant, it 
has numerous effects on the health of the individual. 
Due to lack of information on actual FA levels in the 
anatomy laboratory, precautionary measures may not be 
even contemplated, and hence, health impacts could be 
substantial. Routinely checks should be done on levels of 
FA in the indoor air of anatomy laboratories and measure to 
reduce their exposure should be done. The FA concentration 
if found, to be significantly less on the usage of exhaust 
fans that are near to floor which helps in bringing down the 
amount of FA exposure to students.
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Abstract
Background: Customization of Total Knee Replacement (TKR) and the design of knee prostheses are 
paramount. Conventionally, surgeons select from a spectrum of pre‑fabricated implants, assessing their 
fit based on the patient’s knee morphology via magnetic resonance imaging. Aim and Objective: 
This research endeavours to identify and quantify gender‑related variations in knee morphometry 
by examining the distal femur and proximal tibia of the population of North India. Materials and 
Methods: A Descriptive cross‑sectional study included 59 males and 59 females’ knees. A 1.5 TESLA 
MRI unit (Avanto Magnetomtim + dot system, Siemens, Erlangen, Germany) was utilized for imaging. 
The morphological features of proximal Tibia and distal femur were taken. Correlation between 
morphometric parameters were calculated using Karl Pearson’s correlation coefficient. P‑value <0.05 
was set statistically significant. Results: All the FEMUR parameters were significantly higher in 
males than females. The mean FML in males was 8.04±0.50SD and in females was 6.97±0.33SD 
(P<0.05). Mean FMAP in males was 5.98±0.46SD and in females it was 5.36±0.35SD (P<0.05). All 
the TIBIA parameters were significantly higher in males than females. The mean TML in males was 
7.56±0.37SD and in females was 6.49±0.28SD (P<0.05). Mean TAP in males was 4.64±0.41SD and 
in females it was 4.13±0.25 (P<0.05). Conclusion: Variations in bone dimensions were attributed to 
a complex interplay of genetic, ethnic, and environmental factors. In conclusion, this study makes a 
substantial contribution to the understanding of knee joint morphology.

Keywords: Knee arthroplasty, knee joint, magnetic resonance imaging, osteoarthritis, prosthesis 
design
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Introduction
The knee’s composition is characterized 
by the union of the femur with the tibia, 
constituting the tibiofemoral joint, and 
the association between the femur and the 
patella, forming the patellofemoral joint.[1]

The integrity of the knee, from the skeletal 
foundation to the resilience of the menisci, 
depends on a concerted physiological 
mechanism to preserve the articular surfaces 
from the degradative effects associated with 
osteoarthritic conditions.[2]

Knee osteoarthritis (OA) is a widespread 
condition, recognized as a leading 
contributor to disability and an encumbrance 
on the daily lives of those affected, thereby 
amplifying health‑care expenditures on 
a global scale.[3] With the advance of 
population aging, the incidence and impact 
of OA are projected to intensify. Magnetic 

resonance imaging (MRI) has become the 
preferred noninvasive imaging modality 
for the diagnosis of OA, acclaimed for 
its exceptional delineation of soft tissues 
and precise morphological evaluation of 
joints.[4,5]

The occurrence rates of OA demonstrate 
a broad international spectrum, with 
percentages ranging from 3.8% to 70%, 
a variance influenced by the diversity 
of diagnostic criteria and population 
demographics under study.[6,7]

Total knee arthroplasty (TKA), also known 
as total knee replacement (TKR), is a 
pivotal orthopedic intervention targeting the 
knee’s articulating surfaces, specifically the 
femoral condyles and tibial plateau. This 
procedure emerges as the definitive solution 
for alleviating pain and restoring mobility 
in knees afflicted by severe arthritis, 
particularly when conservative treatments 
have proven ineffective.[8]
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Optimizing the outcome of TKA hinges on the precise 
tailoring of the prosthetic components to mirror the patient’s 
knee anatomy.[9] Recognizing the nuances in femoral 
morphology across genders has steered advancements 
toward the development of prosthesis designs that cater 
to the narrower femoral condyles and modified trochlear 
geometries typically found in female anatomy.[10,11] 
Furthermore, disparities in femoral dimensions between 
Asian and Western populations have been observed, 
which presents a challenge as current prosthesis models 
are predominantly based on Caucasian anatomical data, 
potentially resulting in suboptimal fits for Asian patients.[12]

The success of TKA is significantly influenced by the 
meticulous matching of the prosthetic to the patient’s distal 
femur and proximal tibia, ensuring the preservation of bone 
integrity and optimal load distribution.[13] Incorrect sizing 
of components can lead to issues such as early prosthesis 
loosening with a smaller tibial component or soft‑tissue 
irritation and pain with an oversized component.[14]

The primary goals of TKR are to alleviate pain and to 
rejuvenate knee function and mobility. Regarded as a highly 
effective modality for treating terminal knee degenerative 
diseases, TKR boasts a commendable clinical success 
rate of about 95% at a 10‑year follow‑up.[15,16] Prosthesis 
design must conform to stringent anatomical, biological, 
mechanical, and manufacturing standards to facilitate these 
successful patient outcomes.[17,18]

MRI technology employs a potent magnetic field and 
radiofrequency pulses to generate detailed imagery of knee 
joint structures, aiding in the diagnosis and assessment of 
joint conditions. It is a critical tool for evaluating pain, 
weakness, swelling, or internal derangement of the knee 
without the use of ionizing radiation, often informing 
the decision on whether surgery is necessary. While 
radiography is the initial standard in imaging for knee 
diagnosis, MRI provides a more comprehensive evaluation 
of both osseous and soft‑tissue structures.[19,20]

Recent research within Caucasian populations has uncovered 
notable variations in knee shape, with distinct sex‑based 
differences observed in the femoral midshaft, distal femur, 
and patella. Automated three‑dimensional (3D) morphologic 
analysis has highlighted these differences, revealing that 
females typically have narrower distal femurs with a smaller 
mediolateral to anteroposterior (AP) ratio.[21,22] In various 
Asian countries, studies on implant mismatching have raised 
concerns about the indiscriminate selection of TKA implants, 
which are often based on a limited demographic and fail 
to account for regional morphological diversity.[23] This 
highlights the necessity of acknowledging ethnic differences 
in the distal femur and proximal tibia dimensions when 
assessing the clinical impact of current TKA designs.

It is crucial to measure and quantify these morphological 
discrepancies by comparing the resected knees of specific 

populations with existing Western implants. This comparison 
will facilitate improvements in the performance of TKA. 
The present study seeks to examine the knee morphology 
of the Indian population using 3D models, juxtaposing these 
findings with global research to ensure a judicious selection 
of TKA implants available commercially.

Materials and Methods
Study design

A descriptive cross‑sectional study conducted at 
Rohillkhand Medical College with the collaboration of 
Teerthanker Mahaveer Medical College after approval from 
the College Research Committee and Institutional Ethical 
Committee (IEC No. BIU/REG/PhD/551).

Sample size

Sample size was 59 males and 59 females (total 118 
individuals). The knee joint data included 59 males and 
59 females’ knees.

Study period

This study was conducted for approximately 1 year after 
the approval from the Central Research Committee.

Inclusion criteria

1. Age group of 22–60 years of age[24]

2. Healthy knee joints
3. Only complete and fully ossified bones were included.

The study received ethical approval from the Institutional 
Review Board.

Exclusion criteria

Patients with previous knee joint surgeries or had a knee 
trauma, fracture, dislocation, or a ruptured or torn anterior 
cruciate ligament of any sprained ligament (sprain II and 
above) will not be included in the study.[7]

Magnetic resonance imaging technique

A 1.5 TESLA MRI unit (Avanto Magnetomtim + dot 
system, Siemens, Erlangen, Germany) was utilized for 
imaging. Images were obtained at a thickness of 3 mm 
with a 0.3 mm interval. Subjects were positioned supine 
with their knee joints at a 0° angle, and patella facing 
forward to capture axial images parallel to the knee joints. 
The NUMARIS/4 syngo MR D13 system was employed to 
measure morphometric parameters in the axial images of 
the proximal tibia and distal femur.

In this study, about 13 morphological features will be 
measured.

The parameters of distal femur

1. Femur epicondylar width (fEW): “It is defined as the 
transverse distance across the femur at the level of the 
epicondyles, which are the rounded bony prominences 
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at the distal end of the femur where ligaments and 
tendons attach. This measurement is taken as the 
straight line distance between the most lateral point of 
the lateral epicondyle and the most medial point of the 
medial epicondyle” [Figure 1]

2. Femur medial condyle anterioposterior length (fMAP) 
defined as the distance from the most anterior point 
on the femur medial condyle to the posterior condylar 
line [Figure 2]

3. Femur lateral condyle anterioposterior length 
(fLAP) distance from the most anterior point on the 
femur lateral condyle [Figure 2]

4. Femur medial‑lateral length (fML) referenced by the 
femoral epicondyle axis, defined as the most salient 
point between the medial and lateral attachment on the 
femoral condyle [Figure 2]

5. Femur medial condyle width (fMW): The transverse 
distance across the medial condyle of the femur, which 
is the innermost of the two rounded prominences 
at the end of the thigh bone, where it meets the 

knee [Figure 3]
6. Femur lateral condyle width (fLW): The measurement of 

the transverse distance across the lateral condyle of the 
femur, the outermost of the two prominences [Figure 3]

7. Intercondylar fossa width (ICW): The measurement 
of the distance across the intercondylar fossa, the 
groove between the medial and lateral femoral 
condyles [Figure 4]

8. Intercondylar fossa height (ICH): Vertical measurement 
from the deepest part of the intercondylar fossa to the 
top of the ’fossa’s ridge [Figure 4]

9. Femoral aspect ratio (FAR) (ratio of femoral 
medial‑lateral [ML]/AP): The data extraction will be 
done along the three different view planes such as 
transverse plane, sagittal plane, and coronal plane of the 
scan [Figure 5].[7]

The parameters of proximal tibia

1. Tibia anterioposterior (tAP) width: Distance between two 
tangents parallel to transepicondylar axis and passing 

Figure 2: Femur medial‑lateral length, femur medial condyle anterioposterior 
length, femur lateral condyle anterioposterior length.   FLAP: Femur 
lateral condyle anteroposterior length, FMAP: Femur medial condyle 
anteroposterior length, FML: Femur medial‑lateral length

Figure 4: Intercondylar fossa width and height

Figure 1: Trans epicondylar axis of the femur.  FTEA: Femoral trans 
epicondylar axis

Figure 3: Femur medial and lateral condyles. FMC: Femur medial condyle, 
FLC: Femur lateral condyle
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through anterior and posterior extremities [Figure 6]
 Trans epicondylar axis (TEA) – distance between the 

lateral and medial epicondyles
2. Tibia medial condyle anterioposterior length (tMAP): 

The tibia medial condyle anteroposterior length (tMAP) 
is the length from the anterior medial tibia plateau to 
the posterior plateau [Figure 6]

3. The tibia lateral condyle anteroposterior length (tLAP): 
The length from the anterior lateral tibia plateau to the 
posterior plateau [Figure 6]

4. Tibial mediolateral width (tML): The distance between 
medial and lateral extremities in the resected plane 
measured parallel to the mediolateral axis was defined 
as tibial mediolateral width (tML) [Figure 6].[17] 
Figure 7 shows the Sagittal MRI of Knee Showing 
Femur, Tibia, and Patellar Regions.

Statistical analysis

Data were entered in Excel and analyzed using SPSS (IBM 
SPSS Statistics 20.0. IBM Corp., Armonk, N.Y., USA). 
Matirx data were expressed in mean ± standard deviation, and 
categorical data were expressed in frequencies/percentages. 
Morphometric measures between the genders were compared 
using an independent sample t‑test. The correlation 
between morphometric parameters was calculated using 
Karl Pearson’s correlation coefficient. Receiver operating 
characteristics (ROCs) analysis was performed to determine 
cutoff values for each parameter to differentiate males from 
females. P < 0.05 was set as statistically significant.

Results
There were 59 male and 59 female participants with a total 
of 118 included in the study [Table 1].

The mean age of all participants was 22.20 ± 5.03. 
Mean height and weight were 164 ± 8.46 (cm) and 
61.53 ± 11.28 (kg), respectively [Table 2 and Figure 8].

The mean values (TIBIA) of TML, TAP, TMAP, and 
TLAP, respectively, were 7.02 ± 0.63, 4.39 ± 0.42, 

4.49 ± 0.48, and 4.22 ± 0.46. The mean values (FEMUR) 
of FML, FMAP, FLAP, FEW, FMW, FLW, ICW, 
ICL, and FAR, respectively, were 7.50 ± 0.68, 
5.67 ± 0.51, 6.00 ± 0.51, 7.58 ± 0.86, 2.43 ± 0.28, 
2.31 ± 0.26, 2.39 ± 0.29, 2.36 ± 0.35, and 0.92 ± 0.10 
[Figures 9 and 10]. Table 3 shows the Morphometric 
measures of knee joint.

It was observed that there were significant mean 
differences in age, height, and weight between males and 
females (P < 0.01) [Table 4 and Figure 11].

There was a significant mean difference in all 
morphometric parameters observed between males and 
females (P < 0.01). Mean values were significantly less in 
females as compared to males. Mean TML in males was 
7.56 ± 0.37, and in females, it was 6.49 ± 0.28. Mean 
TMAP in males was 4.84 ± 0.33, whereas in females, it 
was 4.13 ± 0.31 [Figure 12].

Mean FML, FEW, and FLW in males was 8.04 ± 0.50, 
8.24 ± 0.63, and 2.49 ± 0.16, respectively, while in females, 
it was 6.97 ± 0.33, 6.92 ± 0.46, and 2.13 ± 0.19 [Table 5 
and Figure 13].

There was a very high correlation observed between 
TML and TAP, TMAP, TLAP, FML, FMAP, FLAP, and 
FEW. Furthermore, there was a high correlation between 
FML and FMAP, FLAP, and FEW. FEW had a moderate 
correlation with FMW, FLW, ICW, and ICL [Table 6].

In females, there was a strong correlation observed 
between TML and FML and moderate correlation with 

Figure 5: Aspect ratio of distal femur Figure 6: Axial plane of tibia.  TAP: Tibia Anteroposterior, TML: Tibial 
mediolateral, TMAP: Tibia medial condyle anteroposterior, TLAP: Tibia 
lateral condyle anteroposterior

Table 1: Sex distribution of study participants
Sex Frequency, n (%)
Male 59 (50.0)
Female 59 (50.0)
Total 118 (100.0)
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TMAP, FMAP, and FLAP. Moderate correlation was 
observed between TMAP and TLAP, FML, FMAP, and 
FLAP (P < 0.01) [Table 6 and Figures 14, 15].

Discussion
Based on the findings, it is evident that when examining 
various parameters of both the tibia and femur, distinct 
gender‑based differences emerge. Specifically, in the case of 
the tibia, including measurements such as tAP, tibia medial 
anteroposterior (tMAP), tibia lateral anteroposterior (tLAP), 
and tibia mediolateral (tML), it is apparent that these 
parameters exhibit larger dimensions in males compared to 
females. This trend holds true consistently across all these 
tibial measurements.

A detailed comparison of morphometric measures 
between genders, specifically focusing on male and 
female subjects was done. Males had a significantly 
longer average tibia length (7.56 cm ± 0.37) compared to 
females (6.49 cm ± 0.28). Once again, males exhibited a 
significantly greater AP measurement (4.64 cm ± 0.41) 
compared to females (4.13 cm ± 0.25). Tibia medial 

condyle anteroposterior (TMAP) and tibia lateral condyle 
anteroposterior (TLAP) also showed significant differences, 
with males having larger values.

Table 2: Age and anthropometric measures of all 
participants

Variables Mean±SD Minimum Maximum
Age 22.20±5.03 18.00 44.00
Height (cm) 164.66±8.46 144.00 186.00
Weight (kg) 61.53±11.28 38.00 90.00
SD: Standard deviation

Table 3: Morphometric measures of knee joint
Variables Mean±SD Minimum Maximum
Tibia

TML 7.02±0.63 5.87 8.45
TAP 4.39±0.42 3.47 5.70
TMAP 4.49±0.48 3.32 5.81
TLAP 4.22±0.46 3.38 5.32

Femur
FML 7.50±0.68 5.98 9.16
FMAP 5.67±0.51 4.14 7.34
FLAP 6.00±0.51 4.90 7.29
FEW 7.58±0.86 5.98 9.32
FMW 2.43±0.28 2.06 3.06
FLW 2.31±0.26 1.85 2.90
ICW 2.39±0.29 1.73 2.90
ICL 2.36±0.35 1.73 3.08
FAR 0.92±0.10 0.67 1.24

TML: Tibial mediolateral width, TAP: Tibia anterioposterior width, 
TMAP: Tibia medial condyle anteroposterior length, TLAP: Tibia 
lateral condyle anteroposterior length, FML: Femur medial‑lateral 
length, FMAP: Femur medial condyle anterioposterior length, 
FLAP: Femur lateral condyle anterioposterior length, FEW: Femur 
epicondylar width, FMW: Femur medial condyle width, ICW: 
Intercondylar fossa width, ICL: Intercondylar fossa length, 
FAR: Femoral aspect ratio

Figure 7: Sagittal magnetic resonance imaging of knee showing femur, 
tibia, and patellar regions

Table 5: Comparison of morphometric measures 
between gender

Sex Male Female t P*
Tibia

TML 7.56±0.37 6.49±0.28 17.865 <0.001
TAP 4.64±0.41 4.13±0.25 8.096 <0.001
TMAP 4.84±0.33 4.13±0.31 12.060 <0.001
TLAP 4.56±0.34 3.88±0.27 12.008 <0.001

Femur
FML 8.04±0.50 6.97±0.33 13.810 <0.001
FMAP 5.98±0.46 5.36±0.35 8.074 <0.001
FLAP 6.34±0.40 5.66±0.34 9.933 <0.001
FEW 8.24±0.63 6.92±0.46 13.041 <0.001
FMW 2.61±0.19 2.25±0.24 9.227 <0.001
FLW 2.49±0.16 2.13±0.19 11.205 <0.001
ICW 2.52±0.15 2.25±0.32 5.919 <0.001
ICL 2.57±0.21 2.15±0.33 8.190 <0.001
FAR 0.97±0.10 0.88±0.09 5.220 <0.001

*Based on independent sample t‑test. TML: Tibial mediolateral 
width, TAP: Tibia anterioposterior width, TMAP: Tibia 
medial condyle anteroposterior length, TLAP: Tibia lateral 
condyle anteroposterior length, FML: Femur medial‑lateral 
length, FMAP: Femur medial condyle anterioposterior length, 
FLAP: Femur lateral condyle anterioposterior length, FEW: Femur 
epicondylar width, FMW: Femur medial condyle width, 
ICW: Intercondylar fossa width, ICL: Intercondylar fossa length, 
FAR: Femoral aspect ratio

Table 4: Comparison of anthropometric measures 
between gender

Sex Male Female t P*
Age 23.51±5.82 20.90±3.71 2.905 0.004
Height (cm) 170.66±6.21 158.66±5.72 10.925 <0.001
Weight (kg) 66.14±10.22 56.92±10.43 4.850 <0.001
*Based on independent sample t‑test
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Table 6: Correlation between Morphometric measures
Correlation between morphometric measures (male)

TML TAP TMAP TLAP FML FMAP FLAP FEW FMW FLW ICW ICL
TAP 0.36** 1.00
TMAP 0.59** 0.40** 1.00
TLAP 0.40** 0.53** 0.28* 1.00
FML 0.49** 0.35** 0.46** 0.132 1.00
FMAP 0.53** 0.32* 0.40** 0.09 0.72** 1.00
FLAP 0.69** 0.49** 0.50** 0.31* 0.55** 0.61** 1.00
FEW 0.52** 0.19 0.24 0.17 0.34** 0.39** 0.59** 1.00
FMW 0.26* 0.10 0.15 −0.09 0.14 0.32* 0.30* 0.33** 1.00
FLW 0.19 −0.11 −0.07 −0.24 0.28* 0.12 0.17 0.42** 0.26* 1.00
ICW 0.14 0.26* 0.30* 0.20 0.19 0.09 0.33* 0.53** 0.05 0.23 1.00
ICL 0.23 −0.00 0.21 0.13 0.22 0.22 0.15 0.38** 0.26* 0.33* 0.13 1.00
FAR 0.23 −0.07 0.02 0.03 −0.14 −0.02 0.25 0.29* 0.15 0.15 0.14 −0.02

Correlation between morphometric measures (female)
TML TAP TMAP TLAP FML FMAP FLAP FEW FMW FLW ICW ICL

TAP −0.03 1.00
TMAP 0.41** 0.29* 1.00
TLAP 0.29* 0.48** 0.39** 1.00
FML 0.67** 0.27* 0.46** 0.22 1.00
FMAP 0.41** 0.25 0.40** 0.41** 0.26* 1.00
FLAP 0.39** 0.39** 0.50** 0.51** 0.44** 0.53** 1.00
FEW 0.10 −0.19 0.26 0.06 0.07 0.05 0.01 1.00
FMW −0.12 −0.01 −0.13 −0.03 −0.18 −0.11 −0.07 0.13 1.00
FLW 0.271* −0.03 0.11 0.19 0.18 0.12 0.12 −0.07 0.08 1.00
ICW −0.10 −0.23 −0.10 −0.22 0.15 −0.03 −0.09 −0.01 −0.17 −0.10 1.00
ICL −0.15 −0.307* −0.11 −0.18 −0.13 0.05 −0.05 0.12 0.04 −0.19 0.37** 1.00
FAR 0.22 0.07 0.21 0.18 0.14 0.14 0.13 0.38** 0.07 0.12 0.02 0.03
*Correlation is significant at the 0.05 level, **Correlation is significant at the 0.01 level. TAP: Tibia anterioposterior width, TMAP: Tibia 
medial condyle anteroposterior length, TLAP: Tibia lateral condyle anteroposterior length, FML: Femur medial‑lateral length, 
FMAP: Femur medial condyle anterioposterior length, FLAP: Femur lateral condyle anterioposterior length, FEW: Femur epicondylar 
width, FMW: Femur medial condyle width, ICW: Intercondylar fossa width, ICL: Intercondylar fossa length, FAR: Femoral aspect ratio, 
TML: Tibial mediolateral width

Figure 8: Age and anthropometric measures of all participants
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The findings of this research are in concordance with similar 
studies focusing on the morphometrics of knee joints. 
Research by Tummala et al. has highlighted differences 
in knee joint structures such as condylar alignment (CA) 
and congruity index (CI) between genders, particularly 
within medial tibiofemoral joints. Their research suggests 
that female knees often have a higher CA and a lower CI, 
which could reflect the gender‑specific variations in tibial 
dimensions that our study also identifies.[25,26] Similarly, 
Park et al. have reported significant differences in knee 
dimensions between genders, specifically in measurements 

such as notch width, bicondylar width, and medial condylar 
width. Such findings give additional support to the 
gender‑related differences noted in the present study.[27]

In the comparison of morphometric parameters of knee 
joints related to the femur, males have substantially longer 
femurs, with an average of 8.04 cm (±0.50) compared 
to females with 6.97 cm (±0.33). Femur medial condyle 
anteroposterior length (FMAP) and femur lateromedial 
anteroposterior (FLAP): both measurements indicate that 
males have larger dimensions compared to females. Males 

Figure 9: Morphometric measures of the knee joint (TIBIA). TAP: Tibia anterioposterior,   TML: Tibial mediolateral, TMAP: Tibia medial condyle anteroposterior, 
TLAP: Tibia lateral condyle anteroposterior

Figure 10: Morphometric measures of the knee joint (FEMUR). FAR: Femoral aspect ratio,  FML: Femur medial‑lateral length, FMAP: Femur medial 
condyle anteroposterior length, FLAP: Femur lateral condyle anteroposterior length, FEW: Femur epicondylar width, FMW: Femur medial condyle width, 
FLW: Femur lateral condyle width, ICW: Intercondylar fossa width, ICL: Intercondylar fossa length
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have a wider femur endocortical width (8.24 cm ± 0.63) 
compared to females (6.92 cm ± 0.46). Femur medial 
condyle width (FMW) and femur lateral condyle 
width (FLW): Once again, males exhibit greater values 
in both measurements. The comparison of anthropometric 
measures between genders in the context of knee joint 
morphometrics is a critical area of study, especially 
considering the objectives of understanding the variations 
in the Indian population and comparing them with global 
data. In contrast, Cheng et al. proposed that morphological 
data could be valuable for prosthesis design, emphasizing 
the suitability of sex‑specific designs.[9,14] Guy et al. 

discovered significant disparities in the distal femoral 
morphology between men and women, particularly noting 
that many female cases exhibited femoral component 
overhang in standard prostheses.[20]

Loures et al.’s study, which examines the correlation 
between knee anthropometrics and prosthetic implant 
sizing, also confirms the presence of gender‑specific 
variations in the dimensions of the distal femur.[28] These 
studies collectively highlight the importance of recognizing 
and understanding the differences in knee joint morphology 
along gender lines, particularly within the Indian 
demographic. Such insights are crucial for orthopedic 

Figure 11: Comparison of anthropometric measures between gender

Figure 12: Comparison of morphometric measures between gender (TIBIA). TAP: Tibia anterioposterior,  TML: Tibial mediolateral, TMAP: Tibia medial 
condyle anteroposterior, TLAP: Tibia lateral condyle anteroposterior
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surgical planning and provide a useful point of reference 
for global comparative studies.

In the morphometric analysis conducted by Lim et al.,[29] 
which utilized MRI for precision, the ML width for the 

Figure 13: Comparison of morphometric measures between gender (FEMUR). FAR: Femoral aspect ratio,   FML: Femur medial‑lateral length, FMAP: Femur 
medial condyle anteroposterior length, FLAP: Femur lateral condyle anteroposterior length, FEW: Femur epicondylar width, FMW: Femur medial condyle 
width, FLW: Femur lateral condyle width, ICW: Intercondylar fossa width, ICL: Intercondylar fossa length

Figure 14: Correlation between morphometric measures (male). TAP: Tibia anterioposterior, FAR: Femoral aspect ratio,   FML: Femur medial‑lateral length, 
FMAP: Femur medial condyle anteroposterior length, FLAP: Femur lateral condyle anteroposterior length, FEW: Femur epicondylar width, FMW: Femur 
medial condyle width, FLW: Femur lateral condyle width, ICW: Intercondylar fossa width, ICL: Intercondylar fossa length, TML: Tibial mediolateral, TMAP: 
Tibia medial condyle anteroposterior, TLAP: Tibia lateral condyle anteroposterior
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Figure 15: Correlation between morphometric measures (female). TAP: Tibia anterioposterior, FAR: Femoral aspect ratio,   FML: Femur medial‑lateral length, 
FMAP: Femur medial condyle anteroposterior length, FLAP: Femur lateral condyle anteroposterior length, FEW: Femur epicondylar width, FMW: Femur 
medial condyle width, FLW: Femur lateral condyle width, ICW: Intercondylar fossa width, ICL: Intercondylar fossa length, TML: Tibial mediolateral, TMAP: 
Tibia medial condyle anteroposterior, TLAP: Tibia lateral condyle anteroposterior

studied cohort averaged 81.5 mm in males and 76.7 mm 
in females. The study further revealed that the AP 
width of the medial compartment measured 62.7 mm 
in males and 56.8 mm in females, and for the lateral 
compartment, the dimensions were 59.0 mm in males 
compared to 58.4 mm in females.[29] Other parameters, 
including the intercondylar fossa width (ICW), 
intercondylar fossa length (ICL), and FAR, also presented 
significant variations between the sexes. Statistical 
analysis indicated a highly significant difference in 
these morphometric parameters between male and 
female subjects (P < 0.001). There was a moderate 
correlation between TML and TAP, with r = 0.603**, 
suggesting a moderate connection between the tibia 
ML length and Tibia AP length. A strong correlation 
with r = 0.822** was observed between TML and tibia 
medial condyle anterior‑posterior (TMAP), indicating a 
robust relationship between these measures. In addition, 
TML shows a strong positive correlation of 0.754** 
with tibia lateral condyle anteroposterior (TLAP), 
signifying a substantial connection. Furthermore, there 
was a very strong correlation of 0.858** between TML 
and femur medial‑lateral length (FML), highlighting 
a highly significant association. TML also exhibits 
strong positive correlations with femur medial condyle 

anteroposterior (FMAP) at 0.706**, femur lateral 
condyle anteroposterior (FLAP) at 0.785**, and femur 
epicondylar width  (FEW) at 0.775**, suggesting 
significant relationships. Moreover, TML shows moderate 
correlations with femur medial condyle width (FMW) at 
0.564**, femur lateral condyle width (FLW) at 0.674**, 
intercondylar fossa width (ICW) at 0.413**, intercondylar 
fossa length (ICL) at 0.514**, and FAR at 0.485**, 
indicating noticeable connections with these parameters. 
The study reveals notable variations in bone dimensions 
between India and other countries such as China, Saudi 
Arabia, Caucasians, Korea, and Turkey. These differences 
can be attributed to genetic, ethnic, and environmental 
factors, highlighting the significance of considering 
population‑specific data in medical and anthropological 
studies.[30‑32]

Conclusion
This extensive research focused on investigating 
gender‑based disparities in knee joint morphometry using 
MRI among Indian adults stands as a significant contribution 
to the realms of orthopedics and anthropometry. The study 
offered valuable insights into knee joint anatomy and its 
implications for medical practice.
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The study outcomes emphasized noticeable gender‑related 
distinctions in critical tibia and femur parameters, 
consistently revealing larger dimensions in males. These 
findings hold relevance for knee health, orthopedic 
evaluations, and prosthetic design considerations. 
Moreover, the research employed ROC analysis to 
demonstrate the discriminatory power of various 
anatomical parameters linked to bone dimensions. These 
analytical approaches served as indispensable tools for 
both clinicians and researchers, aiding in establishing 
cutoff values for specific morphometric measurements. 
Furthermore, the study’s comparative examination across 
various populations, including India and other nations, 
accentuated the need to account for population‑specific 
data in orthopedic and anthropological investigations. 
Variations in bone dimensions were attributed to a complex 
interplay of genetic, ethnic, and environmental factors. In 
conclusion, this study makes a substantial contribution 
to the understanding of knee joint morphology. Its 
implications extend to orthopedic surgery, prosthetic 
design, and medical interventions in the context of knee 
joints.
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Abstract
Background and Objectives: While interlaminar endoscopic discectomy has gained prominence 
as an effective treatment for lumbar disc herniation, there remains a paucity of research 
investigating the correlation between the radiological features of the interlaminar window and the 
intra‑operative indications and techniques. This study aims to delineate several indices of a patient’s 
radiological characteristics of the interlaminar window and their corresponding relationships. 
Subjects and Methods: We measured parameters of interlaminar foramen using optimized coronal 
oblique projection computed tomography images. Measurements were conducted at the L2, L3, 
L4, and L5 levels. Results: As we descended from the L2‑3 to the L5‑S1 levels, we observed that 
the transverse interlaminar diameter increased from 14.04 ± 2.24 mm to 24.82 ± 3.41 mm. The 
superior angles of the interlaminar windows increased from 46.96° ± 11.30° to 97.53° ± 17.94°. 
The interlaminar height declined from 9.43 ± 1.95 mm to 8.79 ± 2.38 mm, while the interpedicular 
distance expanded from 18.30 ± 3.18 mm to 29.36 ± 3.22 mm. Conclusions: The morphology of the 
interlaminar windows transitions from a vertically elongated shape to a horizontally flattened form as 
we move downward along the spine. This transformation should be taken into consideration during 
the intraoperative planning and execution of interlaminar endoscopic discectomy procedures.

Keywords: Endoscopic interlaminar surgery, interlaminar foramen, interlaminar foramen height, 
interlaminar foramen morphology, lumbar disc herniation
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Introduction
Lumbar disc herniations (LDH) are among 
the leading causes of lower back pain, 
affecting around 1%–3% of the population 
each year.[1] A recent systematic review 
found disc bulges in 30% of individuals 
in their 20s and 84% among those in their 
eighties.[2] LDH resulted in an annual 
healthcare expenditure of over $100 billion 
in the United States.[1]

LDH was more common in L4‑5 and 
L5‑S1. Based on disc degeneration, is often 
caused by the rupture of the fibrous ring, 
due to acute and chronic injury, resulting 
in disc herniation. This is also an important 
cause of lateral recess stenosis. Most of 
the herniation of the intervertebral disc 
is combined with spinal stenosis.[3] LDH 
commonly leads to radiculopathy.[4] The 
fundamental surgical objective is to relieve 
this compression resulting from the 
herniation.[4] It is crucial to comprehend 
the most suitable surgical method for 

decompressing the nerve root and removing 
the disc fragment. Nevertheless, the 
available treatment choices differ and 
are primarily influenced by the surgeon’s 
preference.

In recent years, lumbar endoscopic 
discectomy has gained significant 
popularity. Technological advancements 
and improved surgical skills have led 
to enhanced surgical outcomes,[5‑7] thus 
motivating surgeons to broaden the 
scope of lumbar endoscopic discectomy 
applications.[8,9] The utilization of 
magnification and illumination systems 
through microscopes and endoscopes 
has revolutionized minimally invasive 
procedures. Existing literature indicates 
that various approaches yield similar 
high‑quality clinical results.[4]

Nevertheless, challenges persist in 
certain cases, such as L5‑S1 herniations, 
downward migrated herniations, and 
herniations situated medial to the 
lumbar pedicle.[10,11] To overcome these This is an open access journal, and articles are 
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hurdles, the surgical approach was adjusted to utilize 
the interlaminar foramen of the spine.[12] Initially, this 
method was primarily applied at the L5S1 level before 
being expanded to the L4‑5 level, and potentially to 
higher levels. Based on practical surgical experience, 
we believe that performing endoscopic herniated disc 
surgery through a larger lumbar interlaminar window 
is easier for the surgeon during the operation. Previous 
studies reported the morphology of the lumbar canal 
in various populations,[13‑15] but there was no study 
conducted on the Vietnamese population. Besides, no 
study figured out related factors to the anatomical 
characteristics of the interlaminar foramen, including 
sex, age, and body mass index (BMI) status. Therefore, 
we conducted this study to measure the indices of the 
interlaminar foramen at the L2‑3, L3‑4, L4‑5, and L5‑S1 
levels.

Subjects and Methods
Study design and participants

This cross‑sectional, descriptive study was conducted 
between August 2022 and February 2023 at the Spine 
Surgery Department of Viet Duc Hospital. The participants 
were selected using a convenience sampling method, with 
a total of 76 patients’ computed tomography (CT) scans 
included in the study.

Inclusion criteria

The inclusion criteria for the study participants were as follows:
•	 Age above 18 years
•	 Diagnosis of LDH with clinical signs of nerve root 

compression
•	 Central or lateral herniated disc visible on magnetic 

resonance imaging (MRI)
•	 Disc herniation at a lumbar spine level causing root 

pain, corroborated with MRI findings
•	 A minimum of 6 weeks of conservative treatment 

without symptomatic improvement.
•	 Availability of complete lumbar spine CT scans
•	 Undergoing endoscopic surgery for disc herniation via 

the interlaminar approach
•	 Consent to participate in the study.

Data collection

Radiological measurements were performed using a 32‑slice 
GE Optima CT660 SE system (GE Healthcare, Chicago, 
Illinois, USA), stored as DICOM files, and analyzed on a 
computer using Horos version 3.3.6 software.

Measurements

Radiographic measurements were conducted to determine 
the indices of the interlaminar foramina in adults at the 
L2‑3, L3‑4, L4‑5, and L5‑S1 levels.

For each level, 12 distinct indices were assessed on 
CT scanners, following the protocols delineated in the 

preceding research.[9] In an independent assessment, two 
experienced radiologists conducted measurements of 
indices derived from CT scans. The final result presented is 
the arithmetic mean of these independently obtained values.
•	 Transverse Interlaminar Diameter: This is quantified as 

the maximum diameter on the horizontal plane of the 
interlaminar foramen [Figure 1]

•	 Distance Between Transverse Interlaminar Diameter 
and Upper Endplate of the Lower Vertebra: This metric 
measures the space from the transverse interlaminar 
diameter to the upper endplate of the lower vertebra 
[Figure 1]

•	 Distance Between Transverse Interlaminar Diameter 
and Lower Endplate of the Upper Vertebra: This index 
quantifies the distance from the transverse interlaminar 
diameter to the lower endplate of the upper vertebra 
[Figure 2]

•	 Superior Interlaminar Foramen Angle: This angle 
is formed by the lower borders of the left and right 
laminar of the superior vertebra [Figure 3]

•	 Angle Between Lamina and Horizontal Line: This angle 
is assessed on both the left and right sides [Figure 3]

•	 Interlaminar Foramen Height: This measurement 
represents the distance between the transverse 
interlaminar diameter line and the superior interlaminar 
foramen angle [Figure 3]

• Interpedicular Distance: Defined as the distance between 
the most medial border of right and left pedicles [Figure 4].

Data analysis

Descriptive analysis was used to summarize demographic 
data and the dimensions of the interlaminar foramen. The 
Student’s t‑test was utilized for comparing the interlaminar 
foramen dimensions across different groups (such as 
by sex, age, height, and BMI) when the data followed a 
normal distribution. In cases of non‑normal distribution, 
the Mann–Whitney U‑test was employed. A P < 0.05 
determined statistical significance. All statistical analyses 
were conducted using STATA software (version 16.0, Stata 
Corp. LLC, College Station, TX, USA).

Results
Transverse interlaminar diameter

There was an increase in the transverse interlaminar 
diameter from 14.04 ± 2.24 mm at L2‑3 to 24.82 ± 3.41 mm 
at L5‑S1 [Table 1].

Our study demonstrated a progressive decrease in the 
transverse interlaminar diameter when ascending from 
the L5‑S1 to the L2‑3 levels. The diameter decreased 
substantially from 24.82 ± 3.41 mm at L5‑S1 to 
14.04 ± 2.24 mm at L2‑3. This tapering transverse 
dimension at the higher lumbar levels poses potential 
constraints for interlaminar endoscopic access and 
instrumentation. The study found that at the L2‑3 level, 
the transverse interlaminar diameter was influenced by a 
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person’s sex. At the L4‑5 level, age seemed to affect this 
diameter measurement. However, across all levels, there 
was no clear relationship between transverse diameter and 
a person’s BMI status.

Distance between transverse interlaminar diameter and 
upper endplate of lower vertebra

The distance between transverse interlaminar diameter and 
upper endplate of lower vertebra exhibited a decreasing 
trend from L2‑3 to L5‑S1 levels, both at midline and 
bilaterally. Negative values at L4‑5 and L5‑S1 indicate that 
the transverse interlaminar diameter was positioned below 
the upper endplate of the lower vertebra.

At L2‑3, this distance parameter is significantly associated 
with sex but not with age or BMI status. Conversely, at 
L4‑5, the association was significant with age but not with 

sex or BMI. Across levels L3‑4 and L5‑S1, no statistically 
significant relationships were observed with age, sex, or 
BMI for this measurement [Table 2].

Distance between transverse interlaminar diameter and 
lower endplate of upper vertebra

The distance between transverse interlaminar diameter 
and upper endplate of the Lower vertebra exhibited a 
decreasing trend from L2‑3 to L5‑S1 levels, both at 
midline and bilaterally. Negative values at L4‑5 and 
L5‑S1 indicate that the transverse inter‑laminar diameter 
was positioned below the upper endplate of the lower 
vertebra.

At L2‑3, this distance parameter is significantly associated 
with sex but not with age or BMI status. Conversely, at 
L4‑5, the association was significant with age but not with 
sex or BMI. Across levels L3‑4 and L5‑S1, no statistically 
significant relationships were observed with age, sex, or 
BMI for this measurement [Table 3].

Figure 2: (E) Distance Between Transverse Interlaminar Diameter and Lower 
Endplate of the Upper Vertebra on the left; (F) Distance Between Transverse 
Interlaminar Diameter and Lower Endplate of the Upper Vertebra in the 
midline; (G) Distance Between Transverse Interlaminar Diameter and Lower 
Endplate of the Upper Vertebra on the right

Figure 4: Interpedicular distance (b)

Figure 1: (A) Transverse Interlaminar Diameter; (B) Distance Between 
Transverse Interlaminar Diameter and Upper Endplate of the Lower Vertebra 
on the left; (C) Distance Between Transverse Interlaminar Diameter and 
Upper Endplate of the Lower Vertebra in the midline; (D) Distance Between 
Transverse Interlaminar Diameter and Upper Endplate of the Lower Vertebra 
on the right

Figure 3: (I) Superior Interlaminar Foramen Angle; (II) Angle Between Lamina 
and Horizontal Line on the left; (III) Angle Between Lamina and Horizontal 
Line on the right; (a) Interlaminar foramen height
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Superior interlaminar foramen angle

The superior interlaminar foramen angle exhibited a 
progressive increase from 46.96° at the L2‑3 level to 97.53° 
at the L5‑S1 level, indicating a more laterally expanded 
interlaminar foramen at the lower lumbar levels.

At the L2‑3 level, this angle demonstrated a significant 
association with age but not with sex or BMI status. The 
angle at the L4‑5 level exhibited a significant relationship 
with both age and BMI, but not sex. Across the remaining 
levels of L3‑4 and L5‑S1, no statistically significant 
associations were found between the superior interlaminar 
foramen angle and age, sex, or BMI factors [Table 4].

Angle between laminar and horizontal line

The angle between the lower border of the lamina and the 
horizontal line demonstrated a decreasing trend along the 
lumbar spine from the L2‑3 to the L5‑S1 level, suggesting 
a more horizontally oriented laminar morphology at the 
lower lumbar levels.

At the L2‑3 level, this angle exhibited a significant 
association with age but not with sex or BMI status. 
Conversely, at the L4‑5 level, the relationship was significant 
with both sex and BMI, but not with age. For the L3‑4 and 
L5‑S1 levels, no statistically significant correlations were 
observed between the angle between the lamina and the 
horizontal line, and age, sex, or BMI [Table 5].

Interlaminar foramen height

A progressive decrease in the interlaminar foramen height 
was noted from the L2‑3 to the L5‑S1 level, indicating a 

reduction in the vertical dimension of the interlaminar 
window at the lower lumbar levels.

At the L2‑3 level, the interlaminar foramen height 
demonstrated a significant relationship with sex but not 
with age or BMI status. However, at the L4‑5 level, this 
parameter was significantly associated with both age and 
BMI, while no such correlation was observed with sex. 
Across the L3‑4 and L5‑S1 levels, no statistically significant 
associations were found between the interlaminar foramen 
height and age, sex, or BMI factors [Table 6].

Interpedicular distance

The interpedicular distance, representing the horizontal 
diameter of the spinal canal, exhibited a progressive increase 
from the L2‑3 to the L5‑S1 level, suggesting a widening of 
the spinal canal in the lower lumbar regions.

At the L2‑3 level, the interpedicular distance is 
significantly associated with age but not with sex or BMI 
status. However, at the L4‑5 level, this parameter was 
significantly related to both sex and BMI, while no such 
correlation was observed with age. Across the L3‑4 and 
L5‑S1 levels, no statistically significant relationships were 
found between the interpedicular distance and age, sex, or 
BMI factors [Table 7].

Discussion
The transverse interlaminar line is representative of the 
horizontal dimension of the interlaminar foramen. Our 
findings indicate a gradual increase in this dimension 
from the L2‑3 to the L5‑S1 level. The average transverse 

Table 1: The transverse interlaminar diameter (mm) and associated factors (n=76)
n (%) L23 L34 L45 L5S1

Mean±SD P Mean±SD P Mean±SD P Mean±SD P
Total 76 (100) 14.043±2.24 16.509±2.75 20.32±3.39 24.82±3.41
Sex

Male 44 (57.89) 14.22±2.33 0.4 16.64±2.63 0.4 21.18±3.55 0.01 25.44±3.31 0.1
Female 32 (42.11) 13.80±2.12 16.32±2.95 19.14±2.79 23.96±3.42

Age
<40 21 (27.63) 13.47±2.43 0.4 16.58±2.77 0.6 20.16±3.43 0.9 24.61±3.85 0.6
40–49 24 (31.58) 14.62±1.82 17.10±2.86 20.72±3.47 24.35±3.49
50–59 25 (32.89) 13.95±2.10 16.03±2.80 20.09±3.26 25.06±3.02
≥60 6 (7.89) 14.05±3.48 15.88±2.07 20.23±4.19 26.37±3.32

Height (cm)
<155 8 (10.53) 14.19±2.31 0.6 17.18±4.53 0.1 19.25±3.09 0.1 23.54±1.78 0.1
155–159 22 (28.95) 14.04±2.20 16.19±2.32 19.52±2.79 24.75±3.88
160–164 14 (18.42) 13.99±2.26 15.98±1.82 19.66±2.48 23.16±2.99
165–169 19 (25.00) 14.30±2.58 17.45±2.78 22.49±4.40 26.60±3.71
170–174 10 (13.16) 13.11±1.97 14.95±2.34 19.29±2.21 24.96±1.92
≥175 3 (3.95) 15.33±0.83 18.80±2.51 21.83±3.35 24.63±3.64

BMI group
<18.5 3 (3.95) 13.46±2.33 0.1 14.20±3.86 0.4 18.73±1.36 0.8 24.37±2.51 0.1
18.5–22.9 39 (51.32) 14.61±2.48 16.67±2.29 20.55±3.67 25.65±3.73
23.0–24.9 22 (28.95) 13.56±1.90 16.60±3.41 20.11±3.34 23.54±2.42
≥25 12 (15.79) 13.20±1.61 16.38±2.66 20.37±3.01 24.57±3.62

SD: Standard deviation, BMI: Body mass index
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dimension of the interlaminar foramen at the L3‑4 level 
exceeded 15 mm, and it surpassed 20 mm at the L4‑5 
and L5‑S1 levels. The L2‑3 level was the only exception 
with a dimension <15 mm, consistent with the findings 

of Zakir Sakci.[14] A larger horizontal diameter of the 
interlaminar foramen facilitates the insertion of the 
endoscope system’s working tube and reduces the need 
for foramen expansion using a drill. This is especially 

Table 4: Superior interlaminar foramen angle and associated factors (n=76)
L23 L34 L45 L5S1

Mean±SD P Mean±SD P Mean±SD P Mean±SD P
Total 46.96±11.30 55.40±14.82 73.92±14.22 97.53±17.94
Sex

Male 46.26±10.77 0.5 53.80±11.90 0.6 74.17±15.12 1 97.98±20.83 0.6
Female 47.93±12.10 57.62±18.05 73.57±13.11 96.91±13.29

Age
<40 47.10±9.31 0.3 58.27±17.69 0.1 74.94±13.76 0.6 102.93±15.10 0.3
40–49 49.56±11.90 57.13±15.32 76.99±17.10 93.50±22.50
50–59 45.06±11.64 54.07±12.01 71.25±12.48 98.15±15.84
≥60 44.05±14.34 44.00±7.48 69.15±8.46 92.12±12.13

Height (cm)
<155 50.70±15.47 0.7 61.85±14.22 0.4 78.11±12.49 0.3 90.47±10.31 0.3
155–159 46.14±10.98 57.25±19.70 72.56±13.67 98.00±22.28
160–164 49.19±10.43 53.16±9.51 68.52±9.23 94.57±18.07
165–169 45.69±10.44 54.85±14.51 78.55±16.63 103.24±17.22
170–174 43.84±11.04 48.87±9.17 69.01±14.52 94.46±14.45
≥175 51.13±16.14 60.43±9.87 84.90±16.86 100.80±11.15

BMI group
<18.5 49.03±17.32 0.9 55.00±14.58 0.4 68.90±18.70 0.6 84.63±15.66 0.2
18.5–22.9 47.75±11.96 57.84±16.28 75.62±14.93 100.26±21.80
23.0–24.9 45.07±8.21 52.22±11.51 70.51±11.75 95.56±12.73
≥25 47.34±13.50 53.43±15.64 75.89±15.40 95.48±10.74

SD: Standard deviation, BMI: Body mass index

Table 5: Angle between lamina and horizontal line (°) and associated factors (n=76)
L23 L34 L45 L5S1

Left Right Left Right Left Right Left Right
Total 65.03±9.20 65.25±9.69 60.21±10.73 60.84±8.30 57.39±39.11 52.23±8.44 43.44±10.20 42.42±10.13
Sex

Male 65.34±8.08 65.66±8.70 57.98±11.83 59.65±8.16 52.65±8.76 51.96±8.42 43.08±10.56 41.35±10.75
Female 64.61±10.68 64.69±11.02 63.28±8.23* 62.46±8.35 63.91±59.31 52.61±8.58 43.92±9.84 43.86±9.20

Age
<40 64.07±5.91 65.20±2.27 60.69±7.08 60.76±7.00 51.83±6.78 50.53±6.45 39.37±9.91 38.80±9.56
40–49 65.99±8.69 66.93±9.81 57.53±15.69 61.48±9.93 66.75±68.76 52.16±10.56 43.71±10.66 42.55±11.11
50–59 65.02±12.24 63.74±11.47 60.87±7.26 59.08±7.87 54.04±7.78 53.30±7.48 44.79±9.00 44.10±8.94
≥60 64.63±7.50 65.02±9.85 66.50±7.53 65.87±6.29 53.43±9.75 54.05±10.34 50.93±10.54 48.52±10.95

Height (cm)
<155 61.99±16.52 60.45±14.10 59.47±7.70 57.50±8.59 51.80±8.69 51.03±7.84 52.04±8.54* 49.71±10.57
155–159 65.50±8.23 66.95±9.63 64.46±8.48 64.29±8.03 69.26±71.23 53.14±9.63 40.41±8.51 41.05±7.51
160–164 60.67±9.84 59.96±10.06 59.30±6.60 59.09±7.51 53.94±7.17 53.78±6.37 42.54±9.11 42.59±9.25
165–169 66.82±6.56 67.61±7.37 57.56±15.92 60.92±8.11 51.42±9.87 50.82±9.43 41.46±12.12 40.11±13.02
170–174 69.15±6.24 69.15±7.07 59.60±8.87 59.62±8.75 52.99±9.10 51.00±8.90 49.40±8.10 45.63±7.97
≥175 65.03±5.59 62.40±4.00 54.10±10.28 56.07±10.35 53.83±3.61 54.27±2.72 39.53±9.49 37.13±10.27

BMI group
<18.5 68.97±10.02 66.97±8.91 59.67±7.60 58.37±5.79 57.20±0.69 55.47±1.40 49.07±5.69 47.17±5.42
18.5–22.9 64.98±10.47 65.21±10.68 61.34±8.01 61.10±9.41 60.83±54.26 52.44±8.93 42.13±10.70 41.48±10.52
23.0–24.9 63.68±7.36 64.21±8.29 61.65±8.19 61.54±6.86 55.14±6.19 53.50±7.06 43.82±10.47 43.16±10.90
≥25 66.70±8.14 66.88±9.73 54.06±19.36 59.29±7.92 50.39±8.82 48.11±9.66 45.58±8.90 42.95±8.71

*P<0.05. BMI: Body mass index
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significant when compared to the average outer diameter 
of the second‑generation endoscope system, reported as 
7.9 mm.[16]

Simultaneously, the position of the transverse interlaminar 
line relative to the disc varied across levels. At the L4‑5 
and L5‑S1 levels, the line was located below the disc, 

Table 6: Interlaminar foramen height (mm) and associated factors (n=76)
L23 L34 L45 L5S1

Mean±SD P Mean±SD P Mean±SD P Mean±SD P
Total 9.43±1.95 9.16±1.72 9.05±1.87 8.79±2.38
Sex

Male 9.57±1.86 0.3 9.17±1.78 0.9 9.04±2.03 1 8.66±1.98 0.7
Female 9.24±2.08 9.13±1.67 9.06±1.65 8.97±2.85

Age
<40 9.47±2.81 0.1 8.82±1.78 0.6 8.74±2.12 0.8 8.50±3.39 0.2
40–49 9.89±1.42 9.50±1.85 9.27±1.85 9.11±1.96
50–59 9.16±1.44 9.11±1.45 9.17±1.67 9.00±1.66
≥60 8.62±1.98 9.12±2.23 8.78±2.08 7.76±1.09

Height (cm)
<155 10.28±2.35 0.4 9.19±1.64 0.3 9.74±1.41 0.1 10.11±2.07 0.02
155–159 8.97±1.97 9.07±1.67 8.78±1.52 8.38±2.94
160–164 9.48±1.11 9.31±1.29 9.56±2.28 9.42±1.96
165–169 9.25±1.52 9.07±2.25 8.62±2.11 8.09±2.03
170–174 9.12±0.98 8.61±1.01 8.58±1.32 8.26±1.83
≥175 12.60±5.29 11.33±1.58 11.17±1.95 10.67±2.30

BMI group
<18.5 9.10±1.55 1 10.00±2.46 0.6 9.00±1.68 1 10.10±0.00 0.4
18.5–22.9 9.14±1.54 8.93±1.53 9.01±1.72 8.45±2.52
23.0–24.9 9.93±2.66 9.50±2.04 9.20±2.08 9.45±2.36
≥25 9.54±1.69 9.04±1.56 8.93±2.18 8.67±1.79

SD: Standard deviation, BMI: Body mass index

Table 7: Interpedicular distance (mm) and associated factors (n=76)
L23 L34 L45 L5S1

Mean±SD P Mean±SD P Mean±SD P Mean±SD P
Total 18.30±3.18 20.63±3.09 24.41±3.46 29.36±3.22
Sex

Male 18.38±3.24 0.8 20.85±2.91 0.3 25.42±3.51 0.0023 30.07±2.72 0.02
Female 18.20±3.14 20.33±3.35 23.02±2.91 28.39±3.61

Age
<40 17.82±3.49 0.5 20.54±3.01 0.8 24.31±3.33 1 28.95±3.41 0.7
40–49 19.10±3.32 20.97±3.46 24.56±3.14 29.18±2.73
50–59 18.09±2.59 20.63±2.99 24.31±3.59 29.57±3.13
≥60 17.67±3.89 19.58±2.68 24.58±5.22 30.63±4.93

Height (cm)
<155 19.26±4.87 0.4 21.23±5.32 0.03 23.04±1.72 0.0028 28.23±2.19 0.05
155–159 18.23±2.37 20.22±2.48 23.51±3.18 29.29±3.72
160–164 17.84±2.42 20.18±2.54 23.53±2.55 27.88±3.56
165–169 19.22±3.03 21.64±2.07 27.08±3.93 31.10±2.51
170–174 16.65±1.97 18.50±2.65 23.19±2.84 28.66±2.38
≥175 18.13±8.42 24.80±4.36 25.93±3.71 31.13±2.28

BMI group
<18.5 19.23±5.55 0.6 20.60±7.13 0.9 23.37±2.11 0.9 30.53±2.59 0.3
18.5–22.9 18.65±2.42 20.62±2.49 24.50±3.46 29.89±3.51
23.0–24.9 18.04±4.32 20.74±3.71 24.15±3.91 28.44±2.82
≥25 17.43±2.39 20.45±2.84 24.86±3.09 29.04±2.92

SD: Standard deviation, BMI: Body mass index
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whereas at the L2‑3 and L3‑4 levels, it was above the disc. 
This relationship was further elucidated by measuring the 
distance between this line and the inferior endplate of the 
superior vertebra and the superior endplate of the inferior 
vertebra.[17] Notably, as the lumbar spine descends to the 
lower levels, this distance decreases, reaching a negative 
value at the L4‑5 and L5‑S1 levels (indicating that the 
transverse interlaminar line is below the disc), which aligns 
with the findings of Sakci.[14] Given that most LDHs occur 
at the nerve root’s shoulder, the herniated discs will be 
positioned on the outer upper side of the corresponding 
nerve root. Consequently, a transverse interlaminar line 
positioned lower relative to the disc facilitates access 
to the herniated mass via the upward expansion of the 
interlaminar foramen.[18]

In addition to the horizontal diameter, the vertical diameter, 
denoted by the height of the interlaminar foramen in our 
study, is paramount in endoscopic surgery. The height of 
the interlaminar foramen increases as we ascend along the 
spinal column. However, at lower levels such as L4‑5 and 
L5‑S1, adjustments to the patient’s posture can influence 
the vertical diameter of the interlaminar window, with a 
bent‑back posture increasing and an arched‑back posture 
decreasing the vertical diameter.[19] This is a significant 
consideration when undertaking endoscopic surgery at the 
lower L4‑5 and L5‑S1 levels, especially in cases of axillary 
position herniated discs, where the herniated mass is below 
the transverse interlaminar line.

To describe the morphology of the interlaminar foramen, 
we measured and analyzed the angles of the interlaminar 
foramen. The findings reveal that, as we descend, the 
interlaminar foramen tends to widen laterally, as indicated 
by the increasing superior interlaminar angle and 
decreasing bilateral interlaminar angle.[20] This implies that 
at lower levels, including L4‑5 and L5‑S1, the interlaminar 
foramen expands laterally, thereby facilitating easier access 
to the lateral recess compared to the upper levels.[21] This 
observation is critically important during the planning and 
execution of endoscopic surgery.

The interpedicular distance represents the horizontal 
diameter of the spinal canal, which progressively increases 
from L2‑3 to L5‑S1. A larger interpedicular distance 
enhances the mobility of the nerve roots. When juxtaposed 
with the corresponding interlaminar foramen’s horizontal 
diameter, it is observed that the interlaminar foramen is 
relatively wider than the spinal canal at lower levels. This 
factor underscores the ability to approach the lateral recess 
during endoscopic surgery at the L4‑5 and L5‑S1 levels 
compared to the upper levels.

The results derived from the aforementioned indices reveal 
a notable trend along the lumbar spine: as we descend, 
the interlaminar foramen tends to broaden and expand 
bilaterally, and its positioning becomes lower relative to the 
intervertebral disc.

Conclusions
The morphology of the interlaminar foramen undergoes 
a transformation from a vertically elongated shape to 
a laterally expanded form as one descends along the 
lumbar spine. This transformation is characterized by 
an increase in the transverse diameter, a decrease in the 
vertical height, and a progressive lateral expansion of 
the interlaminar window at lower lumbar levels. These 
morphological changes should be considered during 
the planning and execution of interlaminar endoscopic 
discectomy procedures to facilitate optimal access and 
instrumentation.
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Abstract
Background: A lot of variations have been analyzed in the case of the left coronary 
artery (LCA) which makes it a leading cause of death globally. Therefore, awareness of normal 
and variant anatomy of this artery in relation to its main trunk and branches is the key to 
physicians, cardiologists, and radiologists in the management of various cardiac pathologies. 
Materials and Methods: Eighty embalmed and formalin‑fixed adult human cadaveric hearts of 
both genders with no history or signs of pathology were dissected meticulously during educational 
hours. Results and Conclusion: Among 80 hearts studied, 71 hearts left coronary ostia were located 
below the sinotubular junction. The mean distance of left coronary ostia from the supravalvular 
ridge lying above and below was 2.93 ± 0.39 mm and 2.72 ± 0.92 mm, respectively. The mean 
diameter of the left coronary ostium was 3.67 ± 0.94 mm. The mean length and diameter of the LCA 
main trunk (LCAMT) were 13.06 ± 2.42 mm and 4.93 ± 0.60 mm, respectively. The most common 
branching pattern of LCAMT was bifurcation. The most frequent range of length of left anterior 
descending (LAD) and circumflex (Cx) artery was 10–12 cm and 6.5–8 cm, respectively. The most 
common termination point of LAD was at the anterior one‑third part of posterior interventricular 
sulcus and for Cx artery was between the crux and obtuse border of the heart. Right coronary 
dominance was the most common.

Keywords: Circumflex artery, left anterior descending artery, left coronary artery, sinotubular 
junction, supravalvular ridge
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Introduction
The two coronary arteries arising from 
the ascending aorta supply to the heart 
in humans. They are the ones where 
blood flows in diastole. The left coronary 
artery (LCA), larger in caliber provides 
blood flow to the major portion of the 
heart.[1] The origin, number, location, 
and size of the ostium are very prime 
in the successful execution of cardiac 
interventional procedures.[2] The length 
of the LCA main trunk (LCAMT) may 
affect the placement of atherosclerotic 
stenosis. Short LCAMT may cause 
atherosclerosis at the initial parts of 
the left anterior descending (LAD) 
artery and circumflex (Cx) artery. These 
atherosclerotic lesions appear earlier, 
progress faster, and lead more frequently 
to myocardial infarction than in cases 
with a long LCAMT.[3] The most frequent 
branching pattern of LCA is bifurcation. 
Variations in branching patterns may cause 

technical complexity during coronary 
catheterization and stenting.[3] The artery 
contributing posterior interventricular 
artery determines cardiac dominance. 
Most frequently right dominance is 
found. The probability of generating 
collaterals may be lower in patients with 
left coronary dominance.[3] Transthoracic 
echocardiography is the most commonly 
used imaging method[4] and can also 
identify anomalous coronary arteries in 
young individuals. The understanding of the 
morphological and anatomical variations of 
LCA allows physicians and cardiologists to 
diagnose and treat congenital and acquired 
heart disease. For thoracic surgeons, it is 
important to keep the variations of LCA in 
mind while executing surgical procedures.

Materials and Methods
Materials

The study comprised 80 properly 
embalmed and formalin‑fixed adult human 
cadaveric hearts of both genders with no 
history of pathology or signs of trauma. 
These hearts were obtained from the 
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Anatomy Department of B. J. Medical College and also 
from anatomy departments of various medical colleges of 
Ahmedabad, Gujarat. These colleges receive human body 
donations from different regions of Gujarat. The present 
work was conducted with the aim to study LCA and its 
variations. Ethical clearance from the institutional ethical 
committee was obtained with Registration No.ECR/72/Inst/
GJ/2013/RR‑2019. The study was done with the help of the 
following materials: scalpel with blade, forceps (pointed 
forceps, tooth forceps, and blunt forceps), scissors, digital 
vernier caliper, scale and thread, and high‑resolution 
mobile camera.

Methods

The dissection was done step by step during educational 
dissection hours according to Cunningham’s manual.[5] The 
heart was exposed and removed from the thoracic cavity. 
The parietal pericardium was stripped off from the surface 
of the heart, and the fat was removed. Each specimen 
was thoroughly washed with tap water to remove the 
blood clots. The course of the LCA and its branches were 
analyzed grossly by cleaning and dissection method from 
origin to its termination for any variation. The observations 
of LCA were made in reference to its origin, number, 
location of ostium, and distance of ostium with respect 
to the supravalvular ridge. The right coronary artery was 
dissected and traced along its course. On the diaphragmatic 
surface, the arteries lying in the posterior interventricular 
sulcus (PIS) were finely dissected and noted. Photographs 
of specimens showing normal and variant anatomy of LCA 
were taken with a high‑resolution mobile camera. At the 
end, the data were collected, analyzed, and compared with 
the available data.

Results
The LCA originated from the left posterior aortic sinus in 
all cases from a single ostium. Although the presence of 
two ostia was an occasional finding seen in one heart for 

LAD and Cx artery [Figure 1]. The most common location 
of the left coronary ostium (LCO) in aortic sinus was below 
the sinotubular junction (STJ). Out of 80 hearts studied, 
in 71 hearts (88.75%) LCO was located below STJ, in 5 
hearts (6.25%) at the STJ [Figure 2], and 4 hearts (5%) above 
the STJ. The mean distance of LCO from the supravalvular 
ridge lying above and below was 2.93 ± 0.39 mm and 
2.72 ± 0.92 mm, respectively. The mean diameter of LCO 
was 3.67 ± 0.94 mm. The most common branching pattern 
of LCA was bifurcation in 45 hearts (56.25%). LCA with 
trifurcation and quadrifurcation in 24 (30%) and 10 (12.5%) 
hearts, respectively. The least common branching pattern 
was pentafurcation in 1 heart (1.25%) [Figure 3].

The mean length and diameter of LCAMT were 
13.06 ± 2.42 mm and 4.93 ± 0.60 mm, respectively. The 
most frequent range of length of the LAD artery was 
10–12 cm in 47 hearts (58.75%), followed by the range of 
12–14 cm in 24 hearts (30%). Only 9 hearts (11.25%) were 
having a range of length between 8 and 10 cm. The most 
frequent range of length of the Cx artery was 6.5–8 cm in 
57 hearts (71.25%), followed by the range of 5–6.5 cm in 
13 hearts (16.25%). Only 10 hearts (12.5%) were having the 
range varying from 8 to 9.5 cm. The point of termination of 
the LAD artery was at anterior to apex in 20 hearts (25%); 
at apex in none of the hearts (0%), at anterior one‑third 
part of PIS in 44 hearts (55%); at middle one‑third part of 
PIS in 12 hearts (15%), and at posterior one‑third part of 
PIS in only 4 hearts (5%) [Figure 4]. None of the heart 
was noted with hyperdominant LAD artery. The point of 
termination of the Cx artery was at obtuse border in 21 
hearts (26.25%); between the crux and obtuse border in 
50 hearts (62.5%); at PIS in 9 hearts (11.25%) [Figure 5]. 
None of the heart was noted with the termination point of 
the Cx artery either before the obtuse border or at the crux 
of the heart. The most common coronary dominance pattern 
was right dominance in 71 hearts (88.75%), followed by 
left dominance noted in 9 hearts (11.25%).

Figure 1: Double left coronary ostia. *Aorta. *Double ostia
Figure 2: Left coronary ostium at supravalvular ridge (SVR). *Aorta. *SVR. 
*left coronary ostium



Bhardwaj, et al.: Variations of left coronary artery

Journal of the Anatomical Society of India ¦ Volume 73 ¦ Issue 3 ¦ July-September 2024 261

Discussion
The origin of coronaries shows great variability.[5] An 
accessory origin of the coronary opening may derail in 
making an aortotomy incision for aortic exposure, in root 
replacement surgery, or direct delivery of cardioplegic 

solution through the coronary orifices.[6] In the current 
study, no variation was seen in relation to the origin of 
LCA. The presence of two ostia seen in one heart (1.25%) 
was an occasional finding. The tubular location of the 
ostium may put disturbance in cardiac catheterization for 
angiographic procedures.[7] In the present study, the most 
common LCO location was below the STJ. Dhobale 
et al.[3] and Kulkarni and Paranjpe[7] observed LCO most 
commonly placed at the STJ in 75.33% and 52.2% of cases, 
respectively. Whereas Cavalcanti et al.,[8] Pejković et al.,[9] 
Sirikonda and Sreelatha,[6] and Roy et al.[10] found hearts 
with LCO located above the STJ in 40%, 60%, 36%, and 
34% of cases, respectively. The observations suggest that 
positioning of the ostium within the sinus is functionally 
advantageous.[11] The possible clinical drawback of the 
high origin of the coronary openings lying above the 
supravalvular ridge is myocardial ischemia and sudden 
death [Table 1].[12]

Size of the coronary ostia plays remarkable role in the ease 
of cannulation in various cardiac procedures.[13] The mean 
diameter of LCO in the present study was very similar to 
the result of Ballesteros and Ramirez [Table 2].[14]

The LCAMT <5 mm is considered short and when it is 
more than 15 mm, it is regarded as long.[15] Variation in 
the length of LCAMT is very important during coronary 
angiography and for the cannulae used in myocardial 
perfusion during aortic valve surgery. The shortest length 
was 5.64 mm, which is more than the minimum lengths 
observed in the study of Kalpana,[16] Fiss,[17] Dombe 
et al.,[18] Bhele et al.,[15] and Dhobale et al.[3] The maximum 
length of LCAMT in this study was 21.24 mm which 
coincides with the study of Roy et al.[10] The diameter of 
LCAMT is significant in assessing the scope and severity of 
dilatation in cases of coronary aneurysm, calcification, and 
stenosis.[7] The mean diameter of LCAMT in the present 
study coincides with the study of Dombe et al. [Table 3].[18]

There is a great difference in the branching pattern of 
LCAMT in the normal population.[7] As per many studies, 
the most common branching pattern of LCA was bifurcation 
into LAD and Cx arteries, followed by trifurcation and 
quadrifurcation. The least common branching pattern was 

Figure 3: Branching pattern of left coronary artery main trunk (*). Left ‑ trifurcation, middle ‑ quadrifurcation, right ‑ pentafurcation. Left anterior descending (*), 
Circumflex (*), Diagonal artery. DA 1‑*, DA 2‑*, DA 3‑*

Figure 4: Left anterior descending artery termination point at posterior 
1/3rd part of posterior interventricular sulcus on diaphragmatic surface. *Left 
anterior descending artery, *Termination point, *Posterior interventricular 
sulcus

Figure 5: Circumflex (*) artery termination at posterior interventricular 
sulcus (*) as posterior interventricular artery (*) on diaphragmatic surface
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pentafurcation. A thorough knowledge of the trifurcation 
pattern is vital while doing stenting as it is a challenging 
and tedious percutaneous procedure.[19]

In the present study, the range of length LAD and Cx artery 
concurs with the observations of the past studies [Table 4]. 
In left coronary dominance, the LAD artery is usually 
long wrapping around the apex of the heart giving a major 
portion of the myocardium, and angiographic procedures in 
such cases have great clinical significance.[20] The number 
of posterior branches of the Cx artery is variable which 
depends on the length of the Cx artery.[14] Most of the 
authors analyzed that the LAD artery terminated at the PIS. 
In PIS, the LAD artery most commonly ended at anterior 

one‑third part of the sulcus. Mallashetty and Bhosale[21] and 
Alam[2] have reported the incidence of the termination point 
of LAD at apex in 50% and 68% of hearts, respectively. 
The results of the current study match with the majority of 
authors [Table 5]. For the proper clarification of coronary 
angiographies and surgical myocardial revascularization, 
the disparity in the termination of the LAD artery 
is significant.[17] The variation in the termination of 
the Cx artery is very frequent.[22] Among most of the 
studies done, the Cx artery terminated between the crux 
and obtuse border. The data of present study are very 
close to Kalpana et al.,[16] Mallashetty and Itagi,[23] and 
Lakshmiprabha et al.[22] for the termination of the Cx 
artery between the crux and obtuse border of the heart 
seen in 67%, 60%, and 60% of specimens, respectively. 
Termination of the Cx artery before the obtuse border of 
the heart was observed only by Mallashetty and Itagi[23] 
in 6.6% of specimens. The termination of the Cx artery 
either before the obtuse border or at the crux of the heart 
was not seen in any case [Table 6]. In the present study, 
right dominant circulation was the most common which 
matches with the majority of previous studies. No case 
of codominance was observed in the present study. In left 
coronary dominant individuals, obstruction of LCA may 
produce a massive infarct with output failure of the heart.[3]

Table 2: Comparison of diameter of ostia of left coronary artery among various studies
Authors Year Mean diameter of left coronary Ostia (mm)
Cavalcanti et al.[8] 2003 4.25±0.24
Ballesteros and Ramirez[14] 2008 3.77±0.61
Dombe et al.[18] 2012 3.3±0.57
Kulkarni and Paranjpe[7] 2015 2.8±1
Dakhane Prafulla and Patil Tushar[13] 2018 3.31±0.52
Present study 2020 3.67±0.94

Table 1: Comparison of range of distance and mean distance of ostia from supravalvular ridge lying above and below 
among various studies

Author Year Range of distance of Ostia from supravalvular ridge 
lying above and below (mm)

Mean distance 
from supravalvular 

ridge (mm)Above Below
Pejković et al.[9] 2008 0.2–10 0.5–2 ‑
Dakhane Prafulla and Patil Tushar[13] 2018 ‑ ‑ 1.4
Present study 2020 2.54–3.42 1.24–4.24 2.72

Table 3: Comparison of length and diameter of left coronary artery main trunk reported in different studies
Author Year Range of length 

of LCAMT (mm)
Mean length of 
LCAMT (mm)

Range of diameter 
of LCAMT (mm)

Mean diameter of 
LCAMT (mm)

Ballesteros and Ramirez[14] 2008 ‑ 6.48±2.57 ‑ 3.58±0.59
Dombe et al.[18] 2012 4–20 11.2±3.6 3–6.8 4.64±1.03
Roy et al.[10] 2014 5–21.5 11.42±4.98 ‑ ‑
Reddy and Pusala[24] 2016 15–25 ‑ 2–6 ‑
Dhobale et al.[3] 2018 4–22 11.66±3.52 ‑ 5.02±1.03
Present study 2020 5.64–21.24 13.06±2.42 2.5–8.5 4.93±0.60
LCAMT: Left coronary artery main trunk

Table 4: Comparison of length of left anterior 
descending artery and circumflex artery in various 

studies
Author Year Range of 

length of LAD 
artery (cm)

Range of 
length of Cx 
artery (cm)

Waller and Schlant[25] 1995 10–13 6–8
Bhele et al.[15] 2015 ‑ 3–11
Reddy and Pusala[24] 2016 12–14.5 6–8
Present study 2020 8–14 5–9.5
LAD: Left anterior descending, Cx: Circumflex
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Table 6: Comparison of point of termination of circumflex artery in various studies
Author Before obtuse 

border (%)
At obtuse 

border (%)
Between crux and obtuse 

border of heart (%)
At 

crux (%)
At 

PIS (%)
Kalpana[16] ‑ 13 67 6 ‑
Ballesteros and Ramirez[14] ‑ 25.3 58.4 9.1 5.2
Mallashetty and Itagi[23] 6.6 ‑ 60 26.6 ‑
Lakshmiprabha et al.[22] ‑ 4 60 ‑ 29
Present study ‑ 26.25 62.5 ‑ 11.25
PIS: Posterior interventricular sulcus

Table 5: Comparison of point of termination of left anterior descending artery among various studies
Author Anterior to 

apex (%)
Apex 
(%)

Posterior intervetricular sulcus
Anterior 1/3rd part (%) Middle 1/3rd part (%) Posterior 1/3rd part (%)

Kalpana[16] 8 12 80 ‑ ‑
Ballesteros and Ramirez[14] 1.3 27.3 63.6 4 3.3
Present study 25 ‑ 55 15 5

Conclusion
The results of the current study may be used as a reference 
guide for future studies about LCA and its branches as 
well as for surgical and radiological interventions. When 
the LCO was located above the supravalvular ridge, its 
distance from the ridge was found more than the distance 
of the ostium lying below the ridge. Large ostium 
diameter was associated with a large diameter of LCAMT. 
Although the most common branching pattern of LCA 
was bifurcation, LCA with trifurcation, quadrifurcation, 
and pentafurcation are common. The length of the 
LCAMT was found to be shorter than normal in the right 
dominance of the heart. The length of the LCAMT did 
not show any correlation with the diameter of LCA or the 
lengths of its two terminal branches. The length of the 
LAD artery was more than the length of the Cx artery in 
all cases. The length of the LAD artery terminating earlier 
anterior to apex could be longer in length. Similarly, 
the LAD artery after running a long course terminating 
into posterior one‑third part of the PIS could be shorter 
in length. The length of the Cx artery was more than 
its normal range in hearts with left dominance. The left 
dominance pattern was frequently associated with a 
bifurcation pattern.
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Abstract
Aim: The nose, both anatomically and esthetically, is a central feature of the human face. This study 
aims to morphometrically investigate the nasal structure with septal deviation in young adults and 
examine its correlation with 2:4 digit ratio. Materials and Methods: The study was conducted 
on 194 volunteers (female: 100 and male: 94), aged 18–25 years, studying at Yıldırım Beyazıt 
University Faculty of Medicine, Ankara. Volunteers with nasal septum deviation were included in the 
study. Initially, participants’ height and weight measurements were taken, followed by morphometric 
measurements of the nasal and hand regions by the same researcher. Body mass index (BMI) was 
also calculated. Subsequently, the volunteers were divided into eight age groups for age and four for 
BMI. The data were analyzed using the Student’s t‑test for normally distributed continuous variables 
and the Mann–Whitney U‑test for ordinal or nonnormally distributed continuous variables. P < 0.05 
was considered statistically significant. Results: Initially, the averages and standard deviations of 
parametric data taken from the nose and hand according to gender, age, and BMI were calculated. 
Then, the nasal and hand parameters were statistically evaluated according to gender, age, and 
BMI. The correlation between nasal parameters and the 2:4 digit ratio was also examined. The 
evaluation revealed statistically significant differences and correlation relationships between the 
parameters (P < 0.05). Conclusion: The data obtained from our study will assist clinicians involved 
in evaluating nasal development, determining gender in forensic medicine, diagnosing and treating 
pathologies related to the nose, describing anatomical points in surgical procedures applied to this 
region, and planning these surgical procedures.

Keywords: 2:4 digit ratio, hand, morphometry, nasal septum deviation, nose
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Introduction
Facial development begins at the end of 
the 4th week of the embryonic period. 
In humans, testosterone levels affect 
both the hand and face, leading to 
broader and more pronounced structures 
such as cheeks, nose, and chin due to 
testosterone.[1] Developmentally, one of the 
structures contributing to the formation 
of the palate is the nasal septum.[2] The 
nasal cavity, or cavitas nasi, consists of 
two similar cavities separated by the nasal 
septum, septum nasi, which has four walls: 
superior, inferior, inner, and outer. The 
inner wall is formed by the septum nasi, 
composed of bony part, cartilaginous part, 
and membranous part. The bony part at 
the back is formed by the vomer and the 
perpendicular plate of the ethmoid bone. 
The cartilaginous part in front is made up 
of septal nasal cartilage. The membranous 

part is the mucosa covering the bones and 
cartilages of the nasal cavity.[3] It is noted 
that the position and structural features of 
the nasal septum influence and regulate 
airflow in the nose. It is even suggested that 
the nasal septum, due to its influence on 
nasal physiology akin to that of the inferior 
concha, is referred to as the septal concha. 
In addition, in patients with nasal septal 
deviation, hypertrophy on the opposite side 
of the deviation in the inferior concha is 
noted.[4]

The nose, anatomically and esthetically, 
is a central feature of the human face. 
Diseases related to the nose can arise 
from congenital, developmental, and 
acquired causes. Moreover, malformations 
related to the nose are emphasized as 
significantly impactful on an individual’s 
future well‑being. Nasal septum deviation 
is mentioned to occur due to developmental 
reasons during the embryonic period, 
infections during pregnancy affecting the 
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mother, or traumas during birth affecting the elastic septum 
or developmental anomalies in skeletal growth. It is also 
highlighted that deviations can occur in either the bony or 
cartilaginous part of the nasal septum.[5] Hartman et al.’s[6] 
study indicates that during development, the nose and 
nasal septum cartilage exert a morphogenetic effect on the 
facial skeleton, serving as a growth center for the face. The 
mechanical forces produced by the nasal septum are thought 
to facilitate the separation of facial sutures. It is also 
stated that the nasal septum acts like a growth plate due to 
expansion resulting from endochondral ossification along 
the perpendicular plate of the ethmoid bone. The same 
study mentions that skeletal and dental asymmetries could 
potentially be significant consequences of deviated growth 
of the nasal septum.[6] Nasal septum deviation is suggested 
to exert pressure on the maxilla, leading to elevation in the 
floor of the nasal cavity and flawed development of the 
palate.[5] Furthermore, the nasal septum plays a crucial role 
in the normal and abnormal growth of the human face and 
in the morphological variations of the face.[6]

During the intrauterine period around weeks 21–24, hand 
development occurs. Previous studies have demonstrated a 
relationship between bone development and hormones, with 
evidence suggesting that in males, the fourth digit is longer 
than the second, whereas in females, the second digit tends 
to be longer than the fourth. This difference is primarily 
attributed to higher prenatal testosterone concentrations in 
males.[7]

Past study results indicate a relationship between the 
2:4 digit ratio and other body regions, with a significant 
correlation between the 2:4 digit ratio and facial and 
nasal regions.[1,8] While the nose structure is one of the 
facial organs proven to be linked with the 2:4 digit ratio, 
information on the correlation between nasal parameters 
and the 2:4 digit ratio remains limited.[8] In previous 
studies, it is stated that some parameters are determined 
for measurement objectivity while examining nasal 
anthropometry, and the distances forming the nasal 
morphology are measured using these parameters. It has 
been suggested that an increased 2:4 digit ratio corresponds 
to a narrower, smaller, and more “feminine” nose structure, 
whereas a decreased ratio is associated with a more 
“masculine” nose structure.[9]

There is a significant relationship between genes and 
transcription factors involved in the development of the 
face and hands. The growth of frontonasal, maxillary, 
and mandibular prominences in facial shaping, like the 
development of limb buds, depends on mesenchymal–
ectodermal interaction. HOX gene family, coding for 
transcription factors with crucial roles in developmental 
processes, plays significant roles in both hand and nasal 
embryology.[10]

Upon reviewing previous studies, we did not encounter any 
research that morphometrically investigates the nasal septum 

deviation in the nasal structure of adolescents and compares it 
with the 2:4 digit ratio. Our study aimed to morphometrically 
investigate the nasal structure with septum deviation in young 
adults and explore its correlation with the 2:4 digit ratio.

Materials and Methods
The study was conducted between June 1, 2023, and 
July 31, 2023, on 194 volunteers (female: 100 and male: 
94) aged between 18 and 25 years (mean: 20.96 ± 1.69) 
studying at Ankara Yıldırım Beyazıt University Faculty 
of Medicine. The condition for nasal septum deviation 
was identified as the nasal septum or columella structure 
not being exactly in the midline when viewed from the 
outside [Figure 1]. Based on this criterion, only volunteers 
with nasal septum deviation were included in the study. 
Those with normal nasal septum structure, those who had 
undergone surgery on their nose or hand, or those with any 
anomalies in their hand or nose were excluded from the 
study. Initially, volunteers’ height and weight measurements 
were taken, followed by morphometric measurements of 
the nasal and hand regions by the same researcher. Body 
mass index (BMI) was also calculated. The volunteers were 
then divided into eight age groups for age and four for 
BMI. Ethical approval for the study was obtained from the 
Ankara Yıldırım Beyazıt University Health Sciences Ethics 
Committee on May 16, 2023, with decision number 244/05.

For measuring nasal‑related parameters, anatomical points 
used in previous studies were identified, and measurements 
were taken accordingly.[11,12] The designated points are 
glabella (g), nasion (n), maxillofrontale (mf), alare (al’), 
alare medial (al), pronasale (prn), columella (c), the 
lowest point of the nostrils (nb), the highest point of the 
nostrils (c’), subnasale (sn), labiale superius (ls), and 
gnathion (gn) [Figure 2]. Furthermore, morphometric 
measurements related to the nose were conducted with the 
head in the Frankfurt horizontal position.[13]

The parameters used in nasal morphometric measurements 
include:
•	 Facial height: Distance between nasion (n) and 

gnathion (gn)

Figure 1: Image of nasal septum deviation
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•	 Nasal length: Distance between nasion (n) and 
pronasale (prn)

•	 Nasal height: Distance between nasion (n) and 
subnasale (sn)

•	 Nasal width: Distance between both alares (al)
•	 Nasal depth: Distance between pronasale (prn) and 

subnasale (sn)
•	 Nasal root width: Distance between both 

maxillofrontales (mf)
•	 Right‑left nostril width: The widest mediolateral 

distance of the nostril
•	 Right‑left nostril length: The longest distance of the 

nostril
•	 Columella length: The longest distance of the columella
•	 Lower columella width: Distance between the lowest 

points of the nostrils (nb)
•	 Upper columella width: Distance between the highest 

points of the nostrils (c’)
•	 Philtrum length: Distance between subnasale (sn) and 

labiale superius (ls)
•	 Alar thickness: Transverse width of the ala of the nose
•	 Nasofrontal angle: Angle between glabella (g), 

nasion (n), and pronasale (prn)
•	 Alar slope angle: Angle between right alare (al), 

pronasale (prn), and left alare (al)
•	 Nostril medial longitudinal angle: Angle between 

the upper point of the nostril (c), the lower point of 
the nostril (nb), and the lower point of the opposite 
nostril (nb)

•	 Nasal tip angle: Angle between nasion (n), 
pronasale (prn), and subnasale (sn)

•	 Nasolabial angle: Angle between pronasale (prn), 
subnasale (sn), and labiale superius (ls).

Subsequently, measurements of hand parameters were 
taken. Parameters measured from both hands included the 
length of the second finger, the length of the fourth finger, 
hand width, and hand length. Based on these data, the 2:4 
digit ratio for both the right and left hand was calculated.[14]

Statistical analyses were performed using IBM SPSS 
Statistics (IBM Corp. version 26, 2019, New York 

USA). Mean and standard deviations for parameters 
were calculated. The Student’s t‑test was used to test the 
difference between two groups for normally distributed 
continuous variables. The Mann–Whitney U‑test was used 
for ordinal or nonnormally distributed continuous variables. 
P < 0.05 was considered statistically significant.

Results
Our study included 194 volunteers aged between 18 and 
25 (mean: 20.96 ± 1.69) consisting of 100 females and 
94 males. Initially, the height and weight information 
of the participants were collected, followed by the 
measurement of morphometric parameters related to the 
nose and hand. Subsequently, the averages and standard 
deviations of the parametric data obtained from the nose 
and hand were calculated according to gender, age, and 
BMI [Tables 1‑6]. The correlation between parameters was 
also examined [Table 7].

When evaluating nasal parameters by gender, it was found 
that excluding nasal root width, nasal tip angle, nasolabial 
angle, and nostril medial longitudinal angle parameters, 
there was a significant relationship between other nasal 
parameters and gender [P < 0.05, Table 1]. In addition, 
there was a significant difference between the right and left 
nostril widths within the same gender [P < 0.05, Table 1]. It 

Table 1: Nasal parameter averages and standard 
deviations by gender (mm)

Parameters Gender (n)
Female (100) Male (94) Total (194)

Facial height 108.67±15.30 119.60±7.15 113.97±13.21
Nasal length 48.02±5.13 51.54±5.74 49.72±5.70
Nasal height 53.14±4.23 56.07±5.53 54.56±5.10
Nasal width 32.35±2.97 36.11±2.87 34.17±3.47
Nasal depth 31.58±3.58 35.53±3.77 33.49±4.16
Nasal root width 15.20±3.24 15.34±2.31 15.27±2.82
Right nostril width 9.09±1.88 9.64±1.81 9.35±1.87
Right nostril length 12.39±2.12 14.31±2.15 13.32±2.33
Right nostril width 8.54±1.69 9.55±1.99 9.03±1.90
Right left nostril length 12.79±4.50 14.53±2.27 13.63±3.69
Columella length 10.32±1.87 10.93±1.98 10.62±1.94
Lower columella width 13.36±1.72 14.93±2.18 14.10±2.10
Upper columella width 8.16±1.38 8.82±1.42 8.48±1.44
Philtrum length 12.69±2.07 13.47±2.41 13.07±2.27
Alar thickness 5.92±1.20 6.38±1.27 6.15±1.25
Nasofrontal angle (°) 137.33±8.78 132.84±9.77 135.16±9.52
Alar slope angle (°) 79.33±12.88 84.43±10.38 81.80±11.98
Nostril medial 
longitudinal angle (°)

53.98±8.04 52.74±8.24 53.38±8.14

Nasal tip angle (°) 69.63±9.32 68.65±7.25 69.15±8.38
Nasolabial angle (°) 93.57±14.42 96.75±14.85 95.11±14.67
P<0.05: Significant differences exist between parameters, 
excluding nasal root width (P=0.718), nostril medial longitudinal 
angle (P=0.293), nasal tip angle (P=0.418), and nasolabial angle 
(P=0.132)Figure 2: Image of nasal parameter measurement points
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Age Parameters
Columella 

length
Lower 

columella 
width

Upper 
columella 

width

Philtrum 
length

Alar 
thickness

Nasofrontal 
angle

Alar slope 
angle

Nostril medial 
longitudinal 

angle

Nasal tip 
angle

Nasolabial 
angle

18 10.12±1.45 12.68±1.81 9.47±1.81 12.59±1.30 5.96±0.96 141.11±8.30 86.24±7.99 53.13±4.50 68.08±7.71 93.48±10.20
19 10.67±1.98 14.49±1.80 9.08±1.20 13.20±1.75 6.38±1.15 134.85±8.40 89.38±8.08 53.01±7.53 66.47±7.50 96.51±13.21
20 10.68±2.09 14.89±2.35 8.19±1.39 12.69±2.96 5.95±1.15 135.62±9.70 77.43±9.50 55.54±7.81 70.29±6.82 98.24±10.81
21 10.67±2.02 14.16±2.46 8.34±1.66 13.93±2.30 6.21±1.52 135.49±10.14 81.58±12.06 50.76±9.81 69.39±10.85 93.20±12.56
22 10.39±2.00 13.82±1.97 8.36±1.33 12.82±2.24 6.64±1.19 134.48±10.07 83.55±10.52 56.15±6.29 73.08±6.21 96.23±17.74
23 10.83±1.79 13.48±1.56 8.87±1.10 12.42±1.87 5.84±1.13 138.80±8.16 81.96±8.81 55.12±7.75 67.70±6.59 97.83±23.61
24 10.22±1.25 13.95±1.33 7.57±1.05 13.15±1.89 5.30±0.77 133.61±5.21 79.84±7.52 51.56±5.95 62.95±11.49 86.26±8.94
25 11.38±2.29 12.81±0.98 7.46±1.07 12.66±1.88 5.17±0.70 134.35±5.42 78.45±8.29 50.94±5.36 68.05±5.67 82.92±6.64
Total 10.62±1.94 14.12±2.10 8.48±1.44 13.07±2.27 6.15±1.25 135.16±9.52 82.61±10.47 53.38±8.14 69.15±8.38 95.11±14.67
P>0.05: No significant differences between parameters, excluding nasal root width (18–21 years: P=0.011, 18–24 years: P=0.012); 
right nostril width (19–24 years=P: 0.005, 20–24 years: P=0.013, 23–24 years: P=0.006); right nostril length (18–24 years: P=0.019, 
19–24 years: P=0.020), alar slope angle (19–20 years: P=0.000, 19–21 years: P=0.017); nasofrontal angle (18–24 years: P=0.004, 
19–24 years: P=0.035, 20–24 and 21–24 years: P=0.015, 23–24 years: P=0.002); nasal tip angle (19–22 years: P=0.019, 22–24 years: 
P=0.028)

Table 3: Nasal parameter averages and standard deviations by age (mm)
Age n Parameters

Facial 
height

Nasal 
length

Nasal 
height

Nasal 
width

Nasal 
depth

Nasal root 
width

Right 
nostril 
width

Right 
nostril 
length

Left 
nostril 
width

Left 
nostril 
length

18 8 110.97±14.53 51.76±3.62 57.31±3.72 32.99±2.58 33.29±2.35 18.12±8.36 9.65±1.64 15.17±1.64 9.52±1.21 14.62±1.69
19 36 113.49±18.54 50.65±6.18 56.64±4.82 35.43±3.31 33.15±4.08 15.38±2.36 9.74±1.53 14.29±2.34 9.49±1.49 14.35±2.49
20 38 114.27±9.56 49.37±6.32 54.32±5.46 33.78±3.51 34.50±3.77 15.79±2.33 9.56±1.80 13.52±2.33 9.12±2.41 14.89±6.87
21 42 115.33±8.37 49.90±5.25 53.44±4.23 34.44±3.89 32.81±4.87 14.32±1.69 9.27±2.32 12.71±2.29 8.91±1.82 12.39±2.26
22 36 112.57±18.78 49.15±5.85 53.89±5.92 34.02±2.66 33.71±4.29 15.66±2.20 9.29±1.64 13.04±2.30 8.71±2.03 13.01±2.25
23 18 114.35±6.07 49.23±3.80 56.11±4.06 33.67±4.37 34.01±3.98 15.50±2.98 9.97±1.71 13.75±2.00 9.82±1.69 14.33±1.56
24 9 114.31±8.12 47.81±6.55 52.70±4.40 32.87±3.07 33.93±3.20 13.39±2.30 7.18±1.31 11.45±1.71 7.43±1.12 12.38±1.15
25 7 115.75±5.82 50.17±7.27 50.57±4.97 33.28±3.28 31.13±4.50 14.10±1.11 7.99±0.75 11.53±1.06 7.94±0.54 12.51±1.32
Total 194 113.97±13.21 49.72±5.70 54.56±5.10 34.17±3.47 33.49±4.16 15.27±2.82 9.35±1.87 13.32±2.33 9.03±1.90 13.6±3.69

was determined that there was no correlation between nasal 
root width, nostril medial longitudinal angle, nasal tip angle, 
nasolabial angle parameters, and gender [P > 0.05, Table 7], 
a negative correlation with the nasofrontal angle [P < 0.01, 
Table 7], and a significant correlation between other nasal 
parameters and gender [P < 0.01, Table 7]. Subsequently, 
hand parameters were evaluated by gender. The 
evaluation found a significant relationship between hand 

parameters and gender [P < 0.05, Table 2], and a strong 
correlation between gender and hand parameters was 
determined [P < 0.01, Table 7].

The statistical evaluation of nasal parameters by age is 
shown in Table 3. In addition, a negative correlation 
between age and nasal parameters was identified [P < 0.01, 
Table 7]. Hand parameters were then evaluated by age. 
The evaluation found no significant relationship between 

Table 2: Hand parameter averages and standard deviations by gender (mm)
Parameters Gender (n)

Female (100) Male (94) Total (194)
Length of the right second finger 67.15±3.37 71.79±3.84 69.40±4.28
Length of the right fourth finger 65.85±4.02 73.49±3.90 69.55±5.50
Length of the right hands 175.43±7.25 192.14±9.74 183.53±11.95
Width of the right hand 72.26±4.48 80.55±5.32 76.28±6.42
Length of the left second finger 66.71±3.48 71.65±3.98 69.10±4.47
Length of the left fourth finger 65.72±3.97 73.14±4.22 69.32±5.52
Length of the left hands 176.62±7.71 193.84±9.46 184.96±12.17
Width of the left hand 71.57±5.15 79.64±4.84 75.48±6.42
Right 2:4 digit ratio 1.02±0.03 0.97±0.03 0.99±0.04
Left 2:4 digit ratio 1.01±0.02 0.98±0.03 0.99±0.03
P<0.05: Significant differences exist among all parameters
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all hand parameters and age [P > 0.05, Table 4], but a 
negative correlation between age and hand parameters was 
observed [P < 0.01, Table 7].

The statistical evaluation of nasal parameters by BMI is 
shown in Table 5. It was found that except for the nasofrontal 
angle, alar slope angle, nostril medial longitudinal angle, 
nasal tip angle, and nasolabial angle parameters, there was 
a significant correlation between other nasal parameters and 

BMI [P < 0.01, Table 7]. The statistical evaluation of hand 
parameters by BMI is presented in Table 6. It was determined 
that except for specific parameters such as the lengths of 
the second and fourth fingers, hand length and width for 
both hands, and the 2:4 digit ratios, there was no significant 
relationship between other parameters and BMI [P > 0.05, 
Table 6]. However, a significant correlation was observed 
between BMI and hand parameters [P < 0.01, Table 7].

Table 4: Hand parameter averages and standard deviations by age (mm)
Age n Parameters

Length of 
the right 
second 
finger

Length of 
the right 
fourth 
finger

Length of 
the right 

hands

Width of 
the right 

hand

Length 
of the left 

second 
finger

Length 
of the left 

fourth 
finger

Length 
of the left 

hands

Width of 
the left 
hand

Right 
2:4 digit 

ratio

Left 2:4 
digit 
ratio

18 8 68.58±5.08 68.19±6.31 180.00±15.07 74.50±5.93 67.63±5.10 68.55±5.36 182.87±16.19 73.92±5.13 1.00±0.03 0.98±0.02
19 36 70.84±3.92 71.34±5.31 186.27±12.24 76.84±5.57 70.95±4.52 70.95±5.35 186.94±10.75 75.48±6.25 0.99±0.04 1.00±0.03
20 38 70.30±4.62 69.92±5.33 185.05±12.24 75.67±7.22 69.44±4.33 69.66±5.79 187.21±13.39 74.39±6.99 1.00±0.03 0.99±0.03
21 42 68.99±3.82 69.67±5.61 184.14±11.46 78.74±7.19 69.02±4.34 69.36±5.60 185.21±11.43 78.45±7.01 0.99±0.04 0.99±0.03
22 36 68.19±4.04 69.15±5.27 181.86±11.34 75.30±5.22 67.97±4.37 68.53±5.42 182.97±12.25 74.41±5.16 0.98±0.03 0.99±0.03
23 18 69.33±4.96 68.47±5.42 180.44±11.19 73.30±6.51 68.78±4.72 68.81±5.58 183.16±12.06 73.48±6.06 1.01±0.04 1.00±0.03
24 9 69.32±4.78 68.51±6.75 184.88±14.25 77.42±5.73 68.67±4.64 67.90±6.41 185.55±13.44 76.86±5.84 1.01±0.03 1.01±0.04
25 7 66.94±2.65 65.38±4.15 176.28±8.36 75.16±4.27 67.13±2.80 66.87±3.51 177.57±9.81 74.16±5.39 1.02±0.03 1.00±0.01
Total 194 69.40±4.28 69.55±5.50 183.53±11.95 76.28±6.42 69.10±4.47 69.32±5.52 184.96±12.17 75.48±6.42 0.99±0.04 0.99±0.03
P>0.05: No significant differences among all parameters

Table 5: Nasal parameter averages and standard deviations by body mass index (mm)
Parameters Gender (n)

Group 1 (48) Group 2 (102) Group 3 (37) Group 4 (7) Total (194)
Facial height 107.82±15.18 114.19±13.01 119.07±6.84 125.91±7.15 113.97±13.21
Nasal length 48.51±6.08 49.82±5.71 50.13±4.66 54.46±5.98 49.72±5.70
Nasal height 53.06±4.13 54.85±5.43 54.77±5.01 59.47±3.10 54.56±5.10
Nasal width 31.87±3.25 34.37±2.93 36.27±3.61 35.94±2.62 34.17±3.47
Nasal depth 32.10±4.03 33.81±3.67 33.78±5.15 37.00±3.61 33.49±4.16
Nasal root width 14.38±1.81 15.38±3.12 15.80±2.81 16.89±2.71 15.27±2.82
Right nostril width 8.72±1.86 9.37±1.57 10.10±2.33 9.53±1.97 9.35±1.87
Right nostril length 12.30±1.73 13.59±2.27 13.75±2.67 14.18±3.20 13.32±2.33
Right nostril width 8.26±1.70 9.19±1.82 9.48±2.01 9.61±2.61 9.03±1.90
Right left nostril length 13.29±6.15 13.62±2.38 13.78±2.48 15.34±2.21 13.63±3.69
Columella length 10.01±1.86 10.52±1.85 11.45±2.02 11.82±1.76 10.62±1.94
Lower columella width 13.14±1.76 14.35±2.67 14.59±2.38 14.89±1.26 14.12±2.10
Upper columella width 8.13±1.34 8.49±1.49 8.84±1.19 8.77±2.16 8.48±1.44
Philtrum length 11.83±2.01 13.20±2.07 14.33±2.50 13.08±1.67 13.07±2.27
Alar thickness 5.55±0.95 6.26±1.18 6.56±1.53 6.43±1.40 6.15±1.25
Nasofrontal angle (°) 135.44±9.15 134.64±10.29 135.32±8.29 139.83±5.71 135.16±9.52
Alar slope angle (°) 76.96±14.56 83.34±10.50 84.80±10.60 76.83±10.55 81.80±11.98
Nostril medial longitudinal angle (°) 52.96±8.70 53.81±8.10 52.64±7.67 53.84±8.54 53.38±8.14
Nasal tip angle (°) 69.11±8.61 69.44±7.74 68.51±10.07 68.69±7.36 69.15±8.38
Nasolabial angle (°) 93.28±11.10 96.90±14.58 92.02±17.83 98.13±18.06 95.11±14.67
P>0.05: No significant differences between parameters, excluding facial height (Group 1–Group 2: P=0.025, Group 1–Group 3: P=0.000, 
Group 1–Group 4: P=0.003), nasal height (Group 1–Group 4: P=0.011), nasal width (Group 1–Group 2: P=0.000, Group 1–Group 3: 
P=0.000, Group 1–Group 4: P=0.010, Group 2–Group 3: P=0.012), nasal depth (Group 1–Group 4: P=0.020), right nostril width 
(Group 1–Group 3: P=0.004), right nostril length (Group 1–Group 2: P=0.008, Group 1–Group 3: P=0.024), left nostril width 
(Group 1–Group 2: P=0.030, Group 1–Group 3: P=0.019), philtrum length (Group 1–Group 2: P=0.002, Group 1–Group 3: P=0.000, 
Group 2–Group 3: P=0.038), columella length (Group 1–Group 3: P=0.004), lower columella width (Group 1–Group 2: P=0.005, 
Group 1–Group 3: P=0.008), alar thickness (Group 1–Group 2: P=0.005, Group 1–Group 3: P=0.001)
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Discussion
The nose, both anatomically and esthetically, is a central 
feature of the human face. Diseases related to the nose 
can arise from congenital, developmental, and acquired 
causes. The 2:4 digit ratio is indicated as a significant 
marker accompanying the diagnosis of many diseases 
and, in addition to its association with diseases, there is a 
relationship between the 2:4 digit ratio and the lengths of 
body organs, including certain facial organs.[15] However, 
information on the correlation between the 2:4 digit ratio 
and nasal parameters is limited.[8] We did not find any 
previous studies comparing nasal structure with septum 
deviation in young adults and the 2:4 digit ratio. Therefore, 
we explored the morphometrically nasal structure with 
septum deviation in adolescents and its correlation with the 
2:4 digit ratio.

Our study first evaluated nasal parameters according 
to gender. Except for the nasofrontal angle, nostril 
medial longitudinal angle, nasal tip angle, and nasolabial 
angle, other nasal parameter values were larger in males 
compared to females, and there was a significant difference 
between genders for these parameters, excluding nasal root 
width, nasal tip angle, nasolabial angle, and nostril medial 
longitudinal angle [Table 1]. Similar findings were reported 
by He et al.[16] and Sforza et al.,[17] who found significant 
differences in nasal parameters between genders.[18] Our 
study and others indicate that the nasal angular values 
between males and females show similarities [Table 8].

When evaluating hand parameters according to gender, 
except for the 2:4 digit ratios, other hand parameter values 
were larger in males, and a significant difference was 
observed for all parameters between genders [Table 2]. 
Fink et al.[1] investigated the relationship between the 2:4 
finger ratio and facial shape in 106 volunteers and found 
that the 2:4 finger ratio was lower in males than females, 
and this result was statistically significant. Manning et al.[23] 

investigated the relationship between hand and foot finger 
ratios and HOX genes in 680 subjects and reported that the 
2:4 finger ratio was lower in males than females and this 
result was statistically significant.

In this study, we evaluated nasal parameters according to 
the age. We found that there was no significant correlation 
between age and all parameters except nasal root width, 
right nostril width, right nostril length, alar tilt angle, 
nasofrontal angle, and nasal tip angle [P > 0.05, Table 3]. 
We also observed a negative correlation between age and 
nasal parameters [P < 0.01, Table 7]. Sforza et al.,[17] in 
their study of 519 males and 340 females between the ages 
of 4–73 years, which examined the changes in the nose 
depending on age and gender, reported that most nasal 
linear values, except nasal angular values, were significant 
with age. They also stated that nasal width, nasal height, 
nasal root width, philtrum length, nostril length, and width 
increased with age.

We then evaluated the hand parameters according to the 
age. As a result of the evaluation, we observed that there 
was no significant correlation between age and all hand 
parameters [P > 0.05, Table 4], and there was a negative 
correlation between age and hand parameters [P < 0.01, 
Table 7]. In a study conducted by Fink et al.[1] in 106 
volunteers aged 18–38 years, no significant correlation was 
found between age and 2:4 finger ratio.

We analyze the nasal parameters according to the BMI. We 
found that there was no significant relationship between 
BMI and other parameters except for some groups in the 
parameters of facial height, nasal height, nasal depth, 
right nostril width, right nostril length, left nostril width, 
philtrum length, columella length, columella subwidth, 
and alar thickness [P > 0.05, Table 5]. In addition, it was 
determined that there was a significant correlation between 
BMI and other nasal parameters except nasofrontal angle, 
alar slope angle, nostril medial longitudinal angle, nasal tip 

Table 6: Hand parameter averages and standard deviations by body mass index
BMI n Parameters

Length of 
the right 
second 
finger

Length of 
the right 
fourth 
finger

Length of 
the right 

hands

Width of 
the right 

hand

Length 
of the left 

second 
finger

Length 
of the left 

fourth 
finger

Length 
of the left 

hands

Width of 
the left 
hand

Right 
2:4 digit 

ratio

Left 2:4 
digit 
ratio

Group 1 48 67.64±3.88 66.20±4.30 176.50±9.15 71.86±4.68 67.01±3.79 66.03±4.67 177.43±10.05 71.10±5.02 1.02±0.03 1.01±0.02
Group 2 102 69.44±4.41 70.11±5.64 185.30±12.49 76.32±5.78 69.36±4.72 69.90±5.64 186.59±12.09 75.36±5.76 0.99±0.04 0.99±0.03
Group 3 37 71.15±3.86 72.01±4.65 187.13±10.69 81.20±6.27 70.72±3.80 71.58±4.49 189.29±11.40 80.63±5.68 0.98±0.03 0.98±0.03
Group 4 7 71.50±2.42 71.37±5.19 186.85±9.13 79.98±5.83 71.10±3.26 71.37±4.82 189.85±9.51 79.99±5.94 1.00±0.04 0.99±0.03
Total 194 69.40±4.28 69.55±5.50 183.53±11.95 76.28±6.42 69.10±4.47 69.32±5.52 184.96±12.17 75.48±6.42 0.99±0.04 0.99±0.03
P>0.05: No significant differences between parameters, except for right 2nd finger length (Group 1–Group 3: P=0.001); right 4th finger 
length (Group 1–Group 2: P=0.000, Group 1–Group 3: P=0.000); right hand Length (Group 1–Group 2: P=0.000, Group 1–Group 3: 
P=0.000); right hand width (Group 1–Group 2: P=0.000, Group 1–Group 3: P=0.000, Group 1–Group 4: P=0.003); left 2nd finger length 
(Group 1–Group 2: P=0.012, Group 1–Group 3: P=0.011); left 4th finger length (Group 1–Group 2: P=0.000, Group 1–Group 3: P=0.000); 
left hand length (Group 1–Group 2: P=0.000, Group 1–Group 3: P=0.000, Group 1–Group 4: P=0.047); left hand width (Group 1–Group 2: 
P=0.000, Group 1–Group 3: P=0.000, Group 1–Group 4: P=0.001, Group 2–Group 3: P=0.000); right 2:4 digit ratio (Group 1–Group 2: 
P=0.000, Group 1–Group 3: P=0.001); left 2:4 digit ratio (Group 1–Group 2: P=0.001, Group 1–Group 3: P=0.001)
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angle, and nasolabial angle [P < 0.01, Table 7]. In a study 
conducted by Ozsoy and Bikem Süzen[18] on 40 subjects 
aged 19–26 years, it was emphasized that there was no 
correlation between BMI and nasal parameters.

Upon assessing hand parameters according to BMI, we 
found that there was no significant correlation between 
BMI and hand parameters except for right second finger 
length, right fourth finger length, right‑hand length, 
right‑hand width, left second finger length, left fourth 
finger length, left‑hand length, left‑hand width, right 2:4 
finger ratio, and left 2:4 finger ratio [P > 0.05, Table 6]. 
We also observed a significant correlation between BMI 
and hand parameters [P < 0.01, Table 7]. A study conducted 
in Turkey in 2021 reported a negative correlation between 
BMI and the right 2:4 finger ratio.[24] In our study, we 
found a negative correlation between the 2:4 finger ratio of 
both hands and BMI [P < 0.01, Table 7].

After investigated the relationship between the 2:4 finger 
ratio and nasal parameters, we found that the right 2:4 
finger ratio was significantly negatively correlated with all 
nasal parameters except nasal height, nasal root width, alar 
tilt angle, nostril medial longitudinal angle, nasal tip angle, 
and nasolabial angle [P < 0.01, Table 7]. We determined 
that the left 2:4 finger ratio was significantly negatively 
correlated with the other nasal parameters except alar 
thickness, nasal root width, alar slope angle, nostril 
medial longitudinal angle, nasal tip angle, and nasolabial 
angle [P < 0.01, Table 7]. In our study, we observed that as 
the 2:4 finger ratio increased in both hands, the other linear 
parameters except the facial height parameter decreased or 
remained constant, whereas the nasolabial angle increased, 
nasofrontal angle, alar slope angle, and nostril medial 
longitudinal angle decreased [Tables 3 and 4]. In studies, 
it has been reported that there is a curvilinear relationship 
between the 2:4 finger ratio and facial asymmetry and that 
asymmetry is higher on the side with very high and very 
low 2:4 finger ratio.[25] In addition, in a study conducted 
by Weinberg et al.[8] on facial photographs of 151 male 
volunteers in 2015, it was emphasized that there was an 
inverse relationship between the 2:4 finger ratio and facial 
features and that the philtrum became shorter as the 2:4 
finger ratio increased.

It is stated that factors such as race, genetic factors, 
and climatic conditions are important in nasal typing. 
It is also stated that there is a relationship between 
nostril medial longitudinal angle and nostril flatness. 
In our study, we performed nostril typing according 
to the nostril medial longitudinal angle range and the 
classification made by Farkas et al.[26] Type 3 nostril type 
was observed most frequently according to the nostril 
medial longitudinal angle result [Figure 3 and Table 9]. 
Farkas et al.[26] reported that Type 3 nostril type was 
observed most frequently in their study. Garandawa 
et al.[27] reported that Type 6 nostril type was the most 
common type in their study on 1010 adults. In the studies, 
it was emphasized that the Type 3 nostril type showed 
Caucasian, and Type 6 and Type 7 nostril types showed 
black nostril characteristics.[1,26]

The nasal index was also calculated to determine the nasal 
type (nasal index = nasal width/nasal height × 100). In 
studies, nasal index has been reported as a parameter used 
in nasal typing and associated with narrow or wide nasal 
type.[28,29] In our study, we classified the general nasal 
shape according to the classification made by Martin and 
Sallar based on nasal index.[28] According to the results of 
our classification, leptin (moderately narrow nose) type 
nose was observed most frequently in our study [Table 10]. 
Kılıc Safak et al.[28] reported that the most common type 
of nose in adults was mesorrhine type as a result of their 
study in 874 healthy individuals. In studies, it has been 
reported that Caucasians and Orientals have leptorrhine 
type nose, Africans have platyrrhine type nose, and Indians 
have mesorrhine type nose on average.[2] In addition, it has 
been emphasized that platyrrhinetype nose is observed in 
Nigeria, Egypt, and Iran, and leptin‑type nose is observed 
in Albania.[28,29]

Since hormones in the prenatal period may determine 
which disease a person will be prone to in future, there is 
a link between these diseases and the 2:4 finger ratio.[14] 
Congenital adrenal hyperplasia (CAH), age at myocardial 
infarction (MI), autism, migraine, and some cancers are 
associated with 2:4 finger ratio. Studies have shown that 
people with a high 2:4 finger ratio have a higher risk of 
breast cancer, a lower age of MI, and a higher likelihood of 

Table 8: Comparison of nasal angular parameters between our study and other studies
Author n Parameters

Nasofrontal angle Alar slope angle Nasal tip angle Nasolabial angle
Female Male Female Male Female Male Female Male

Uzun and Ozdemir[12] 115 133.16 123.85 80.89 85.98 77.91 82.16 98.91 97.91
Sforza et al.[17] 192 75.43 74.45 93.84 94.99
Husein et al.[19] 200 134.30 59.40 67.40 104.20
Choe et al.[20] 72 136.80 81.90 78.50 92.10
Aung et al.[21] 90 139.09 137.43 90.89 89.07 83.87 82.55 9791 99.91
Dong et al.[22] 289 144.04 138.19 96.16 94.16 103.42 104.30
Our study 194 137.33 132.84 79.33 84.43 69.63 68.65 93.57 96.75
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migraine in men. In addition, in previous studies, a lower 
2:4 finger ratio was observed in some diseases such as 
CAD, autism, and migraine in women.[30]

The anthropometry of the face has always been an 
interesting subject for many artists and plastic surgeons, 
and it is emphasized that different rules have been 
proposed for an ideal face since ancient times.[13] In 
previous studies, it has been stated that the middle 
part of the face is esthetically important and the nasal 
structure is the most important part of this region.[16] It 
is also stated that the size, shape, and proportions of 
the nose reflect the character of the person.[16] The nose, 
which is the starting point of inspiration, is an important 
anatomical structure that can provide information about 
gender, age, and race. External features of the nose are 
important for surgeons to obtain the best results after 
rhinoplasty or traumatic nasal deformity operations. 
After all, the face is a whole and the ideal nose should 

be in harmony with the rest of the face. To maintain this 
harmony, the angular relationship should be accurately 
evaluated in soft‑tissue profiling.

Although the measurement values we obtained as a result 
of our study are different from the measurement values 
obtained in previous studies, our study results and the 
results of other studies show similar characteristics. We 
think that the differences in measurement values between 
our study and other studies are due to the different number 
of cases and age ranges used in the study, the researcher 
who performed the measurement, the methods used, 
and racial reasons. As is known, nasal morphometric 
measurements may vary according to gender, age, race, and 
ethnicity. We consider our study as a preliminary study in a 
young population aged 18–25 years. We think that the use 
of direct anthropometric methods for the measurement of 
linear and angular parameters in our study is an important 
factor that makes our study important. In addition, we 
consider the fact that our study was conducted only in a 
young population aged 18–25 years and that radiologic 
images were not used in the determination of nasal 
septum deviation as factors limiting our study. Therefore, 
to morphometrically evaluate the developmental process 
in the nose with deviated nasal septum, we believe that it 
would be useful to support our study with studies that will 
include pediatric, adolescent, and adult periods, where the 
number of participants is higher and radiologic images are 
also used.

Conclusion
The data we obtained in this study will contribute to the 
evaluation of nasal development, gender, age, and race 
determination in forensic medicine and the formation 
of a data bank about our population. In addition, we 
think that our study results will help clinicians who are 
interested in this region in the diagnosis and treatment 
of pathologies related to the nose, in the description of 
anatomical points in surgical procedures to be applied to 
the nasal region, in the planning of surgical procedures, 
and in the pre‑ and postoperative evaluation of the 
procedure to be performed.
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Figure 3: Nostril types according to Farkas et al.[26]

Table 9: Nostril typology data table from our study
Nostril 
types

Nostril medial 
longitudinal angle range

Number and percentage 
of participants (%)

Tip 1 70–90 3 (1.55)
Tip 2 55–69 84 (43.3)
Tip 3 40–54 100 (51.55)
Tip 4 0 0
Tip 5 25–39 7 (3.60)
Tip 6 10–24 0
Tip 7 −50–−20 0

Table 10: Nasal types data table from our study
Category Nasal size Nasal index (on the living head) Number and percentage of participants (%)
Hyperleptorrhine Long narrow nose 40–54.9 24 (12.37)
Leptorrhine Moderately narrow nose <70 138 (71.13)
Mesorrhine Medium nose 70–84.9 27 (13.92)
Platyrrhine Moderately wide nose 85–99.9 3 (1.55)
Hyperplatyrrhine Very wide nose >100 2 (1.03)
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Abstract
Background: In this study involving young adult elite athletes and healthy sedentary individuals, volumetric 
analyses were performed on basal ganglia (BG) involved in the coordination of motor movements. 
Aims and Objectives: In a group of athletes with high coordination speed, potential relationship between 
BG volumes and audiovisual reaction time of acquired‑trained hand movements was explored by 
examining whether these individuals had significant differences in terms of BG volumes. Materials and 
Methods: Nineteen elite athletes aged between 19 and 25 years (9 male and 10 female) and 20 sedentary 
subjects (10 male, 10 female) were included. Gender, age, height, weight, and body‑mass index (BMI) 
were recorded. In each group, audiovisual reaction time and stereological basal ganglia volumes were 
assessed and statistically analyzed. Results: Elite athletes react more rapidly to auditory stimuli than visual 
stimuli. As compared to sedentary individuals, elite athletes exhibited significantly shorter visual reaction 
time and only numerically shorter (statistically insignificant) visual reaction time. Left BG volume was 
higher in both groups, compared to right side). Conclusion: Our data may contribute to the construction of 
a database of normal BG morphology and provide useful information for clinicians and athletes.

Keywords: Basal ganglia, elite athletes, nuclei basales, reaction time, stereology, volume
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Introduction
Classically, nuclei basales which are 
called basal ganglia (BG) have been 
intriguing anatomical structures due to 
their concealed location in between brain 
convolutions. BG or basal nuclei consist 
of five pairs of nuclei located deep in 
cranial hemispheres and are referred to 
as nucleus caudatus, putamen, globus 
pallidus, substantia nigra, and nucleus 
subthalamicus. Nucleus caudatus, putamen, 
and globus pallidus are collectively termed 
as “corpus striatum.”[1,2]

BG has been shown to be involved in the 
coordination of motor movements as well 
as in mental and emotional functions. Their 
main functions include utilization of input 
coming from the sensory cortex, thalamus, 
and brainstem; conveyance of information 
from multiple nonspecific areas to 
somatomotor areas; regulation of impulses 
associated with muscle tone, posture, and 
movement; and regulation of muscular 
movements through effects on the activity 
of motor centers within the brainstem.[2] 
In addition, BG is known to be associated 

with mental and emotional functions such 
as comprehension and appraisal.[2‑5]

The harmonious activity of the motor and 
sensory cortices to regulate movements 
during physical activity is referred to as 
sensory‑motor integration. The primary 
motor cortex utilizes the sensory afferent 
input very efficiently to ensure a concerted 
activity between muscle groups.[6] An 
examination of the association between the 
sensory‑motor system and BG in athletes 
indicates that this system has important 
roles in the integration of motor, sensory, 
and central systems as well as in the 
processes involved. Visual and auditory 
reaction input as well as the information 
obtained from muscles, skin, tendons, and 
joints are processed within this system. 
Therefore, the sensory‑motor system has 
significant roles in the perception, planning, 
execution, and regulation of the movements 
during physical activity in athletes. 
Furthermore, it has an important role in 
the protection against injury and the level 
of sportive performance due to its complex 
structure and intricate connections.

Until now, although many studies have 
been published regarding the functional, 
volumetric, or pathological changes 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

Received: 18 February 2024
Revised: 11 August 2024
Accepted: 05 September 2024
Available online: 25 September 2024

Article Info

Original Article



Karabekir, et al.: Basal ganglia volume and audiovisual reaction time in Turkish elite athletes

278 Journal of the Anatomical Society of India ¦ Volume 73 ¦ Issue 3 ¦ July-September 2024

according to age and gender in disease processes involving 
BG, none have specifically looked at the association of BG 
volume with reaction times and gender in normal healthy 
individuals and elite athletes, and only scarce data have 
been made available recently, regarding the age‑related 
effect of exercise on BG.[7,8] Similarly, gender‑based 
comparisons among young adult elite athletes using 
different methodologies are few.[4,5] In addition, our 
literature search for BG volume studies using stereological 
methods did not yield any published data that assessed the 
association of BG volume with acquired‑trained repetitive 
movements and audiovisual reaction time.[8‑13]

In the present study involving young adult elite athletes 
and healthy sedentary individuals, volumetric analyses 
were performed in BG areas involved in the coordination 
of motor movements. For this purpose, significant volume 
differences in a group of sportsmen with high coordination 
speed were explored, in an effort to identify potential links 
between BG volumes and audiovisual reaction time in 
acquired‑trained hand movements.

Materials and Methods
The study is a prospective comparative experimental 
study. Following approval from the Ethics Committee 
for Non‑Interventional Studies of Dokuz Eylul 
University Medical Faculty, audiovisual reaction time 
and morphological (height, weight, and body mass 
index [BMI]) measurements of elite athletes and 
sedentary individuals were performed at the Department 
of Anatomy and Sport Academy. Then, each participant 
underwent a cranial magnetic resonance imaging (MRI) 
examination at the radiology department of Dokuz 
Eylul University Medical Faculty Hospital. Data were 
statistically assessed.

A total of 19 right‑handed elite athletes (9 male and 
10 female) aged between 19 and 25 years with no 
audiovisual impairment and 20 otherwise healthy sedentary 
individuals (10 male and 10 female) aged between 18 and 
28 years were included in the study. Audiovisual reaction 
tests and MRI examinations could not be performed in 
some cases due to poor adherence. The number of cases (n) 
who underwent assessment for each parameter was 
indicated in tables.

Elite athletes included those who achieved a good 
performance level or a ranking in a team or individual 
sports activity at the national level, Olympic Games, or 
World Championships and who followed a consistent 
training program for at least 10 years.[14] Ten of the elite 
athletes were involved in a team sport such as basketball 
or volleyball, and 9 were involved in an individual 
sport activity, namely swimming. A total of 20 age‑ and 
sex‑matched, right‑handed, healthy, and sedentary 
individuals (10 male and 10 female) with no regular 
physical activity served as controls.

Radiological examination

BG measurements in both study groups were performed 
using T1–T2 weighed three‑dimensional gradient echo 
images 3‑Dimensional T1‑Weighted Turbo Field Echo 
acquired with an MRI device 1.5‑T unit (Integra, Philips, 
the Netherlands). Sedentary group images were obtained 
from healthy at the discretion of the radiologist right‑handed 
individuals. Specifically, conventional spin echo (SE) T1A 
cross‑sections (Repetition time [TR]: 500–700 ms; Echo 
time [TE]: 10–30 ms) were obtained in sagittal and axial 
planes, and T1‑weighed sagittal images were recorded. No 
sedation or IV contrast enhancement was used. The image 
acquisition and recording of measurements were performed 
by the same operator to minimize the risk of error.

In both groups, manual stereological measurements were 
performed in sagittal 0.3 mm cross‑sections in T1‑weighed 
MRI images to determine BG (caudate and lentiform 
nuclei) volumes according to side (left vs. right) and 
gender. All BG structures other than the corpus striatum 
were excluded from measurements, due to their small size 
and technical inability to acquire image sections <0.3 cm in 
thickness.

Stereological volumetric method

Stereological assessment with a point counting method 
involves the use of a marked scale in randomly selected 
positions to assess cross sections. The counted points are 
summed and multiplied by the thickness of the cross‑section to 
yield the volume. The following formula was used for the point 
counting method, V = t × ([(SU) × d]/SL) 2× ΣP, where t, SU, 
d, SL, and p correspond to cross‑section thickness, MRI scale 
unit, distance between two points in the grid, scale length, and 
the number of points counted, respectively.[4,15‑19] In volumetric 
assessments, the sagittal and axial MRI cross‑sections were 
measured to allow that the optimal plane corresponded to the 
smallest diameter of the anisotropic structure.

A stable and consecutive cross‑section thickness of 
0.3 cm was maintained to reduce the error of margin. 
For each participant, all cross‑sections were separately 
evaluated for the left and right hemispheres, and the 
point counts were performed manually [Figure 1]. 
These mathematical processes are known as Cavalieri’s 
principle.[4,5,15,17,20]

Audiovisual reaction time measurement method

Visual reaction time

A Lafayette Multi‑Operational Apparatus for Reaction 
Time (MOART) Reaction Device (Lafayette, USA) was 
used. This device can record auditory and visual reaction 
time with 1/1000 s units. For visual reaction recording, the 
lights on the right and left buttons randomly flash without 
any visual stimuli to detect the visual reaction time. Before 
recording, each participant performed five repetitions of a 
practice test.
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Auditory reaction time

A Lafayette MOART Reaction Device (Lafayette, USA) 
was used. This device can record auditory and visual 
reaction time with 1/1000 s units. During the test, the 
participant is asked to press a button in the middle of the 
device using his/her dominant hand upon being exposed 
to auditory stimuli given at random intervals. Before 
recording, each participant performed five repetitions of a 
practice test. Measurements were repeated at least 10 times 
in all participants, and the average value was recorded.

Subjects were excluded from the study if they had 
osteoarthritis, structural deformity, history of head or body 
trauma, active infection, or any health problem during 
the study period. Also excluded were the subjects with 
disability precluding MRI examination and those with 
claustrophobia and/or anxiety.

Statistical methods

The normality of the distribution of the continuous 
variables was checked with Shapiro–Wilk test, whereas 
Box’s M statistics were performed for the homogeneity of 
the variance‑covariance matrices. Since the assumptions of 
the parametric tests were met, dependent variables were 
used in a “variance analysis on repeated measures” with 
3 factors with repetition of one factor to reduce the error. 
For variables without repeated measurements, a 2‑factor 
variance analysis and independent two‑group t‑test were 
performed for variables meeting the assumptions of the 
parametric tests.

Mann–Whitney U‑test was used for variables not meeting the 
parametric test assumptions. Association between variables 
was evaluated with Pearson and Spearman rho correlation 
coefficients. Results were expressed as mean ± standard 
deviation, median, and correlation coefficients. A P < 0.05 
was considered statistically significant. SPSS 22.0 statistical 
software pack was used for analyses (SPSS Ver. 22.0, SSPS 
Inc., Chicago, IL, USA).

Results
Physical data for elite athletes and sedentary individuals

Age, gender, weight, height, and BMI data were recorded 
and compared between the two age‑ and gender‑matched 
groups. In females, there were significant height and 
weight differences between athletes and sedentary 
subjects (P = 0.05, P = 0.033, respectively). In males, a 
significant BMI difference was found between athletes and 
sedentary subjects (P = 0.041) [Table 1].

Data for audiovisual reaction time

Audiovisual reaction time data were obtained from 
right‑handed athletes and sedentary individuals for 
statistical analysis. Table 2 shows the reaction times in 
millisecond units in both groups. A significant difference 
was noted in auditory and visual reaction times between 
the two groups (P1 = 0.001). This difference was found to 
vary according to the groups tested (P2 interaction [auditory 
and visual × Group] = 0.001). The mean visual reaction 
time among athletes was higher as compared to the mean 
auditory reaction times, with no gender difference (P3 
interaction [visual and auditory × Gender] = 0.825, P4 
interaction [visual and auditory × Group × Gender] = 
0.618). Thus, as compared to sedentary subjects, athletes 
have a shorter reaction time to auditory stimuli than visual 
stimuli.

In right‑handed athletes with higher right BG volume, 
auditory reaction times were shorter, i.e., more rapid, 
than visual reaction times. As compared to sedentary 
individuals, athletes were significantly more rapid in terms 
of auditory reaction time. Although athletes had more 
rapid reactions to visual stimuli than sedentary individuals, 
the difference was not statistically significant. It was 
assumed that a larger sample size could have yielded more 
significant results. Although these data were recorded 
independent of gender, female and male athletes had more 
rapid reaction times to auditory stimuli than sedentary 
males and females, although the differences were not 
significant.

Stereological volume analysis data for basal ganglia

Caudate nucleus volume

Right and left caudate nucleus volumes were recorded 
in cubic centimeters in the two age‑ and gender‑matched 
groups for statistical analysis [Table 3]. In general, 
there was a significant difference between right and 
left caudate nucleus volumes in athletes and sedentary 
subjects (P < 0.05), with higher left‑sided volume 
measurements (P1 = 0.045).

However, these differences between athletes and 
sedentary subjects (P2 = 0.925) and differences regarding 
gender (P3 = 0.074) were not significant. Thus, the right 
and left caudate nucleus volume did not differ significantly 

Figure 1: Stereological nucleus lentiformis and nucleus caudatus 
measurement on axial T1‑weighted magnetic resonance imaging section
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according to group and gender (P4 = 0.578). Interestingly, 
left and right caudate nucleus volumes were smaller among 
athletes than sedentary individuals, although the difference 
was not significant.

Lentiform nucleus volume

Left and right nucleus lentiform volume data in the two 
age‑ and gender‑matched groups were recorded in cubic 
centimeters and statistically analyzed [Table 4]. In both 
groups and genders, lentiform nucleus volume was higher 
on the left, although the difference was not significantly 
different (P1 = 0.903). This result was independent of 
the group (i.e., athlete or sedentary) (P2 = 0.338) and 
gender (P3 = 0.477). Statistically, the left and right lentiform 

nucleus volumes did not differ according to group and 
gender (P4 = 0.863).

Overall, left caudate nucleus and left lentiform nucleus 
volumes were higher as compared to the right in both elite 
athletes and sedentary individuals.

Discussion
Reaction time is a natural response reflecting the duration 
of time between a stimulus and the first moment of 
muscular response or movement and corresponds to the 
sum of time from the reception of an immediate and 
unpreceded signal and the response to that signal. Previous 
literature has reported higher auditory and visual reaction 
speed among elite athletes compared to lay individuals. 
Audiovisual reaction time is a significant and determining 
factor in many branches of sports and is known to be 
feasible to improve with regular training. Furthermore, 
shorter reactions to visual stimuli have been reported 
among well‑trained athletes as compared to athletes with 
poorer training status. Furthermore, responses to auditory 
stimuli have been generally more rapid as compared to 
responses to visual stimuli,[21] similar to our observations 
where athletes responded to auditory stimuli faster than 
visual stimuli. Furthermore, in our study, athletes exhibited 
significantly more rapid auditory reactions than sedentary 
subjects. In contrast, elite athletes participating in our 
study also had shorter visual reaction times as compared to 
sedentary individuals, but the difference was insignificant. 
However, a larger sample size could have yielded significant 
differences. Similarly, these response times were shorter in 
male athletes as compared to sedentary males, although 
there were no significant differences. Interestingly, among 
female athletes, auditory reaction times were longer than 
their visual reaction times. Although the visual reaction 
time among female athletes was shorter than that of the 

Table 1: Physical data for athletes and sedentary individuals
Female Male

Athlete, n 
Mean±SD 
Median

Sedentary, n 
Mean±SD 
Median

P Athlete, n 
Mean±SD 
Median

Sedentary, n 
Mean±SD 
Median

P

Age 10
20.900±1.286

20.000

10
22.700±3.093

21.500

0.104 9
22.555±1.943

22.000

10
22.200±3.190

21.000

0.776

Height (cm) 9
1.718±0.064

1.7750

9
1.660±0.030

1.650

0.050* 9
1.767±0.065

1.770

10
1.762±0.082

1.750

0.869

Weight (kg) 9
60.222±3.763

60.000

9
56.222±3.492

56.000

0.033* 9
70.222±7.870

69.000

10
80.100±13.370

82.000

0.07*

BMI 9
20.388±1.060

20.500

9
20.481±1.333

20.569

0.873 9
22.500±2.330

23.000

10
25.843±4.223

26.524

0.041*

*P≤0.05. SD: Standard deviation, BMI: Body mass index

Table 2: Audiovisual reaction time data for athletes and 
sedentary individuals

Group Gender Reaction 
time ‑ auditory 

(ms), n 
Mean±SD 
Median

Reaction 
time ‑ visual 

(ms), n 
Mean±SD 
Median

P

Athlete Female 9
471.333±59.902

464.000

9
224.777±15.417

223.000

P1=0.001*
P2=0.001*
P3=0.825
P4=0.618Male 9

422.777±51.664
413.000

9
192.555±12.640

199.000
Sedentary Female 9

432.122±46.115
430.000

9
281.222±36.591

275.000
Male 10

446.000±60.929
457.500

10
288.800±63.308

262.000
*P≤0.05. SD: Standard deviation
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sedentary female subjects, the difference was insignificant. 
Based on gender, female and male athletes had shorter 
auditory response times than sedentary female and male 
subjects, again with no significant differences.

The motor performance among athletes is determined 
by several skills such as endurance, strength, and speed. 
Previous experimental studies showed that motor speed is 
coded in the BG, sensory‑motor cortex, and cerebellum. 
Again, a previous study of motor speed difference between 
strength and endurance athletes showed neurofunctional 
and structural differences specific to motor speed in the 
peripheral and central nervous systems.[6] This has led to 
the question whether “strength athletes” had a unique 

structural attribute that allowed them to perform simple foot 
movements much more rapidly as compared to “endurance 
athletes.”

Several studies have assessed the correlation between BG 
volume, gender, and age among healthy individuals.[4,15] In 
our study involving right‑handed elite athletes and sedentary 
individuals, left BG volumes were larger than right BG 
volumes independent of age, gender, and physical activity 
status. Athletes with larger right BG were found to respond 
more rapidly to auditory stimuli than visual stimuli. 
However, the volume measurements were not associated 
with the reaction times in sedentary individuals.

It has been previously shown that automatic motor 
movements are modulated by BG, and regular exercise 
has beneficial effects on cortical activities responsible 
for attention and cognition through effects that facilitate 
neuronal transmisyon.[22‑24] Human studies also showed that 
putamen and the caudate nucleus play fundamental roles 
in performance‑related processes that involve cognitive 
control, motor integration, and motor reaction.[7]

In the study by Chaddock et al.,[24] no associations were 
observed between putamen and caudate nucleus volumes 
and sports performance in children participating in aerobic 
fitness activities, whereas a link was observed between 
globus pallidus volume and physical performance, which 
was explained in the basis of the association between 
globus pallidus and efferent stimuli conveying motor 
instructions. Our study bears some similarity to that study 
in assessing the lentiform and caudate nucleus volumes. 
In our study, the volume of the right and left caudate 
nucleus was smaller among athletes than in sedentary 
subjects, although the difference was insignificant. On 
the other hand, right‑handed elite athletes with larger BG 
volumes had shorter auditory reaction times than visual 
reaction times, irrespective of gender. However, our study 
did not aim to assess the performance among athletes. In 
sportive activities where hearing is a contributory factor to 
performance, this attribute may have positive implications.

When BG was separately evaluated, significant differences 
in the volume of right and left caudate nuclei were found 
in both groups, with significantly higher left‑sided volume 
measurements. Again, the volume of the lentiform nucleus 
was higher on the left side in both groups and genders. In 
both groups of participants, left‑sided caudate nucleus and 
lentiform nucleus volumes were higher as compared to 
right‑sided volumes.

Corpus striatum is involved in the acquisition and 
maintenance of motor skills. Several studies have 
shown that motor learning induces neuronal changes in 
striatum.[25,26] In Park et al.’s study,[25] examining basketball 
players and healthy controls using three‑dimensional MRI 
volumetry, morphological volume expansion was found 
in the striatum of basketball players as compared to 

Table 3: Nucleus caudatus volume data in cm3 for 
athletes and sedentary individuals

Group Gender Right nucleus 
caudatus, n 
Mean±SD 
Median

Left nucleus 
caudatus, n 
Mean±SD 
Median

P

Athlete Female 10
3.548±0.734

3.539

10
3.588±0.522

3.731

P1=0.045*
P2=0.925
P3=0.074
P4=0.578Male 9

3.365±0.556
3.380

9
3.551±0.409

3.635
Sedentary Female 10

3.754±0.606
3.641

10
3.741±0.602

3.881
Male 10

3.526±0.394
3.571

10
3.787±0.411

3.922
*P≤0.05. SD: Standard deviation

Table 4: Nucleus lentiformis volume data in cm3 for 
athletes and sedentary individuals

Group Gender Right nucleus 
lentiformis, n 

Mean±SD 
Median

Left nucleus 
lentiformis, n 

Mean±SD 
Median

P

Athlete Female 10
4.684±0.662

4.751

10
4.498±0.510

4.337

P1=0.903
P2=0.338
P3=0.477
P4=0.863Male 9

5.303±1.148
5.56640600

9
5.308±1.375

4.980
Sedentary Female 10

5.476±0.666
5.485

10
5.535±0.448

5.612
Male 10

5.021±0.741
4.974

10
5.197±0.812

5.134
P≤0.05. SD: Standard deviation
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healthy controls.[25] According to the authors of that study, 
persistent repetition and execution of motor skills relevant 
to basketball as well as repeated motor performances may 
lead to plastic structural alterations in the human striatum. 
In sports such as basketball requiring double‑handed 
coordination and visuomotor activity skills, it has been 
purported that putamen is responsible for the execution of 
complex movements such as ball driving, ball chasing, and 
ball throwing.[25] In the same line of thinking, we decided to 
compare MRI‑based BG volume measurements in athletes 
and sedentary individuals due to their role in motor control 
of learned‑acquired movements.

Previously, ballerinas have been reported to have lower left 
putamen volumes,[6] in addition to data indicating lower 
left caudate nucleus volumes in professional divers.[27] 
Furthermore, male javelin throwers and male long jumpers 
had higher ventral striatum volumes bilaterally as compared 
to controls.[28] In our study, we found statistically significant 
differences between right and left caudate nucleus volumes, 
with the latter exhibiting larger volumes. However, 
this difference was not statistically significant between 
sedentary individuals and athletes and between genders. 
A larger sample size could have yielded more meaningful 
results. The volumes of the right and left caudate nuclei 
were lower among athletes than in sedentary subjects, 
similar to the data reported in ballerinas and professional 
divers.

Hänggi et al.[26] measured age‑corrected intracranial 
volume, right and left total gray matter volume, right 
and left total mid‑sagittal cortical surface area, and mean 
cortical thickness in professional handball players versus 
controls and found higher BG volumes among handball 
players, although the difference could not reach statistical 
significance.[26] Furthermore, in another study assessing 
the association between BG volume, age, and professional 
training duration, no significant differences between 
athletes and controls could be detected for either variable. 
In contrast with that study, we were unable to evaluate the 
relation between training duration and performance, since 
all the elite athletes participating in our study were required 
to have a minimum regular training duration of 10 years. In 
that study, there was no information on the dominant hand. 
Although subjects had to use both of their hands during 
handball matches, information on the dominant hemisphere 
would have provided further insights into their findings. 
Due to such considerations, only elite athletes and controls 
with right‑hand dominance were included in our study, 
which showed larger BG volumes on the left than on the 
right in both athletes and sedentary individuals, probably 
due to the fact that the left brain comprised the dominant 
hemisphere in our participants. However, there was no 
difference when compared with the sedentary group. 
In addition, the BG sizes of athletes were higher than 
sedentary individuals in our study, although the difference 
was not statistically significant. It is possible that similar 

studies with larger sample size may allow more meaningful 
conclusions on that matter.

Our results showed significantly shorter auditory reaction 
time than visual reaction time in athletes, suggesting a 
more rapid responsiveness to auditory stimuli in these 
individuals. Therefore, athletes might have developed 
concentration habits mainly for responding to auditory 
stimuli rather than visual stimuli during sportive activities.

Our study has several limitations. Our sample size was 
relatively limited due to a number of factors such as the low 
number of volunteering young adult elite athletes as well 
as the claustrophobic subjects who were unable to undergo 
MRI examination. Furthermore, several BG structures 
such as the subthalamic nucleus, nucleus accumbens, and 
substantia nigra were excluded from analyses due to their 
small size and poor image quality on MRI. Since the 
putamen and globus pallidus could not be readily discerned, 
they were collectively measured under the umbrella 
term of “lentiform nucleus.” Furthermore, subjects who 
refused to perform 5 repetitions of preparatory tests and 
10 consecutive repetitions of formal measurements were 
excluded.

Conclusion
Identification of differences between professional elite 
athletes and sedentary subjects is important using the 
volumetric evaluation technique through stereological 
analysis. The technique is unbiased, easy, and simple.[15,17,29‑31] 
Assessment of the effect of motor coordination and motor 
movement control on BG volume changes may provide 
valuable information, not only for elite athletes but also 
for improving motor coordination in diseases affecting the 
neuromuscular system.[27,28] Establishing reference ranges 
for BG volumes and audiovisual reaction time among elite 
athletes may allow researchers to develop selection criteria 
in different fields of sports for the early identification 
of potential elite athletes. To the best of our knowledge, 
our study is the first of its kind in assessing the effect of 
exercise on BG volume as well as the correlation between 
BG volume and audiovisual reaction time.

Further cross‑sectional, multidisciplinary studies comparing 
athletes from different branches of sports that also include 
volume measurements in other relevant brain structures 
affecting motor control (e.g., cerebellum) may shed further 
light on this subject. We believe that our results represent a 
valuable contribution to the knowledge on BG morphology 
in athletes and sedentary individuals and may prove to be 
important for sportspeople and clinicians alike.
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Abstract
An accessory abductor pollicis longus (APL) tendon is present in more than 80% of people, but 
a separate muscle belly is present in only 20% of people. The present article documented the 
atypical anatomical variation of APL found during routine dissection. The muscle had three bellies 
and three tendons with unique bifurcation and attachments in the right upper limb of a 52‑year‑old 
male cadaver. The variation of APL is clinically important for surgeons doing flap surgeries, tendon 
transfer, for surgeons dealing with De Quervain’s tenosynovitis, and in any operative procedure 
involving the forearm and hand. Multiple APL tendons can be regarded as a functional advantage 
since injured tendons can be compensated by healthy ones. In addition, knowledge of the anatomy 
of the area is essential for treating this condition surgically by performing a tendon release after 
conservative treatment has failed.

Keywords: Abductor pollicis longus, accessory abductor pollicis longus, case report, De Quervain’s 
tenosynovitis
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Introduction
The abductor pollicis longus (APL) is one of 
the deep muscles of the extensor compartment 
of the forearm. APL arises from the posterior 
surface of shafts of the radius and ulna and 
gets inserted into the lateral side of the base of 
the first metacarpal bone.[1] Variation of APL 
with supernumerary tendons is common. Very 
few studies are found on aberrant bellies with 
accessory tendons of APL. The variation of 
APL is clinically important for surgeons doing 
flap surgeries, tendon transfer, for surgeons 
dealing with De Quervain’s tenosynovitis, 
and in any operative procedure involving 
the forearm and hand. This study will help 
surgeons in identifying the cause of diseases 
related to pain in the thumb. This article 
reports a case of accessory APL (AAPL) with 
supernumerary bellies and tendons in the right 
upper limb of a 52‑year‑old male cadaver.

Case Report
An abnormal APL muscle was encountered 
during the dissection of the right upper 
limb of a 52‑year‑old male cadaver. Dead 
body donation NOC declared by relatives 
has been obtained.

Dissection is done using the standard 
protocol. A vertical incision is made with 

22 number surgical blade at the back 
of the forearm. With the help of tooth 
forceps and 22 number surgical blade the 
skin, superficial fascia and deep fascia 
are removed to expose the extensor 
retinaculum (ER), superficial group of 
muscles and deep group of muscles of 
extensor compartment of the forearm.

The first compartment (C1) of ER is 
opened to expose the tendons of APL 
and extensor pollicis brevis (EPB). The 
EPB has its normal origin and insertion. 
While tracing the tendon of APL toward 
its origin, it is observed that it has three 
accessory tendons and three aberrant 
bellies [Figure 1].

Accessory APL had fleshy origin from the 
posterior surface of the shaft of the radius 
and ulna and the adjoining interosseous 
membrane. The muscle runs oblique and 
laterally from an apex formed by the 
origin  of the anconeus and supinator. The 
measurements were taken with the help of 
vernier caliper and measuring tape.

The muscle in the midway bifurcates at 
a distance of 6.5 cm from its origin into 
two bellies – upper belly (UB) and lower 
belly (LB). The LB again divides at a 
distance of 11.5 cm from its origin into LB1 
and LB2. The muscle gets inserted through 
three tendons – 1 arising from UB of length 
9 cm inserts into trapezium and 2 slips from 
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LB1 and LB2 of length 9.5 and 8.5, respectively, insert into 
the first metacarpal joint. As it proceeds distally, the three 
tendons pass from C1 of ER. The thickness is varying in 
the three tendons. The width of AAPL T1 is 0.4 cm, AAPL 
T2 is 0.2 cm and AAPL T3 is 0.4 cm, respectively. APL 
lies close to the radial nerve [Figures 2, 3 and Table 1].

EPB has its normal origin and insertion. It is noted that 
it has a very thin tendon as compared to APL and EPL. 
The left upper limb did not exhibit any obvious muscular 
variations. The three tendons of AAPL and EPB are 
crowded in a very confined space of the first compartment 
of ER.

The APL and EPB form the lateral boundary of the 
anatomical snuffbox. The tendon of APL can be seen and 
felt at the radial aspect of the anatomical snuffbox when 
the thumb and wrist are abducted against resistance at the 
carpometacarpal joint[2] [Figure 4].

Discussion
The effect of anatomical variation in the first compartment 
of ER can lead to the risk of developing De Quervain’s 
Disease (DQD), research on these variations could help to 
explain why some people are predisposed to this disorder 
more than others. Further study can be done in finding a 
relation between DQD with the occupation of the diseased 
and the presence of any notable anatomical variation of 
AAPL.

During embryological development, somites derived from 
skeletal muscle cells differentiate, proliferate, and migrate 
to limb buds. The associated connective tissue determines 
the muscle morphology and various attachments.[3,4]

During embryological development, the APL is divided 
into three separate slips of tendon mainly – dorsal, middle, 
and ventral.[5] The dorsal slip inserts on the first metacarpal 
bone, the middle slips interests to the trapezium bone, 
and the palmar slip inserts to opponens pollicis muscle.[6,7] 
As the length of the fetus increases to 50 mm, opponens 
pollicis is covered by fascia and thus loses contact with 
APL palmar slip. The dorsal tendon is attached to the first 
metacarpal bone. The middle tendon shows variation, it 

Table 1: Parameter of bellies and tendons of accessory 
abductor pollicis longus

Parameter Distance from 
origin (cm)

Length 
(cm)

Width 
(cm)

Upper belly 6.5 5.5 ‑
Lower belly 1 6.5 5.0 ‑
Lower belly 2 11.5 4.5 ‑
Tendon 1 ‑ 9.0 0.4
Tendon 2 ‑ 9.5 0.2
Tendon 3 ‑ 8.5 0.4

Figure 3: Width of tendons of accessory abductor pollicis longus (AAPL) 
(T1‑0.4 cm, T2‑0.2 cm, T3‑0.4 cm) and Length of bellies of accessory 
abductor pollicis longus (UB‑5.5 cm, LB1‑5.0 cm, LB2‑4.5 cm)

Figure 2: Length of tendons of accessory abductor pollicis longus (AAPL), 
Black circle indicates the insertion of AAPL into trapezium and 1st metacarpal 
joint. EPL: Extensor pollicis longus, EPB: Extensor pollicis brevis

Figure 4: Anatomical snuff box: Lateral boundary is formed by abductor 
pollicis longus (APL) and extensor pollicis brevis, Medial boundary is 
formed by APL. EPL: Extensor pollicis longus, APL: Abductor pollicis 
longus, EPB: Extensor pollicis brevis

Figure 1: Bifurcation of accessory abductor pollicis longus with 
supernumerary bellies and tendons: UB: Upper belly, LB: Lower belly, 
LB1: Lower belly1, LB2: Lower belly 2, T1: Tendon 1, T1: Tendon 2, T1: Tendon 3, 
ER: Externsor retinaculum, C1: Compartment 1, C2: Compartment 2, 
C3: Compartment 3, EPB: Extensor pollicis brevis, EPL: Extensor pollicis 
longus
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may completely regress or may fuse with the ventral or 
dorsal APL tendon having various insertion points.[8]

Normally it is seen that only one tendon of APL and EPB 
pass from the first compartment. But here, it was found 
that three tendons are passing from the first compartment 
resulting in compression and friction between these tendons 
resulting in swelling and inflammation developing DQD.

The prevalence of DQD is more common in women than 
in men mostly seen in people with occupations related to 
typing, gardening, knitting, or playing certain sports such 
as golf or tennis.[9] DQD causes pain and tenderness in the 
lateral aspect of the wrist which may radiate to the forearm. 
It also causes swelling and inflammation resulting in 
restricted movement of the thumb and grasping objects.[10]

Multiple APL tendons can be regarded as a functional 
advantage since injured tendons can be compensated by 
healthy ones. Awareness of variations of APL is helpful 
in reconstructive surgeries of the forearm and hand. The 
number and length of APL accessory tendons play an 
important role in the etiology of De Quervain’s stenosing 
tenovaginitis. Movements of the thumb are carried by 
extrinsic and intrinsic muscles. Awareness of APL muscle 
variants could, therefore, offer an effective solution for the 
appropriate recognition of these accessory tendons.[11]

The presence of multiple tendons of AAPL can be 
considered functional advantage for people suffering from 
DQD. Variation of APL is important for surgeons doing flag 
surgeries and reconstructive surgeries in DQD. Knowledge 
of variations in the anatomy of AAPL will be helpful in 
doing surgeries, in which conservative treatment has failed.
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Abstract
Circumaortic left renal vein is an uncommon developmental anomaly, usually detected incidentally 
however having significant clinical implications. It is important from surgical point of view as well 
as for any relevant endovascular intervention procedure. Here is a case of type‑1 circumaortic renal 
vein detected incidentally on Computed Tomography angiography study which was primarily done 
for evaluation of extrahepatic portal vein obstruction in this patient.
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Introduction
Different types of variations of the left renal 
vein have been described in the literature. 
Among these overall uncommon entities, 
more commonly seen include multiple 
left renal veins (LRVs), single retroaortic 
LRV, and circumaortic LRV. Circumaortic 
LRV (CLRV) forms a vascular ring (collar) 
around the abdominal aorta. Most of 
the time, these are detected unplanned 
on imaging studies and autopsies, and 
sometimes peroperatively. Initial studies 
were mainly cadaveric/autopsy based. 
These variations carry significant clinical 
implications from surgery as well as the 
interventional point of view. Furthermore, 
compression of the retroaortic LRV 
component may lead to renal venous 
hypertension, which may cause hematuria, 
and, in males, varicocele.[1‑3] This patient 
did not have any urinary complaints. In 
this case report, incidentally detected type‑1 
CLRV is being described and discussed 
with its clinical implications.

Case Report
This case refers to a young female 
patient who came with complaints of 
progressively increasing abdominal 
distension with the feeling of a lump 
on the left side for 1 year, accompanied 
by continuous discomfort/unease in the 
abdomen. Ultrasonography revealed portal 
cavernoma with splenomegaly and no 

ascites. Further evaluation was done with 
computed tomography (CT) angiography, 
which revealed features of extrahepatic 
portal vein obstruction (EHPVO), including 
portal cavernoma, perigastric‑splenic hilar 
collaterals, gastro‑esophageal varices, and 
splenomegaly. There was no dominant 
gastrorenal shunt.

Apart from features of EHPVO, analysis of 
CT images also revealed two left renal veins 
instead of the single left renal vein (LRV), 
i.e., superior and inferior LRV. Superior 
LRV was larger in diameter (dominant) and 
was seen in the usual expected location of 
the left renal vein. It was coursing from the 
left renal hilum to the inferior vena cava, 
passing anterior to the aorta (preaortic 
course). Inferior LRV was seen coursing 
oblique inferiorly from the left renal hilum, 
passing between the aorta and vertebra, to 
join IVC at the lower level (retro‑aortic 
course). At the left renal hilum, pre‑ and 
retro‑aortic veins were joining together 
to form a common trunk of CLRV. 
Pre‑ and retroaortic LRV together formed 
a loop or collar around the abdominal 
aorta [Figures 1 and 2].

Discussion
Circumaortic LRV is a developmental 
anomaly. It is one of three well‑described 
anomalies of LRV, the other two being 
multiple renal veins and retro‑aortic 
renal veins. Embryologically, there are 
two primitive renal veins on the left 
side– ventral and dorsal. Normally, the 
dorsal vein regresses, and the ventral 
vein develops into LRV proper. Failure 
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of regression of primitive dorsal renal vein leads to 
circumaortic LRV forming a vascular ring around the 
abdominal aorta.[1‑3] There are three types of CLRV: Type‑1 
with a preaortic and a retro‑aortic vein joining together at 
the renal hilum; Type‑2 where preaortic and retro‑aortic 
vein have parallel separate course till renal hilum without 
forming common trunk; Type‑3 characterized by multiple 
anastomosis between pre‑ and retro‑aortic vein or multiple 
veins.[3,4] In the case presented here, it was type‑1 CLRV.

The varying prevalence of this developmental anomaly 
has been reported. Many studies have reported its 
prevalence <1%. Old cadaveric studies reported higher 
prevalence (0.2%–30%). Few studies in recent decades have 
reported a median prevalence of 5% to 7%. In cadaveric 
studies, prevalence has been found to be higher.[3‑5]

Although most of the time, it is detected incidentally, it is 
important clinically. Both from the surgical point of view 
as well as for endovascular procedures, it is important to 
be aware of it if present in a given case. Compression 
of retro‑aortic component of CLRV, may be the cause 
of hematuria due to venous hypertension, though it is 
more likely in other variants, i.e., isolated retroaortic 
LRV. Furthermore, if missed and injured inadvertently 
during retroperitoneal or renal surgery, it may lead to 
complications such as hematuria. Similarly, missing it may 

lead to a failed endovascular procedure. Preprocedural 
knowledge of its presence will avoid complications and 
misses.[6,7]

If a case of EHPVO suffers from variceal bleeding, 
endoscopic management of varices is one of the commonly 
offered treatment options. However, if such patients 
also have developed a dominant gastrorenal shunt, the 
endovascular procedure in the form of balloon occluded 
retrograde transvenous obliteration (BRTO) of varices offers 
an additional established treatment option.[8] BRTO procedure 
requires cannulation of LRV; if it is CLRV, cannulation of 
both pre‑ and retroaortic veins would be required to define 
shunt and avoid treatment failure. The case presented here 
did not have a dominant gastrorenal shunt.

Preoperative/preintervention contrast‑enhanced CT or MRI 
studies should be analyzed in detail to look for variant vascular 
anatomy and the analysis for the primary disease process.

Conclusion
Anatomical variations in the left renal vein, including 
CLRV, though uncommon, have important clinical 
implications. Imaging studies such as CECT and MRI can 
provide information about their presence, and preprocedural 
knowledge about these variations has the potential to avoid 
complications and therapeutic failures.
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Figure 1: Axial images from the venous phase of computed tomography 
angiography study showing two left renal veins superior ([a] yellow arrow, 
dotted outline) and inferior ([b] blue arrow, solid outline) coursing anterior 
and posterior to aorta respectively. IVC: Inferior vena cava; Ao: Aorta; 
RK: Right kidney; LK: Left kidney

b

a

Figure 2: Coronal reformatted images (a and b) from the venous phase of 
computed tomography angiography study showing well outlined superior 
and inferior left renal vein (LRV) joining together to form the common trunk 
of circumaortic LRV (CLRV) at the renal hilum, i.e., type‑1 CLRV) (yellow star). 
IVC: Inferior vena cava, Ao: Aorta, Sp LRV: Superior left renal vein, Inf LRV: 
Superior left renal vein, black star: left inferior phrenic vein joining Sp LRV, 
Red star: left gonadal vein joining common trunk of CLRV. LK: Left kidney
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terms, abbreviations, and most symbols. Specify the computer 
software used. Use upper italics (P 0.048). For all P values 
include the exact value and not less than 0.05 or 0.001. Mean 
differences in continuous variables, proportions in categorical 
variables and relative risks including odds ratios and hazard 
ratios should be accompanied by their confidence intervals.

Results: Present your results in a logical sequence in the 
text, tables, and illustrations, giving the main or most 
important findings first. Do not repeat in the text all the 
data in the tables or illustrations; emphasize or summarize 
only important observations. Extra‑ or supplementary 
materials and technical detail can be placed in an appendix 
where it will be accessible but will not interrupt the flow 
of the text; alternatively, it can be published only in the 
electronic version of the journal.

When data are summarized in the Results section, give 
numeric results not only as derivatives (for example, 
percentages) but also as the absolute numbers from which 
the derivatives were calculated, and specify the statistical 
methods used to analyze them. Restrict tables and figures 
to those needed to explain the argument of the paper and 
to assess its support. Use graphs as an alternative to tables 
with many entries; do not duplicate data in graphs and 
tables. Where scientifically appropriate, analyses of the 
data by variables such as age and sex should be included.

Discussion: Include summary of key findings (primary 
outcome measures, secondary outcome measures, results 
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paper for validation. The letter could have up to 500 words 
and 5 references. It could be generally authored by not 
more than four authors.

Book Review: This consists of a critical appraisal of 
selected books on Anatomy. Potential authors or publishers 
may submit books, as well as a list of suggested reviewers, 
to the editorial office. The author/publisher has to pay INR 
10,000 per book review.

Other:

Editorial, Guest Editorial, Commentary and Opinion are 
solicited by the editorial board.

References

References should be numbered consecutively in the order in 
which they are first mentioned in the text (not in alphabetic 
order). Identify references in text, tables, and legends by 
Arabic numerals in superscript with square bracket after 
the punctuation marks. References cited only in tables or 
figure legends should be numbered in accordance with the 
sequence established by the first identification in the text of 
the particular table or figure. Use the style of the examples 
below, which are based on the formats used by the NLM in 
Index Medicus. The titles of journals should be abbreviated 
according to the style used in Index Medicus. Use complete 
name of the journal for non‑indexed journals. Avoid using 
abstracts as references. Information from manuscripts 
submitted but not accepted should be cited in the text as 
“unpublished observations” with written permission from 
the source. Avoid citing a “personal communication” unless 
it provides essential information not available from a public 
source, in which case the name of the person and date of 
communication should be cited in parentheses in the text. 
The commonly cited types of references are shown here, 
for other types of references such as newspaper items 
please refer to ICMJE Guidelines (http://www.icmje.org 
or http://www.nlm.nih.gov/bsd/uniform_requirements.html).

Articles in Journals

1. Standard journal article (for up to six authors): Parija 
S C, Ravinder PT, Shariff M. Detection of hydatid 
antigen in the fluid samples from hydatid cysts by co‑
agglutination. Trans. R.Soc. Trop. Med. Hyg.1996; 
90:255–256.

2. Standard journal article (for more than six authors): List 
the first six contributors followed by et al. 

Roddy P, Goiri J, Flevaud L, Palma PP, Morote 
S, Lima N. et al., Field Evaluation of a Rapid 
Immunochromatographic Assay for Detection 
of Trypanosoma cruzi Infection by Use of Whole Blood. J. 
Clin. Microbiol. 2008; 46: 2022‑2027.

3. Volume with supplement: Otranto D, Capelli G, Genchi 
C: Changing distribution patterns of canine vector 
borne diseases in Italy: leishmaniosis vs. dirofilariosis.

Parasites & Vectors 2009; Suppl 1:S2. 

Books and Other Monographs

1. Personal author(s): Parija SC. Textbook of Medical 
Parasitology. 3rd ed. All India Publishers and 
Distributors. 2008.

2. Editor(s), compiler(s) as author: Garcia LS, Filarial 
Nematodes In: Garcia LS (editor) Diagnostic Medical 
Parasitology ASM press Washington DC 2007: pp 319‑
356.

3. Chapter in a book: Nesheim M C. Ascariasis and 
human nutrition. In Ascariasis and its prevention and 
control, D. W. T. Crompton, M. C. Nesbemi, and 
Z. S. Pawlowski (eds.). Taylor and Francis,London, 
U.K.1989, pp. 87–100.

Electronic Sources as reference

Journal article on the Internet: Parija SC, Khairnar K. 
Detection of excretory Entamoeba histolytica DNA in 
the urine, and detection of E. histolytica DNA and lectin 
antigen in the liver abscess pus for the diagnosis of 
amoebic liver abscess. BMC Microbiology 2007, 7:41.
doi:10.1186/1471‑2180‑7‑41. http://www.biomedcentral.
com/1471‑2180/7/41

Tables

• Tables should be self‑explanatory and should not 
duplicate textual material.

• Tables with more than 10 columns and 25 rows are not 
acceptable.

• Number tables, in Arabic numerals, consecutively in the 
order of their first citation in the text and supply a brief 
title for each.

• Place explanatory matter in footnotes, not in the 
heading.

• Explain in footnotes all non‑standard abbreviations that 
are used in each table.

• Obtain permission for all fully borrowed, adapted, and 
modified tables and provide a credit line in the footnote.

• For footnotes use the following symbols, in this 
sequence: *, †, ‡, §, ||,¶ , **, ††, ‡‡

• Tables with their legends should be provided at the end 
of the text after the references. The tables along with 
their number should be cited at the relevant place in the 
text

Illustrations (Figures)

• Upload the images in JPEG format. The file size should 
be within 1024 kb in size while uploading.

• Figures should be numbered consecutively according to 
the order in which they have been first cited in the text.

• Labels, numbers, and symbols should be clear and of 
uniform size. The lettering for figures should be large 
enough to be legible after reduction to fit the width of a 
printed column.

• Symbols, arrows, or letters used in photomicrographs 

http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.biomedcentral.com/1471-2180/7/41
http://www.biomedcentral.com/1471-2180/7/41
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should contrast with the background and should be 
marked neatly with transfer type or by tissue overlay 
and not by pen.

• Titles and detailed explanations belong in the legends 
for illustrations not on the illustrations themselves.

• When graphs, scatter‑grams or histograms are submitted 
the numerical data on which they are based should also 
be supplied.

• The photographs and figures should be trimmed to 
remove all the unwanted areas.

• If photographs of individuals are used, their pictures 
must be accompanied by written permission to use the 
photograph.

• If a figure has been published elsewhere, acknowledge 
the original source and submit written permission from 
the copyright holder to reproduce the material. A credit 
line should appear in the legend for such figures.

• Legends for illustrations: Type or print out legends 
(maximum 40 words, excluding the credit line) 
for illustrations using double spacing, with Arabic 
numerals corresponding to the illustrations. When 
symbols, arrows, numbers, or letters are used to 
identify parts of the illustrations, identify and explain 
each one in the legend. Explain the internal scale 
(magnification) and identify the method of staining in 
photomicrographs.

• Final figures for print production: Send sharp, glossy, 
un‑mounted, color photographic prints, with height 
of 4 inches and width of 6 inches at the time of 
submitting the revised manuscript. Print outs of digital 
photographs are not acceptable. If digital images are 
the only source of images, ensure that the image has 
minimum resolution of 300 dpi or 1800 x 1600 pixels 
in TIFF format. Send the images on a CD. Each figure 
should have a label pasted (avoid use of liquid gum for 
pasting) on its back indicating the number of the figure, 
the running title, top of the figure and the legends of the 
figure. Do not write the contributor/s’ name/s. Do not 
write on the back of figures, scratch, or mark them by 
using paper clips.

• The Journal reserves the right to crop, rotate, reduce, or 
enlarge the photographs to an acceptable size. 

Protection of Patients’ Rights to Privacy
Identifying information should not be published in written 
descriptions, photographs, sonograms, CT scans, etc., and 
pedigrees unless the information is essential for scientific 
purposes and the patient (or parent or guardian, wherever 
applicable) gives informed consent for publication. Authors 
should remove patients’ names from figures unless they 
have obtained informed consent from the patients. The 
journal abides by ICMJE guidelines:

1. Authors, not the journals nor the publisher, need to 
obtain the patient consent form before the publication 
and have the form properly archived. The consent 

forms are not to be uploaded with the cover letter or 
sent through email to editorial or publisher offices.

2. If the manuscript contains patient images that preclude 
anonymity, or a description that has obvious indication 
to the identity of the patient, a statement about obtaining 
informed patient consent should be indicated in the 
manuscript.

Sending a revised manuscript
The revised version of the manuscript should be submitted 
online in a manner similar to that used for submission of 
the manuscript for the first time. However, there is no need 
to submit the “First Page” or “Covering Letter” file while 
submitting a revised version. When submitting a revised 
manuscript, contributors are requested to include, the 
‘referees’ remarks along with point to point clarification at 
the beginning in the revised file itself. In addition, they are 
expected to mark the changes as underlined or colored text 
in the article.

Reprints and proofs
Journal provides no free printed reprints. Authors can 
purchase reprints, payment for which should be done at the 
time of submitting the proofs.

Publication schedule
The journal publishes articles on its website immediately 
on acceptance and follows a ‘continuous publication’ 
schedule. Articles are compiled in issues for ‘print on 
demand’ quarterly.

Copyrights
The entire contents of the Journal of the Anatomical 
Society of India are protected under Indian and 
international copyrights. The Journal, however, grants to 
all users a free, irrevocable, worldwide, perpetual right of 
access to, and a license to copy, use, distribute, perform 
and display the work publicly and to make and distribute 
derivative works in any digital medium for any reasonable 
non‑commercial purpose, subject to proper attribution of 
authorship and ownership of the rights. The journal also 
grants the right to make small numbers of printed copies 
for their personal non‑commercial use under Creative 
Commons Attribution‑Noncommercial‑Share Alike 4.0 
Unported License.

Checklist
Covering letter

• Signed by all contributors
• Previous publication / presentations mentioned
• Source of funding mentioned
• Conflicts of interest disclosed
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Authors

• Last name and given name provided along with Middle 
name initials (where applicable)

• Author for correspondence, with e‑mail address provided
• Number of contributors restricted as per the instructions
• Identity not revealed in paper except title page (e.g. 

name of the institute in Methods, citing previous study 
as ‘our study’, names on figure labels, name of institute 
in photographs, etc.)

Presentation and format

• Double spacing
• Margins 2.5 cm from all four sides
• Page numbers included at bottom
• Title page contains all the desired information
• Running title provided (not more than 50 characters)
• Abstract page contains the full title of the manuscript
• Abstract provided (structured abstract of 250 words for 

original articles, unstructured abstracts of about 150 words 
for all other manuscripts excluding letters to the Editor)

• Key words provided (three or more)
• Introduction of 75‑100 words
• Headings in title case (not ALL CAPITALS)
• The references cited in the text should be after 

punctuation marks, in superscript with square bracket.
• References according to the journal’s instructions, 

punctuation marks checked

• Send the article file without ‘Track Changes’

Language and grammar

• Uniformly American English
• Write the full term for each abbreviation at its first 

use in the title, abstract, keywords and text separately 
unless it is a standard unit of measure. Numerals from 1 
to 10 spelt out

• Numerals at the beginning of the sentence spelt out
• Check the manuscript for spelling, grammar and 

punctuation errors
• If a brand name is cited, supply the manufacturer’s 

name and address (city and state/country).
• Species names should be in italics

Tables and figures

• No repetition of data in tables and graphs and in text
• Actual numbers from which graphs drawn, provided
• Figures necessary and of good quality (colour)
• Table and figure numbers in Arabic letters (not Roman)
• Labels pasted on back of the photographs (no names 

written)
• Figure legends provided (not more than 40 words)
• Patients’ privacy maintained (if not permission taken)
• Credit note for borrowed figures/tables provided
• Write the full term for each abbreviation used in the 

table as a footnote
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