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STUDY OF VARIATIONS OF CERVICAL SEGMENT OF
INTERNAL CAROTID ARTERY

Mahendra Kumar Pant !, Jayanti Pant 2

1. Department of Anatomy, Government Doon Medical College Dehradun, Uttarakhand, India
2. Department of Physiology, AIIMS, Rishikesh, Uttarakhand, India

ABSTRACT

Introduction: Presence of variations in the course of the cervical (extracranial) part of the internal
carotid artery (1.C.A.) in the form of tortuosity, kinking, coiling or looping is a rare condition. These may
be attributed to embryological or acquired factors. Patients with such variations may be asymptomatic
in some cases, whereas, they may develop cerebrovascular symptoms due to carotid stenosis affecting

cerebral circulation.

Materials and methods: The present study was performed during routine undergraduate dissection
classes in total 21 human cadavers (6 females and 15 males) on bilateral sides.

Results: Bilateral kinking and looping of the cervical part of the I.C.A. was found in two cadavers.

Conclusions: The risk of transient ischemic attacks (TIA) in patients with carotid stenosis is high and
surgical correction is indicated as a part of treatment. Further, patients having these variations are more
prone to injury during radical neck dissection and other surgical operations of the neck region.
Knowledge about anatomy of such variations provides a framework to review the embryogenesis of the

structure and also provides insight into surgical, medical and radiological implications.

Keywords: Looping, Internal carotid artery, Variations

INTRODUCTION neck within the carotid sheath [1-3]. ICA

Neck is the vital area which contains major
blood vessels supplying the brain. The Internal
Carotid Artery (ICA), which constitutes a major
medium of blood circulation to brain, is one of
the terminal branches of the common carotid

artery. ICA passes straight upward through the

generally comprises of four parts namely,
cervical, petrous, cavernous and cerebral part.
In Cervical region, ICA generally has a straight
course and rarely gives any branch. ICA lies
superficially in the carotid triangle and then

takes a deep course medial to the posterior
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belly of digastric muscle. Carotid sinus is a
bulbous enlargement located at the beginning
of ICA and functions as a baroreceptor which

regulates heart rate and blood pressure [3].

Variations in the cervical segment of ICA are
said to be between 10 and 40% of the
population. These variations are usually
bilateral [4-9]. ICA variations have been
observed in 4-66% in adults and 16-43% in
children [10-13].

Sometimes, the cervical part of ICA may be
tortuous especially when it is located closer to
tonsil [4]. This makes the ICA prone to injury
during surgical procedures like tonsillectomy,
drainage of peritonsillar abscess, soft palate
injuries, as well as adenoidectomy and

velopharyngeoplasty [14-20].

The explanation for origin of such variations of
ICA has been described by various
researchers. Some studies report that the
variations  represent congenital vascular
anomalies, whereas other studies correlate
these variations to arteriosclerotic pathology or
fiboromuscular dysplasia [21,22].

Though there may be different explanations
supporting the variations of ICA, their
knowledge is important for the clinicians who
deal with patients suffering from
cerebrovascular diseases and surgeons who
operate in head-neck region. In the present
study, we discuss the variations of ICA, which
were observed in cadavers while performing
dissection to teach first year undergraduate

students.

MATERIALS AND METHODS

The present study was conducted during
routine educational dissection for
undergraduate students. In this study, we
explored 21 (twenty-one) cadavers which were
formalin fixed. Dissection of cervical part of ICA
was performed bilaterally (42 ICA) following
standard procedure of dissection. To begin
with, common carotid artery was identified by
retracting the sternocleidomastoid. Then it was
traced towards upper end of thyroid cartilage of
larynx. Atthe upper end of thyroid cartilage, the
common carotid artery (CCA) bifurcated into
external and internal carotid artery. In the
cervical segment, the origin of branches from
ICA and distribution in the neck area were

observed.

RESULTS

All formalin preserved 21 human cadavers were
dissected on both right and left side (total 42
ICA were studied). Of these, variations were
observed in cervical part of ICA in 2 male

cadavers on bilateral sides (Table 1).

In one 60 year old male cadaver, we could
observe the kinking and looping of cervical part
in bilateral internal carotid artery. On right side,
the internal carotid artery was found to arise
from the common carotid artery at the level of
upper border of thyroid cartilage. The artery
coursed postero-superiorly up to the angle of
mandible to make a loop (proximal) and then
descended up to the greater cornu of hyoid
bone to form another loop (distal). Finally it
ascended supero-medially to reach the carotid

canal (Fig. 1).



Variations in ICA

On the left side, the ICA originated from CCA at
the level of upper border of thyroid cartilage
then coursed postero-superiorly up to the angle
of mandible to make a loop (proximal) and then
descended up to the greater cornu of hyoid
bone to form another loop (distal). Finally, it
ascended supero-medially to reach the carotid
canal. Carotid sinus as dilatations were also
observed on both sides. The loops of ICA on
bilateral sides appeared as S-shaped loop (Fig.
2).

In another cadaver of about 69 year old male,
we observed a different pattern of ICA on both
left and right side. On right side, after origin
from CCA, ICA travelled in a straight course in
cervical region. External carotid artery (ECA)
was located lateral to ICA. ICA did not give any

branch from the cervical part (Fig. 3)

On left side, ICA had a tortuous course.
Immediately after origin, it was dilated to form
carotid sinus. Thereafter, the ICA travelled

straight on the lateral side and became deeper
(Fig. 4).

DISCUSSION

Exploration of anatomy of the neck region is
essential for identification of the blood vessels.
The CCA and its branches ECA & ICA, act as
an important landmark for neck dissection. ICA
develops from third aortic arch and cranial part
of dorsal aorta. During the process of
development at around fifth and sixth
embryonic weeks, a loop is formed where these

two vessels meet.

Fig. 1. Right Side Loops of Internal Carotid Artery in
cadaver (60 year male) 1. Common Carotid Artery 2.
Internal Carotid Artery 3. Proximal loop 4. Distal loop 5.
Internal Jugular vein 6. Vagus nerve 7. External Carotid
Artery

Fig. 2. Left Side S-shape Loop of Internal Carotid Artery
in cadaver (60 year male). 1. Internal Carotid Artery 2.
Proximal loop of Internal Carotid Artery 3. Distal loop
of Internal Carotid Artery 4. Internal Jugular Vein
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At the same time, the heart and the large
vessels descend into the mediastinal space,
which causes straightening of the ICA. In case
this development is affected at any phase, it
leads to formation of a loop in the ICA. Most of
the times, ICA follows a straight course in the
cervical region but malformations of ICA are
also common which alter the regular anatomy.
Some vessels are longitudinally elongated and
become tortuous. In our observation, in two

cadavers we found tortuous and looped ICA.

S or C shaped loops and tortuosities are
reported to arise due to embryological
development of branchial arch arteries [5].
During development, large vessels descend
into mediastinal space and this leads to
elongation and straightening of arteries. Any
obstruction in this process or excessive growth
of artery may lead to the looping of artery.
Elongation of vessels is attributed to traction of
vessels by surrounding tissue which stretches
the vessel and increase pressure inside the
lumen of the vessel. Further, such variations
have been often linked to increasing age, where
arteriosclerosis, stenosis and loss of elasticity
of arterial walls have been associated with the
changes. The cadavers in our study were of
elderly humans and the variations may be result
of embryological malformation or age-related

degenerative changes.

These variations are prone to cause cerebral
ischemia or stroke. The change in diameter of
lumen of the ICA leads to decrease in blood
pressure to finally reduces cerebral circulation
to cause TIA [23]. However, reduction in blood

pressure leads to activation of baroreceptors

Fig. 3. Right Side of Internal Carotid Artery in cadaver
(69 year male) 1. Common Carotid Artery 2. Internal
Carotid Artery 3. External Carotid Artery

Fig. 4. Left Side of Internal Carotid Artery in cadaver (69
year male) 1. Common Carotid Artery 2. Internal Carotid
Artery 3. External Carotid Artery

which try to compensate for change in
pressure. Failure of the compensatory
mechanisms may lead to decreased blood flow
to brain. Further, studies have reported for
association of tortuosity of ICA with increased
BMI [24].
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The presence of these variations in elderly
population exposes them to a greater risk for
TIA. Hence knowledge of these variations is
pertinent for the surgeons, neurologists and
radiologists who deal with cerebrovascular

diseases.
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EFFECT OF MOBILE PHONE RADIATION ON ADRENAL
GLAND OF MALE ALBINO RATS
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ABSTRACT

Introduction: The tremendous growth in telecommunication world has increased the number of mobile
phone users to many folds. The benefits of cell phones are just half the picture. The other half may be
a darker one. The main aim of this study is to observe the effect of electromagnetic radiation being
emitted by mobile phones on adrenal gland microanatomy and the hormones released by the gland on

male albino rats.

Materials and methods: Forty-two male albino rats of Spargue-Dawley species were divided into two
equal groups. The experimental group rats were exposed to mobile phone radiation operating at 900
MHz while the control group rats were not. At the end of every two months, seven rats were sacrificed

to analyse histological and hormonal changes.

Results: No changes were seen at the cellular level of the adrenal glands even after six months of
radiation exposure. Hormonal assay showed a variation in the cortisol levels of the rats but the changes

were within normal range.

Conclusions: Lack of appreciable changes in the cellular morphology and hormonal levels even after
six months of radiation exposure signify that the adrenal glands are not affected by exposure to mobile
phones.

Keywords: Mobile Phone, Albino Rats, Adrenal Gland, Cortisol.

INTRODUCTION enables more people to communicate

GSM stands for Global System for Mobile
communications. It is a digital mobile telephone
system used in most parts of the world. GSM

uses a time division multiple access which

simultaneously with a station. According to
GSM world, there are now more than 3 billion
GSM mobile phone users worldwide with China
referenced as the largest single GSM market

with more than 370 million users [1].
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Tremendous growth in the use of cell phones
has led to more demand for land to site
telecommunication base stations and related
infrastructures. However, as cell phone usage
skyrockets, the concern over potential health
risks rises as well. This is a consequence of the
radiation emitted by handsets and base stations
that receive and transmit the signals. Although
some scientists and researchers across the
globe claim there is no adverse effect from the
use of mobile phones and its base stations,
others in different countries in different
laboratories, are finding disturbing results that
point to far greater health implications than

anyone is ready for [2].

Having suggested the potentially harmful
effects of EMW radiation on some biological
systems, recent studies have dealt with the
concerns regarding the safety of radio
frequency (RF)-EMW exposure. For example,
the microwaves emitted by mobile phones have

been linked to several genetic defects [3-5].

Microwave radiation may induce chromosomal
instability and may lead to increased risk of
cancer as suggested by Sykes et al. in 2001
and 2002, by Mashevich et al. in 2003 and
Agarwal in 2007 [6-8]. Scientific researches
have highlighted some extremely hazardous
effects of exposure to radiation emitted from
cell phones on the human body. These effects
range from those at the molecular level
manifested as an increase in single and double
strand DNA breakages [9], change in Ornithine
decarboxylase activity [10], increased risk of
brain tumors [11] to disruption of learned
behavior, dysaesthesia, etc. [12] and an

increase in chick embryo mortality [13].

So according to the above effects of microwave
radiation, the risk on adrenal gland as an
essential organ becomes most important in the
study of this issue [14]. Results from
epidemiological studies indicate that cell phone
radiation power density even below the
standard level can cause symptoms such as
headache, heat sensation in the ears, memory
loss and fatigue and show significant
relationship with the duration of call / time of the
day [15-20].

Regarding the endocrine system, the sensitivity
of pineal gland, pituitary gland, adrenal gland
and thyroid gland as well as of the endocrine
pancreas, testicles and ovaries to EMWSs have
been investigated [21]. Various papers were
published on different endocrine glands but
adrenal gland was the least explored. Hence,
considering the lack of data on the effects of
GSM mobile phone-induced electromagnetic
fields on the adrenal gland and cortisol
hormone in humans, the aim of the present
study was to assess the potential alterations of
cortisol hormones and microanatomy of adrenal
gland after exposure to microwave radiation

emitted by mobile phones.

MATERIALS AND METHODS

VENUE: The entire study was conducted in the
department of Anatomy, BRD Medical College,
Gorakhpur in collaboration with the department
of Pharmacology of the institute. STUDY
MODEL: Forty-two male albino rats of Spargue
-Dawley species were chosen for the
experiment. INCLUSION CRITERIA: A) Male
rats B) Knowingly disease-free C) Age about
1.5 months-2 months D) Weight about 100-150

gms.
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PROCUREMENT: All the rats were procured
from Central Drug Research Institute, Lucknow
along with their health certificates. After the
procurement of the rats they underwent the
process of acclimatization for one week during
which they were fed with recommended pellet
diet and water ad libidum. Twelve-hourly day
and night cycle was maintained with
appropriated temperature and humidity. Ethical
clearance was taken from institutional animal
ethical committee and experiment was
performed as per the recommended guidelines.
GROUP DIVISION: The rats were divided into
2 groups having 21 rats each. Group A was the
control group and Group B was the
experimental group. Both the groups of rats
were given exactly the same conditions and
environment. The only difference was in the fact
that Group-B rats were exposed to mobile
phone radiation while Group A rats were not. In
fact, the control group of rats were kept in
different room in order to avoid any exposure to
radiation. RADIATION SET UP: Plastic cages
normally available for rat housing were used
and the base of the cage was floored with
thermocol sheet. A slot was cut at the corner of
the cage in thermocol sheet to adjust the mobile
phone in it. The cage was partitioned using a
wooden plank in order to restrict the movement
of rats during the experiment. A GSM model
mobile phone with frequency bandwidth of 900
MHz and power of 2 watt with a SAR value of
0.38 W/Kg was used to carry out the
experiment. When the experiment was ‘ON’, a
call was made from another cell phone on the
mobile phone being kept inside the cage and
the call was received in order to make the
phone on answering mode for the next one

hour. During this period, the rats remained in

touch with the mobile phone and were receiving
the radiations just like humans [22-25]. The
entire experiment was repeated for 6 months
and at the end of every two months, seven rats
from both the group were scarified and the
tissue of adrenal gland and their blood sample
were collected for analysis. HORMONAL
ANALYSIS: After the sacrifice of rats from both
the groups, the blood sample of each rat was
collected directly from the heart and was sent
immediately to the lab for hormonal analysis of
cortisol. Reports were collected and the data
obtained was tabulated and analysed.
HISTOLOGICAL ANALYSIS: Just after the
sacrifice of rats the adrenal gland was procured
and was kept in 10% formalin solution. The
tissues collected were processed using routine
tissue processing technique used for
Hematoxylin and Eosin staining methods.
Slides were prepared and visualized under

microscopes.

RESULTS

A. MICROSCOPIC ANALYSIS

CONTROL GROUP: (Fig. 1-a)

e The interior of the adrenal gland was divided
into outer cortex and inner medulla.

e Cortex further exhibited three concentric
zones: - zona glomerulosa, zona fasiculata
and zona reticularis.

e Zona glomerulosa was a thin zone interior to
the adrenal gland capsule. It consisted of
cells arranged in small clumps.

e Zona fasiculata was intermediate and the
thickest zone of the adrenal cortex. This
zone exhibited vertical columns of one cell

thickness adjacent to straight capillaries. It
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consisted of pale staining cells due to
increased lipid droplets.

e Zonareticularis was the innermost zone that
was adjacent to the medulla. The cells here
were arranged in cords or clumps.

o Medulla lied toward the centre of the gland,
cells here were also arranged in small cords
and were secretory in nature (epinephrine
and nor-epinephrine).

¢ Medulla contained a lot of capillary network.

EXPERIMENTAL GROUP:
At the time of 2" month of sacrifice: (Fig. 1-b)

e No appreciable changes were observed
after 2" month of radiation doses to the rats.

e The microscopic picture observed was more
or less similar to the control group of rats.

At the time of 4" month of sacrifice: (Fig. 1-c)

No appreciable changes were observed

after 4" month of radiation doses to the rats.

At the time of 6" month of sacrifice: (Fig. 1-d)

No appreciable changes were observed

after 6" month of radiation doses to the rats.

Lack of changes at the cellular level in
adrenal gland even after the exposure of 6
months was a clear indication of the fact that
whatever other changes in parameter
observed were not because of stress. This
fact was very well supported by the level of

corticosteroid hormones which showed no

rise during the experiment.

Fig. 1. Microscopic picture of Adrenal gland (40x) (a) Control group, (b) Experimental group at 2 months

(c) Experimental group at 4 months and (d) Experimental group at 6 months

10
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B. .HORMONAL ANALYSIS

e The analysis done from the data obtained for
the cortisol level suggested that there were
no changes occurring in the level of cortisol
throughout the experiment.

e After 2" month of experiment, the tables
and bar diagram showed that there was
variation in the level of cortisol in both the
groups of rats but the data obtained from
both the groups remained within the normal
range. (Fig. 2).

e The same result was obtained from the data
analysis after four months (Fig. 3) and after
six months of the experiment (Fig. 4).

e Whether it the

experimental group of rats, the level of

was the control or

cortisol remained within the limits of normal
range.

e This data also indicated that throughout the
experiment there was no increase in the
stress of rats.

e Hence the changes being observed at any

level were not due to any stress to the rats.

DISCUSSION

that

electromagnetic radiation emitted from base

Various researches have suggested
stations and cell phones have destructive
effects on tissues in two ways. To begin with,
warm impacts happen by means of increment
in bodily warmth by electromagnetic vitality,
which is consumed by the body. Second, non-
warm impacts show up as changes in cerebrum

capacities and headaches [26].

Studies concentrating on the impacts of EMR

radiated by mobile phones have yielded

11

dubious outcomes. Past investigations have
detailed that radiofrequency waves produced
especially by the third era mobile phones may
affect the immunological

status, sensory

system, hematological status, cardiovascular

typical
development and genes [27], cells [28], tissues

capacities, urinary  framework,
[29], organs and embryonic improvement [30].
Alongside this, EMR may likewise prompt DNA

damage.

However, on the other hand there are studies in
the literature reporting that cell phones do not
have an effect on blood-brain barrier, testes,
sperm morphology, semineferous tubules and
Leydig cells of the rats and do not cause a

significant change in mean fetal heart rate [31].

Similarly, in comprehensive studies conducted
in the USA and Denmark, it was reported that
cell phone use was not associated with
increased risk of brain tumor [32], direct
genotoxic, mutagenic or cytotoxic effects [33].
To date such studies reporting hazardous as
well as non-hazardous effects have used
different experimental animal models like rats

[34], mice [35], chick [36], etc.

In our study, we investigated the effect of
mobile phone radiation operating at 900 MHz
upon one important organ, that is the adrenal
gland, over a period of 6 months and found that
there was not much appreciable change
occurring in the histology or physiology of the
adrenal gland. However, Sima and Imam et al
found alterations in the cortisol level of rats after
exposure for 6 hours daily for 8 weeks. They
also reported that the zona fasciculata layer of
adrenal cortex eventually thickened following

mobile RF radiation. The quantity of cellsin
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1St day 2nd month

R.no Control Experimental Control Experimental

1 0.29 1.42 0.22 1.29

2 0.31 1.38 0.26 0.87

3 0.44 0.76 0.34 0.44

4 2.01 0.82 1.44 0.57

5 1.46 0.97 1.32 0.78

6 0.91 2.10 0.72 1.88

7 1.78 1.21 1.66 1.09
Mean | 1.028571 1.237143 0.85142857 0.988571
SD 0.72299 0.46046 0.61197572 0.488106
P 0.5278 0.6676
value

Table 1. Comparison of Cortisol in Experimental and Control Group of rats after 2" month

1.8

level of cortisol
in ug/dl

1 2 3 4 5 6
Rat number

7

Comparison of Cortisol level in Control and Experimental
groups of rats after 2 months

(0.2-2.6)
Normal cortisol level
0.2-2.6 pg/dl

M Cortisol level in
Control group of rats
after 2 month

M Cortisol level in
experimental group of
rats after 2 month

Fig. 2. Comparison of Cortisol in Experimental and Control groups of rats after 2" month
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15t day 4" month

R.No Control Experimental Control Experimental

1 2.10 1.43 1.78 1.23

2 2.20 1.92 2.01 1.65

3 1.89 1.94 1.77 1.74

4 1.32 2.56 0.76 2.00

5 1.40 2.53 0.87 2.32

6 1.23 1.38 1.02 1.09

7 1.86 2.52 1.65 2.34
Mean 1.714286 2.04 1.408571 1.76714286

S.D 0.392762 0.512022 0.508312 0.49151854

Pvalue 0.1989 0.1987

Table 2. Comparison of Cortisol in Experimental and Control groups of rats after 4" month

Comparison of Cortisol in Experimental and Control groups
25 ——Oof rats-at 4th-month-

15 -

level of cortisol in

rats in ug/dl B Level of Cortisol in

Control group of rats
after 4 months

Rat number

Fig. 3. Comparison of Cortisol in Experimental and Control groups of rats after 4" month

13



J Anat Sci. 2020 Jun;28(1):07-17

1 day 4™ month
R.No Control Experimental Control Experimental
1 2.56 2.34 2.31 2.01
2 2.39 2.56 2.12 2.34
3 2.32 2.30 2.03 2.10
4 2.09 1.12 1.67 0.98
5 1.96 2.51 1.89 2.33
6 181 2.48 1.65 2.08
7 1.54 2.55 0.87 2.31
Mean 2.095714 2.265714 1.791429 2.02142
S.D 0.356224 0.515165 0.470334 0.478589
Pvalue 0.4811 0.3780
Table 3. Comparison of Cortisol in Experimental and Control groups of rats after 6" month
Comparison of Cortisol of Experimental and Control groups of
rats after 61" month
2.5
2 -
m Level of Cortisol in
15 Control group of rats
level of cortisol after 6th months
in rats in ug/dl
1 ] . .
M Level of Cortisol in
experimental group
0.5 1 of rats after 6th
months
0 -
1 2 3 4 5 6 7
Rat number

Fig. 4. Comparison of Cortisol in Experimental and Control groups of rats for 6" month
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zona fasciculata stayed steady, in spite of the
expanding phone size and edge during RF

presentation.

Alteration in results may be due to the species

of rats, their morphology, environmental
conditions, amount and duration of exposure to
radiation, etc. Any conclusive result to be
quoted requires more extensive study with

more parameters.

CONCLUSION

The results obtained from our experiment
showed that even after an exposure of rats to
mobile phone radiation for 6 months, there were
no significant changes obtained in adrenal
gland morphology at microscopic level and
even the hormonal level. Though variation in
the level of the hormone was very well reported
but the data obtained after the analysis was all
within the limit of normal range of cortisol level.
This also proves that the rats were not stressed
during the experiment and hence, any other
parameter studied will have minimum chances

of error due to stress factor.
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ABSTRACT

Introduction: The purpose of this study was to evaluate and correlate skeletal maturation stages of
Middle phalanx of third finger (MP3) with the onset of menarche in rural and urban school girls.

Materials and methods: 100 urban school girls and 100 rural school girls were randomly selected
comprising of 50 menarche unattained girls and 50 menarche attained girls respectively for each group.
For each subject, radiographs of middle phalanx of middle finger and record about onset of menarche
were taken after every three months for a total duration of one and half year comprising a total of 6

visits.

Results: The results showed onset of menarche at HI MP3 stage for 50%, HMP3 stage for 47.5% and
GMP3 stage for 2.5% in rural girls (subgroup D2) whereas onset of menarche was at HMP3 stage for
41.6%, HI MP3 stage for 50% and GMP3 stage for 8.33% in urban girls (subgroup B2). No significant
difference in the MP3 skeletal stage distribution of two groups was seen after applying Chi-square test
(P>0.05). The mean menarche attaining age of the rural girls was 12.6+.84 years and urban girls was
11.8+.79 years.

Conclusions: The correlation between MP3 skeletal maturation and onset of menarche, established
the onset of menarche at H and HI stage for both rural and urban school girls. The results show earlier

mean menarche-attaining age for urban girls than rural girls.

Keywords: Middle phalanx third finger (MP3), Menarche, Peak height velocity, Skeletal maturity
indicators, Growth
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Skeletal Maturation of MP3 and Onset of Menarche

INTRODUCTION

Skeletal maturation is the metamorphosis of the
cartilaginous and membranous bones of the
foetus to the fully ossified bones of the adult [1]
or can be defined as the degree of development
of ossification in bone [16]. As a person grows
from foetal life through child hood, puberty and
finishes growth as a young adult, the part of
bone, the epiphysis changes in size and shape.
There is initial appearance of epiphysis and
subsequent ossification of epiphyseal cartilage
and finally its fusion which can be appreciated
in the

radiographs. These sequences of

changes in bone is consistent for every
individual since everyone has his own biologic

clock.

The introduction of radiography by Roentgen
was of great utility in various fields. Hand and
wrist radiographs for skeletal maturation
assessment were first utilized by Greulich and
Pyle [17] followed by Grave and Brown [13],
Fishman [11] and Hagg and Taranger [15].
Similarly, lateral cephalograms for skeletal
maturation assessment were first utilized by
Lamparski [26] followed by Hassel and Farman
[16] and Baccettie et al. [5]. Skeletal maturation
assessment with the middle phalanx of the third
finger (MP3) was studied by Hagg and
Taranger [15] which was later modified by
Rajgopal and Kansal [27]. They described the
various stages of development of the middle
phalanx of the third finger as FMP3, FGMP3,
GMP3, HMP3, HIMP3 and IMP3 (Fig. 1) and
concluded that it is a simple, accurate, easy to
interpret, practical and economical method with

minimal radiation exposure for making a

19

decision on treatment timing when compared to

Cervical Vertebrae Maturation Index staging.

Menarche is a distinct benchmark for sexual
maturation. The age at menarche, an easily
recallable event, is an important biologic
indicator in assessing the physiologic maturity
in girls. The relationship between the growth
spurt in body height and onset of menarche has
been investigated [25,28]. It has been seen that
the peak height velocity is attained a year
before menarche [8] and so, it occurs after the
initiation of the adolescent growth spurt. It is
known to be influenced by genetics, ethnic
origins, socioeconomic status, general living

conditions, and environmental factors [19].

The identification of skeletal maturation levels
and its correlation with onset of menarche
provides a very useful means of identifying
specific periods along the path of adolescent
growth that provides a new dimension for
evaluating general and individual growth
including facial growth with the help of middle
phalanx of third finger (MP3) radiographs. This
identification of peak growth period helps in
treating such as

orthopaedic problems

mandibular  retrognathism effectively by
myofunctional appliance therapy. These are
designed to alter the position of mandible both
sagittally & vertically inducing lengthening of
the mandible and stimulating increased growth
at the condylar cartilage. Hence the aim of this
study is to evaluate and correlate skeletal
maturation stages of MP3 (Middle phalanx of
third finger) with the onset of menarche in rural

and urban school girls.



J Anat Sci. 2020 Jun;28(1):18-27

MATERIALS AND METHODS

This was a prospective longitudinal study
consisting of 200 girls randomly divided into
100 urban school girls (Group I) and 100 rural
school girls (Group II). 100 urban girls (Group 1)
further consisted of 50 menarche unattained
girls (Sub group B) and 50 menarche attained
girls (Sub group A). Out of 50 menarche
unattained urban girls (Sub group B) 25
remained unattained (Subgroup B1), 24 had
attained menarche (Subgroup B2) and there
was 1 drop out. Similarly, 100 rural girls (Group
) further consisted of 50 menarche unattained
girls (Sub group D) and 50 menarche attained
girls (Sub group C) Out of 50 menarche
girls (Sub group D) 10
remained unattained (Subgroup D1) and 40

unattained rural
had attained menarche (Subgroup D2). The
age group of the sample was taken from 10
years to 14 years. A written consent from the
parents of school children was taken for taking
third finger Xray for the study.

For each subject, radiographs of middle
phalanx of middle finger and record about onset
of menarche were taken after every three
months and were taken for total duration of one
and half year comprising total of 6 visits. For
taking X-ray, armamentarium used for the study
was Portable X ray machine (Genoray portable
X-ray system Power output: 180W, Tube
Voltage: 60KV, Tube Current: 2mA, Focal Spot:
0.8mm, Exposure time set: 0.1-2.0 sec, Power
requirement: 22VDCQC), RVG (Digital
Radiovisiography, Kodak RVG 5100 system
resolution: 14 Ip/mm.) and customized portable

X ray box.

20

For taking X-ray, the RVG sensor was placed
over the finger and sensor stabilizing unit in the
X ray box. Then the moving glass slide was
placed over the sensor and individual was
asked to pass her hand inside the portable X-
ray box keeping their third finger on glass slide
which was placed over the stand. Then this was
exposed to X-rays by passing the X-ray tube
above it. The MP3 Xrays were evaluated and
staged according to the system given by
Rajgopal and Kansal [27] (Fig. 1). Our study
showed that Spearman’s rank correlation of
interobserver reliability ranged from 0.997 to
0.999 for

correlation for

the MP3 staging system. The
intraobserver reliability was
1.000 and all correlations were found to be

statistically significant.

Descriptive statistics were used to calculate the
the

age of onset of menarche.

means and standard deviations of
chronological
Unpaired T test for comparison of mean
menarche attaining age and for comparison of
MP3 stages at onset of menarche between

rural and urban girls were carried out.

F MP3 stage

FG MP3stage G MP3stage H MP3 stage HI MP3 stage | MP3 stage

FMP3stage FG MP3stage G MP3stage HMP3stage HI MP3 stage | MP3 stage

Fig. 1. Skeletal developmental stages of the middle
phalanx of the third finger.
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RESULTS

The mean age of the girls in our study was
12.19 £ 1.01 years. The mean age of the rural
girls (Group 1) was 12.24 + 1.04 years and
urban girls (Group Il) was 12.15 + 1 years
(Table 1 & Fig. 2). The mean menarche
attaining age of the rural girls was 12.6+.84
years and urban girls was 11.8+.79 years
(Table 2 & Fig. 3).

The age of attaining menarche was higher in
rural girls (subgroup D2) as compared to urban
girls (subgroup B2) and the difference was
statistically significant (P<.01) as shown in
(Table 2 and Fig. 3).

When comparing the menarche attaining age at
various modified skeletal MP3 maturation
stages for rural and urban group i.e. subgroup
D2 and B2, it showed onset of menarche at Hi
MP3 stage for 50%, HMP3 stage for 47.5% and
GMP3 stage for 2.5% in rural girls (subgroup
D2) whereas onset of menarche was at HMP3
stage for 41.6%, HIMP3 stage for 50% and
GMP3 stage for 8.33% in urban girls (subgroup

B2).

No significant difference in the MP3 skeletal
stage distribution of two groups was seen after
applying Chi-square test (P>0.05). (Table 3 and
Fig. 4).

The urban and rural girls who had already
attained menarche (subgroup C and D) showed
HI and | MP3 stages and unattained menarche
girls (subgroup B1 & D1) showed FG MP3 and
G MP3 stage.
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DISCUSSION

The knowledge of growth, its effect on

development of dentofacial complex in
particular and the body in general leads to early
prevention and interception of dentofacial
This

accurate interpretation of the inherent facio-

deformities. further depends upon

skeletal pattern and overall growth and

development.

Since several studies [2, 6, 27, 22, 18] showed
high correlation of MP3 developmental stages
when compared with CVMI stages or hand-
wrist assessment or with dental maturity
indicators, so MP3 stages can be used as sole
indicator for skeletal maturation assessment of
MP3

degree of clarity, with no superimposition of

an individual. radiograph show high
bones or variations in posture as in evaluation
of the cervical vertebrae. They show discrete,
easily identifiable stages of development, unlike
the more subtle changes in CVMI stages as
described by Raj Gopal Kansal [27]. They show
good reliability and reproducibility [27]. CVMI
methods requires elaborate equipment and the
radiation exposure time and dose are also high.
Digital radiography was used instead of using
conventional film in the present study since
Abdel-Kader 1998 [3] concluded that digitized
radiographic images of the MP3 have five times
less exposure than conventional approach.
These digital images also increase the scope

for cross-sectional and longitudinal studies.

The age of attainment of menarche is
influenced by various factors such as Socio-

economic status, diet, nutrition, genetic factors
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and physical activity [19]. The mean menarche
attaining age for rural girls was 12.60+.84 years
(subgroup D2) and 11.8+.79 years for urban
girls  (subgroup B2) showing statistically

The

menarche attaining age (12.04 + 0.89 years)

significant  difference. mean rural
was in accordance with study done by Banerjee
| et al (2007) [4], Khatoon (2011) [19],
Khadgawat et al (2016) [20] and Pandey M and
Pradhan A (2017) [23] in which the mean age
at menarche was 12.3 years, 12.43 + 1.49
years, 12.4 years and 12.52 years respectively.
Whereas the present results are contrary to the

study of Pathak et al [24].

This reduction of menarche attaining age in our
study was due to improvement in the field of
scientific and technological advancement,
economic growth, agriculture, food supply,
public health systems and hygiene, which
markedly help to improve the general health,
nutritional level and over all standard of living of
the population when compared to past several

decades.

The results show earlier mean menarche
attaining age for urban girls (subgroup B2
11.8+.79 years) than mean menarche attaining
age for rural girls of (12.60+.84 years in
subgroup D2) showing statistically significant
difference. This is in accordance with the study
of Chidiebere et al [9] and Khatoon et al [19].
Since rural girls do more physical activity, have
low socioeconomic status and are less
nourished hence show less fat accumulation.
Thus, there is release of androgen hormones

(aldosterone) which delays menarche.
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When comparison was done for menarche
attaining age at various modified skeletal MP3
maturation stages given by Rajagopal and
Kansal [27] for rural and urban group i.e.
subgroup D2 and B2. It was seen that
menarche was attained in HI MP3 stage for
50%, HMP3 stage for 47.5% and GMP3 stage
for 2.5% in rural girls (subgroup D2) whereas
menarche was attained in HMP3 stage for
41.6%, HIMP3 stage for 50% and GMP3 stage
for 8.33% in urban girls (subgroupB2). The
increased per cent of earlier skeletal MP3 stage
in urban girl (sub group B2) compared to rural
girl (sub group D2) attributed to earlier
menarche attaining age in urban girls compared
to rural girls. According to Rajagopal and
Kansal [27] modified 6 MP3 stage can be
compared to 6 CVMI stages. Therefore, our
results are in accordance to the study of
Moradinejad et al where highest incidence rates
of menarche were noted in the fourth and fifth
cervical

stages of the development of

vertebrae.

The results are in contradictory to the study of
Vichare et in which Menarche occurred during
SMI 7-8 and CVM Stage llI-IV which may be
due to overall poor reproducibility of the CVM
method according to Gabriel et al [14], Baptista
et al [7] and Nestman et al [21]. So there is

variation in staging done from MP3 stage.

CONCLUSION

Several studies [10,12,29] the

hypothesis that the peak height velocity is

support

attained one year before menarche and then it
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Age Group
) Total (n=124) P value
(in years) Rural(n=94) Urban(n=94)
10-11 years 16 (17.0%) 13(13.8%) 29 (15.5%)
11-12 years 16 (17.0%) 24 (25.5%) 40 (21.3%)
12-13 years 38 (40.5%) 31 (32.9%) 69 (36.7%) 0.615
>13 years 24 (25.5%) 26(27.6%) 50 (26.5%)
Total 94 (100.00%) 94(100.00%) 188 (100.00%)
Mean + Stdev | 12.24 + 1.04 12151 12.19+1.01
Median 12.49 12.38 12.43 0.787
(IQR) (11.519-13.014) | (11.253-13.116) (11.352 - 13.036)
Table 1. Comparison of age distribution between rural (Group I) and urban (Group Il) girls
Comparison of age between rural and urban
girls
45% 40.50%
40%
g 35% 2.90%
g 30% 25.50% 25,508 °%%
E 25%
£ 0% 17% 17%
- i{]%
S 10%
-3
5%
0%
10-11 yrs 11-12 yrs 12-13 yrs >13yrs
M Rural(n=94) M Urban(n=94)

Fig. 2. Comparison of age distribution between rural (Group 1) and urban (Group Il) girls
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Menarche attainin

g age in years

Rural (n=40) Urban (n=24) 5
Mean =+ Mean +
_ ) value
Stdev Median (IQR) | Stdev Median (IQR)
12.60 +£]12.50(12.2291 |11.91 +|11.87(11.167-1 0.002
0.85 3.104) 0.79 2.458) '

Table 2. Comparison of menarche attaining age between rural and urban girls (subgroup B2 & subgroup D2)

12.80 -
12.60 -
12.40 -
12.20
12.00 -

mean values

11.80 -
11.60 -

11.40 -

Comparison of menarche attaining age

between rural and urban girls

12.6

Rural(n=40)

11.91

Urban(n=24)

Fig. 3. Comparison of menarche attaining age between rural and urban girls (subgroup B2 & subgroup D2)

Group
MP3 Stages
Rural(n=40) | Urban(n=24) Total P value
G MP3 1 (2.5%) 2 (8.33%) 3 (4.69%)
H MP3 19 (47.5%) 12 (50.00%) | 31 (48.44%) 0.514
HI MP3 20 (50.00%) 10 (41.67%) | 30 (46.87%)
Total 40 (100.00%) | 24 (100.00%) | 64 (100.00%)

Table 3. Comparison of MP3 Stages at onset of menarche between rural and urban girls (subgroup D2 & B2)
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60.00% -
50.00%
40.00%
30.00%
20.00%
10.00% -

% of total no of patioents

0.00%
G MP3

Comparison of MP3Stage at onset of menarche
between rural and urban girls

47.50%

® Rural(n=40)

H MP3

H Urban(n=24)

50.00% 50.00%

HI MP3

Fig. 4. Comparison of MP3 Stages at onset of menarche between rural and urban girls (subgroup D2 &B2)

slows down thereafter and stops within 1 year
after menarche because of the closing of
epiphyses of long bones. In our study the
correlation between MP3 skeletal maturation
and onset of menarche showed onset of
menarche at H and HI stage, So this helps in
timing the functional appliance which are most
effect when given at mandible’s maximum
growth potential and after onset of menarche.
After HI MP3 stage, the treatment planning
moves towards orthognathic surgeries. Hence
correlation of skeletal MP3 stages with onset of
menarche helps in identifying growth status of
a person by diagnosing MP3 radiographs which
further helps in deciding various treatment

modalities.
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ABSTRACT

Introduction: For the assessment of sexual dimorphism of human skeleton, pelvis has been used with
great accuracy by anthropologists and forensic experts. Sacrum, being an integral part of pelvis, has
therefore gained importance. Among the various parameters of sacrum, sacral index is the most reliable
one, calculated by the formula: Sacral index=max breadth x100/max length of sacrum. This study aimed

to determine the significance of sacral index in estimation of sex in north Indian population.

Materials and methods: For the present study, 35 dry human sacrum bones were obtained from the
Department of Anatomy, KGMU, Lucknow, out of which 32, free of deformity, were used in study. The
bones were first separated as male and female on the basis of their gross features. Maximum length
and breadth of sacra were measured using digital sliding Vernier calliper and sacral index was
calculated.

Results: Mean sacral index was significantly higher in females (109.52) as compared to males (92.37).
Sex determination done on the basis of gross features were comparable to that done by calculation of
sacral index, except in sacrum no. 5,13,14,15 &16. Sacrum no. 5,13,14 &15 were more curved forwards
(female feature) while their sacral indices were much lesser (male feature). Sacrum no. 16 had a
uniform curvature (male feature) while its sacral index was>105 (female feature). Sacrum no. 16 also

had only 3 dorsal and ventral foramina, which was a variation.

Conclusions: Sacral index is a reliable criterion for sex determination, useful for anatomical,

medicolegal and anthropological purposes.

Keywords: Dimorphism, Sacral index, Foramina, Variation, Pelvis, Anthropology

Address for Correspondence:
Dr Rakesh K Verma, Additional Professor, Department of Anatomy, King George Medical University, Lucknow, Uttar
Pradesh, Mobile no: 9455252213 Email - rakesh_gsvm@yahoo.co.in

Date of Receiving: 12 July 2020
Date of Acceptance: 06 August 2020
0970-1842/Copyright © JAS 2020

28


mailto:rakesh_gsvm@yahoo.co.in

Significance of Sacral Index in Estimation of Sex

INTRODUCTION

Sacrum is a flattened triangular bone formed by
the fusion of five sacral vertebrae. It forms the
posterosuperior part of bony pelvis [1]. As
stated by Krogman, accuracy of sex
determination can be 95% with pelvis alone.
Sacrum being an integral part of pelvis has thus
gained importance [2]. However it is still
recommended to use multiple bones for sex
determination [3]. Among the various
parameters of sacrum, sacral index method has
always been the most reliable one [4]. Sacral
index is calculated by multiplying the breadth of
sacrum with 100 and then dividing with length

of the sacrum [3].

MATERIALS AND METHODS

For the present study, 35 dry human sacrum
bones were obtained from the Department of
Anatomy, King George’s Medical University,
Lucknow, Uttar Pradesh, out of which 32 were
used which were free of deformity. The bones
were first separated as male or female sacra on
the basis of gross features. Maximum length
and breadth of sacra were measured using
Vernier callipers and sacral index was
calculated using the formula:

maximum breadth x 100/

Sacral index=

maximum length

Maximum length is the distance between
middle points on anterosuperior margins of
promontory to middle of anteroinferior margin of
last sacral vertebrae (Fig. 1). Maximum breadth
is the distance between the most distant points

on sides of ala of sacrum (Fig. 2).
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Fig. 1. Measurement of maximum length of sacrum
using Vernier calliper.

Fig. 2. Measurement of maximum breadth of sacrum
using Vernier calliper.

RESULTS

In this study, mean maximum sacral length of
males (111.53) was found to be greater than
that of females (93.46). Mean maximum sacral
breadth was more or less equal in males and
females (102.54 in males and 102.05 in
females). However, mean sacral index was
observed to be greater in females (109.52) than
that in males (92.37). From our study, we can
say that sex determination done on the basis of
gross features were comparable to that done by

calculation of sacral index, except in five sacra.



J Anat Sci. 2020 Jun;28(1):28-32

Sacra no. 5, 13, 14 & 15 were more curved
forwards (which is a female feature) while their
sacral indices were much lesser (which
suggests male feature). Sacrum no. 16 had a
uniform curvature (male feature) while its sacral
index was >105 (female feature). This sacrum
had only 3 dorsal and ventral sacral foramina,

which was a unique variation.
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DISCUSSION

Although various parameters of sacrum can be
used for sex estimation, sacral index has
always been the most reliable one. In our study,
we observed the mean sacral length of males
to be greater than that of females, which is in

accordance with various studies done in many

Fig. 3. Bones no. 33, 34 & 35 fragmented and deformed

Fig. 4. Sacra with sacral indices not comparable to their gross features
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also not very much different (105.21 in males
and 102.66 in females)[6]. Two different studies
were conducted in Madhya Pradesh in the
same year 2016 in which one conducted by
Dubey et al. on 60 sacra found almost similar
mean sacral breadth in males and females [2].
In the second one, conducted by Punase et al.

on 77 sacra, mean sacral breadth of females

was found to be significantly higher than that of

Fig. 5. Sacrum with abnormal sacral foramina

males (113.27 in females and 105.05 in males)

different populations. Increased incidence of [71-

six-piece sacrum in males has been proposed

. Findings of Masih et al. and Parashuram et al.

to be one of the causes behind the same [3]. inding I .
in different studies performed in Rajasthan and

Maddikunta et al. recorded the mean sacral Karnataka, also agree with that of our present

breadth in males to be 104.2 and 103.4 in

females in his study on the population of

study, showing almost similar mean sacral
breadth in both the sexes [4,8]. However,
Andhra Pradesh [5]. Ravichandran et al. carried Sachdeva et al. in 2011, found a significantly
out a study in Tamil Nadu and found this value higher mean breadth of sacra in males than that
to be 93.7 in males and 92.91 in females [3]. A

study done by Yadav et al. in

in females, which is in contrast to our present

similar study [9].

Maharashtrian  population also observed

. All the above-mentioned studies, however, are
comparable values of mean sacral breadth in

males (102.93) and females (104.7) [1]. Values

obtained by Somesh et al. in Mangalore were

in accordance with our study if we compare the

sacral index of both the sexes, implying that

Study Place Total Males Males | Females | Females Slin Slin
bones L (B) L (B) males | females
Sachdeva et al. | Amritsar 50 104.1 111.8 91.8 104.4 100.24 | 111.74
Maddikunta et | Andhra 60 113.9 104.2 90 103.4 91.8 116.3
Ravichandran et | Tamil Nadu 123 97.8 93.7 90.96 92.91 96.32 102.29
Yadav et al. Maharashtra | 140 104.7 102.93 92.6 104.7 98.44 113.23
Somesh et al. | Mangalore 87 113.88 105.21 91.29 102.66 92.71 113.06
Dubey et al. | Madhya 60 1135 105.85 94.6 104.33 93.8 110.63
Punase et al. | Madhya 77 111.86 105.05 99.10 113.27 95.66 115.10
Masih et al. | Rajasthan 75 107.44 104.63 97.88 102.77 97.88 112.69
Parashuram et | Karnataka 100 120.13 124.61 103.78 118.45 101.26 | 116.18
Present study Lucknow 32 111.53 102.54 93.46 102.05 92.37 109.52
Table 1. Comparative analysis of sacral measurements
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sacral index of females is almost always higher
than that of males [10,11].

CONCLUSION

It is evident from the present study that sacral
index is a reliable and significant criterion for
estimation of sex in a given population.
However, it is still recommended to use multiple
bones and parameters for this purpose. Thus,
regional and racial differences in sacrum along
with the sacral index can be useful for
anatomical, medico-legal and anthropological

purposes.
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ABSTRACT

Introduction: The development of limb musculature takes place between the fifth and seventh weeks
of intrauterine life. The genes MYO-D and MYF5 regulate the limb musculature development and any
defect in these may lead to either a partial or complete loss or an addition to the normal muscle
morphology. This case report presents the observation of an accessory tendon of the Peroneus brevis
muscle in the left lower limb of a 70 year old male cadaver during the routine dissection for
undergraduate students at Government Medical College, Miraj. The variant insertion of the Peroneus
brevis tendon on the calcaneal tubercle is clinically important to note in cases of lateral ankle pain and
instability. The presence of an accessory tendon of the peroneus brevis muscle may also be a cause
of the longitudinal splitting of the muscle which should be taken into consideration while making a
diagnosis and planning surgeries around the lateral aspect of the ankle.

Keywords: Peroneus brevis, Accessory tendon, Ankle pain

INTRODUCTION tendon and lies in front of the peroneus
The peroneus brevis muscle is a small and longus tendons. Peroneus brevis tendon runs
short muscle which lies under cover of downward, forward and on lateral side of the

peroneus longus muscle. It takes origin from calcaneus bone, in close relation to the

the lateral surface of the body of the fibula in the calcaneal tubercle and terminates by inserting

lower two-thirds and the peroneus longus on the lateral side of the base of the fifth

muscle lies medial to it in the peroneal metatarsal tuberosity. The peroneus brevis

compartment of the leg. The tendon of muscle is a weak plantar flexor and also helps

peroneus brevis runs behind the lateral in eversion of the foot and is supplied by the

malleolus along with the peroneus longus superficial peroneal nerve [1].
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Embryology: Limb development begins
between the 5th and 7th weeks of intrauterine
life where in most of the limb muscles develop
the

influence of specific genes MYO-D and MYFb5.

from the paraxial mesoderm under
Any factors affecting them may lead to various
anomalies. For example, the partial or complete

absence of muscles [2].

OBSERVATIONS

the routine academic cadaveric

dissection for

During
undergraduate students at
Government Medical College, Miraj, we found
an accessory tendon of Peroneus Brevis
muscle in the left lower limb of a 70 years old
male cadaver (Fig. 1). This accessory tendon
originated 2cm proximal to the tip of the lateral
malleolus. It was lying between the main tendon
of peroneus brevis anteriorly and peroneus
longus tendon posteriorly. It descended on the
lateral surface of calcaneal bone and inserted
on the peroneal tubercle measuring 3.5cm in
length and 0.4cm in thickness. There was no
additional slip to any other tendons or bone.

Peroneus brevis in the right leg was normal.

Dissected

left ankle showing accessory
Peronius brevis muscle coloured green

Fig. 1.
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DISCUSSION

The variations in insertion and multiple split
tendons are due to a developmental anomaly.
Many authors have reported their finding based
on how many tendons does the peroneus
brevis muscle has. It may be a single tendon
with abnormal insertion or may have multiple
tendons, inserting at different aspects of the

foot bones.

Similar to our case report many authors
reported the accessory and other variants of
peroneus brevis muscle. Cecava et al, reported
a congenital variant insertion of the peroneus
brevis tendon on the calcaneal peroneal
tubercle with the absence of the tendon distal to
the calcaneus. It was observed incidentally in a
24-year old male in magnetic resonance
imaging for the evaluation of pain for a

suspected ligament injury [3].

Clarkson et al, reported two variants of the
peroneus muscle in a 70-year-old white male
cadaver and termed them peroneocuboideus
muscle and peroneocalcaneocuboideus
muscle which were found in the right and left

leg respectively and both muscles inserted

ACCESSORY
PERONEUS BREVIS
TENDON

PERONEUS BREVIS TENDON (MAIN)

Fig. 2.

Peroneus brevis Tendon Inserting on peroneal tubercle

Schematic representation of Accessory
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onto the distal lip of the peroneal sulcus of the
cuboid bone [4].

Taser et al observed a longitudinal tear in the
peroneus brevis tendon and commented that
one of the possible causes of the longitudinal
tear in the peroneus brevis tendon can be due
to an anomalous peroneus tertius muscle with
its different origin and insertion points, causing
a change in the ankle motion mechanism [5]. It
is important to recognise the normal variants of
the peroneal tendons, peroneus brevis tendon
pseudosubluxation, a bifurcated peroneus
brevis tendon, the presence of os perineum and
insertion of other accessory muscle-tendon into

the peroneus brevis tendon [6].

Prevalence of an accessory muscle (peroneus
guartus) was studied by Cheung et al using 136
consecutive ankle magnetic resonance images.
They found 14 cases (10%) having an
accessory muscle and the tendon was lying
medial and posterior to the other peroneal
tendons. The muscle had the variable site of
insertion on the peroneus longus tendon,
peroneus brevis tendon, calcaneus, and cuboid
bone [7].

Accessory tendon inserted on the peroneal
tubercle can be used for reconstructive
procedures about the lateral aspect of the
ankle, especially in anterior dislocation of the
peroneal tendons and reconstruction of lateral

ligaments [8].

Saupe et al, studied the prevalence of
accessory peroneus quartus muscles in 65
volunteers consisting 30 males and 35 females
whose age range was between 23-70 years

using MR images. 11 (17%) cases had the
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peroneus quartus muscle, 19% of the cases
had the musculotendinous junctions of the
peroneus brevis muscle. They concluded that
anatomic variants may predispose for the

peroneal tendon disorders [9].
CONCLUSION

the

peroneus brevis tendon on the calcaneal

The Variant congenital insertion of
tubercle should be acknowledged. The lateral
ankle pain, stenosis, ankle instability, fibular
tenosynovitis, subluxation of the peroneal

tendons, and longitudinal splitting of the
fibularis brevis tendon in radiologic and case
studies may be due to presence of a variant
Therefore,

peroneus muscles. radiologists,

clinicians, and surgeons should take into
consideration these variations of peroneus
brevis muscle while interpreting radiographs,
considering various diagnoses, and planning a
surgical intervention in and around the lateral

ankle.
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ABSTRACT

Liver is the largest organ in the human body occupying right hypochondrium, epigastrium and left
hypochondrium. The organ develops in the ventral mesogastrium dividing the latter into a cranial part
which forms the falciform ligament and lesser omentum and the caudal part which normally degenerates
but may persist occasionally in the form of accessory fissures, ligaments and folds. The present case
report describes the occurrence of exceptional and multiple abnormal peritoneal ligaments extending
between the liver, diaphragm and abdominal wall. In concurrence, an incomplete fissure for ligamentum
teres hepatis is reported which resulted in a communication between the left lobe and quadrate lobe of
liver. The knowledge of the normal and the variant anatomy of such peritoneal reflections of liver is of
colossal significance for surgeons performing the segmental resection of the liver and radiologists
interpreting radiological findings related to liver.

Keywords: Hepatophrenic ligament, Hepatocolic ligament, Peritoneal folds, Ligamentum teres hepatis,
Quadrate lobe, Left lobe

INTRODUCTION

The peritoneum is the most extensive and an structures to the viscera and give some

intricately arranged serous membrane of the mechanical support to them. These folds and

abdomen. It invests the viscera partially or
completely resulting in the formation of various
peritoneal folds and spaces which include
ligaments, omenta  and mesenteries.
Functionally these modifications allow mobility

and serve as a channel to carry neurovascular

ligaments determine the route of spread of
intaperitoneal fluid and serve as conduit for
various disease processes [1]. Persistence of
remnants of embryonic mesenteries which
usually disappear may result in the formation of

the abnormal peritoneal folds.
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Liver is the largest gland of abdominal cavity
which develops in the ventral mesogastrium. It
occupies right hypochondrium, epigastrium and
a part of left hypochondrium. The organ is
divided into anatomical right and left lobes by
the attachment of falciform ligament anteriorly,
fissure for ligamentum venosum posteriorly and
fissure for ligamentum teres inferiorly [2,3]. The
anatomical right lobe includes caudate lobe
superiorly, quadrate lobe inferiorly along with
porta hepatis lying transversely between the
two lobes transmitting portal triad which
includes bile duct, hepatic artery and hepatic
portal vein. Each segment drains independently
by either secondary or tertiary branch of portal
triad respectively [4]. This classification is also
accepted by the federative committee on
anatomical terminology [5,6]. Segmentation of
right and left lobes of liver pave way for the
surgeons to resect the diseased segments
without other

independently damaging

segments [4].

Anomalies of liver may present as agenesis of
lobes, absence of segments, decrease in the
size of lobes, lobar atrophy, hypoplastic lobes,
transposition of gall bladder, Riedels lobe,
deformed lobes and abnormal peritoneal folds.
The presence of accessory lobes and fissures
might result in clinical misdiagnosis and give a
picture of internal trauma during post mortem
study [7].

CASE REPORT

During a routine cadaveric dissection hall
teaching of medical students at the Department
of Anatomy, Vardhman Mahavir Medical
College, New Delhi, the authors came across

multiple anomalous peritoneal folds, incomplete
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fissure for ligamentum teres and an unusual
communication between the quadrate and the
left lobe of liver. One of the peritoneal folds was
inverted ‘Y’ shaped having a stem, medial limb
and a lateral limb [Fig. 1]. The stem, 1.8 cm in
length was superior and attached to the visceral
surface of right lobe of liver at the junction of
right and inferior borders. The lateral limb of the
fold measured 2.1 cm and formed the lateral
hepatophrenic ligament which was attached to
the lateral abdominal wall and the diaphragm.
The medial limb measured 3.3 cm, enveloped
the hepatic flexure of colon and was named as
hepatocolic ligament. Another interesting,
slender, cylindrical peritoneal fold measuring
1.9 cm in length and 1.6 cm in diameter was
observed on the right side of the falciform
ligament [Fig. 2]. This fold was 3.5 cm from the
inferior border of the liver/cystic notch in the
midclavicular line. It connected the anterior
surface of right lobe of liver to the undersurface
of diaphragm and was named as anterior
hepatophrenic ligament. The position and size
of gall bladder were customary. The course and
relations of common bile duct were configured
normally. The other peritoneal reflections of the

liver were not significant.

Another striking finding in this cadaver was that
the ligamentum teres was partially embedded in
the liver parenchyma making the fissure for
ligamentum teres incomplete [Fig. 3]. The
distance travelled by the ligamentum teres from
the inferior border of liver to the porta hepatis
was 5.6 cm. However, the fissure for
ligamentum teres measuring 2.8 cm was seen
only in the inferior part of visceral surface, rest
of the ligament was embedded and sunk into

the hepatic parenchyma up to the porta hepatis
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for a distance of 2.8 cm. By virtue of the above

presentation of incomplete fissure for
ligamentum teres, the parenchyma of quadrate
lobe was directly in continuation with the

parenchyma of left lobe [Fig.3].

DISCUSSION

The liver develops in the ventral mesogastrium
during third week of intrauterine life dividing it
into a cranial part which forms the falciform
ligament (extending from the liver to the ventral
body wall) and the lesser omentum (extending
from oesophagus, stomach and upper portion
of duodenum to the liver). The caudal part
usually gets degenerated [8, 9] but rarely it may
fail to degenerate and persists as accessory

fissures, ligaments and folds [1].

the

presence of such accessory folds including

The present case report describes
hepatocolic, lateral and anterior hepatophrenic

ligaments along with the presence of

incomplete fissure for ligamentum teres.
Hepatocolic ligament extended between the
visceral surface of right lobe of liver to the
hepatic flexure of colon. The authors also
observed lateral and anterior hepatophrenic
ligaments. The former extended between the
visceral surface of right lobe of liver near the
junction of right and inferior borders to the
lateral abdominal wall and merged with the
diaphragm. The latter was observed to stretch
between the anterior surface of right lobe of
liver to the undersurface of diaphragm. In the
previous studies, peritoneal folds have been
reported extending between greater omentum
and falciform ligament [10], jejunum to the root
of mesentery [11], inferior surface of liver to the

gastropylorus junction [12]. Though such folds
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Fig. 1. Liver showing LHPL- Lateral Hepatophrenic

Ligament. HCL- Hepatocolic Ligament.

Left Lateral %
Superior Inferior

Right Lateral

Colon =

\HCL

Fig. 2. Right sided abdominal cavity showing liver

along with various ligaments. AHPL-Anterior

Hepatophrenic Ligament. HCL- Hepatocolic Ligament.

FL- Falciform Ligament.

Fig. 3. Inferior view of liver showing direct continuity (*)

of liver parenchyma between quadrate lobe and left
lobe. LL- Left Lobe. *- Pons Hepatis. QL- Quadrate
Lobe. LT- Ligamentum Teres Hepatis.
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have been reported in previous studies, but the
presence of multiple peritoneal folds in the
same subject has not been reported thus far to
the best of the knowledge of authors making the
present case report unique. The presence of
accessory lobes and fissures is common in the
perinatal age group, thereafter the organ
undergoes postnatal reformation with the
increasing age, so the occurrence of such lobes

and fissures in the elderly is very rare [13].

The major folds and fissures related to liver are
in use as important landmarks during hepatic
imaging techniques for interpretation of
anatomy of lobes and pathologies related to
them. When occurring anomalously, these may
act as source of errors in understanding
radiologic images [14]. Hepatic imaging helps
us to locate primary or metastatic liver diseases
[15]. As the procedures like laparoscopic
thermal ablation and hepatic resection for
hepatic tumors has been increasing recently,
sound knowledge of normal and variant
anatomy of the folds of liver is of immense

importance for the surgeons [16].

Occasionally these folds might carry blood
vessels and may encircle the intestine causing
obstruction as reported in a case of duodenal
constriction by Low [17]. Further, collection of
fluid

misdiagnosed for a cyst, liver abscess or

in such fissures and folds may be

intrahepatic hematoma. Abnormal fissures may
be misdiagnosed as pathologic liver nodules on
computerized tomography [14]. These folds
help us to differentiate  pathological
constrictions due to ulcerations from anatomical

constrictions caused by such folds [1].
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The current case also reported the occurrence
of an incomplete fissure for ligamentum teres
that never reached uphill the porta hepatis, this
fact resulted in a communication between the
guadrate and the left lobe of liver by a
transversely placed tissue of liver parenchyma

termed as pons hepatis [18].

The ligamentum teres contained in the free
margin of falciform
left

oxygenated blood from the placenta to the

ligament is a fibrous
remnant of umbilical vein carrying
fetus. The fissure for ligamentum teres ascends
backwards and upwards from inferior border to
the left end of fissure for ligamentum venosum
separating the quadrate lobe from the left lobe.
Incomplete fissure leads to a communication
between quadrate and the left lobe as observed
in the present study. The authors correlated this
communication with segmental anatomy of the
organ. There was noted a direct communication
between the segments Il (left lateral superior),
Il (left medial inferior) and IV (left medial
superior) as classified by Couinaud in the year
1957 [4, 19].

variations of liver is important for surgeons in

Knowledge of segmental

planning liver transplant surgeries,

Laparoscopic  hepatectomy and thermal
ablation. To improve the postsurgical outcome
in patients with hepatocellular carcinoma, the
segmental resection of liver is indicated. The
latter involves the removal of the whole
segment containing the tumor along with the
vasculature invaded by the tumor [20, 21, 22,
23].

communication between Ill and IV segments it

As in the present case report, there is a

will pose a threat to the surgeon for removing

the segments in isolation.



Anomalous Peritoneal Folds of Liver

CONCLUSION

The present case report emphasizes on the
presence and clinical aspect of anomalous
peritoneal folds of liver with incomplete fissure
for ligamentum teres. This knowledge may be
utilized by anatomists and morphologists for
reporting new anomalies, embryologists for
developmental variations, surgeons for
scheduling of hepatic surgeries and radiologists
for preventing misdiagnosis of CT and MRI.
Further such information is a prerequisite for

safe surgical approaches and diagnostic

imaging.
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ABSTRACT

Visceral organs are asymmetrically distributed in thoracic and abdominal cavities but there is definite
left right orientation along the midline. At times there may be disturbance of the same resulting from
malrotation and/or movement during embryological development. We are presenting autopsy findings
of a 20 weeks old male fetus wherein the stomach along with spleen and pancreas are on the right side.
Rest of the thoracoabdominal viscera are in the anatomically correct locations. Such cases qualify for
heterotaxia, denoting status somewhere between situs solitus which is the normal placement of organs
and situs inversus which denotes mirror image of solitus. Heterotaxia can have a range of features.
Such cases usually come to light within first year of birth but some cases remain asymptomatic till
adulthood and are diagnosed incidentally. This article discusses the nomenclature with diagnostic
criteria and points out the lacunae which make the present case difficult to classify.

Keywords: Heterotaxia, Fetal autopsy, Situs solitus

INTRODUCTION opposite side and the others are on the normal

Malrotation of intestinal loops with or without side (situs ambiguous). [3] We are presenting a

cardiac apex is referred to as situs inversus or case that does not appear to fall under either of

situs ambiguous. Malrotation is a challenge for these two.

surgeons both diagnostically and

. CASE REPORT
therapeutically. Most of the cases come to

clinical attention within first year of life. [1] A 26 years old primigravida had presented for

However there are reports of such cases normal follow up. The mother had no adverse

diagnosed in adult life. [2] The spectrum of history and all routine investigations were

features can range from complete mirror image normal. Ultrasound of the fetus did not reveal

of normal placement of viscera (situs inversus) any abnormality. Following abdominal pains,

to incomplete wherein a few organs are on the the mother was brought to hospital where on
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ultrasound, a diagnosis of intrauterine death
was made. The fetus was sent for autopsy after

informed consent of the parents.

RESULTS
A 20 weeks old male fetus weighing 390 grams
and crown rump length of 17 cm was received
There

malformations. A midline incision from neck to

for autopsy. were no external
pubic region showed normal thoracic contents
with no discernible gross abnormalities of the

heart or lungs.

On autopsy, the stomach was seen to be lying
opposite to its normal position, in the right
hypogastrium and epigastric region. The head
of pancreas was on the left side with its tail
directed upwards towards right hypochondrium
where spleen was also located. There were no
signs of duodenal obstruction. Appendix,
caecum and colon were in their normal position
ruling out malrotation of midgut. There was no
dextrocardia. (Fig. 1) All the organ weights were
within normal range and were grossly normal.
Umbilical cord stump showed three vessels. A
diagnosis of situs ambiguous or heterotaxia

was considered.

DISCUSSION

Situs solitus refers to the normal positions of
cardiac apex, stomach, spleen, pancreas and
intestinal loops and aorta on the left whereas
liver and inferior vena cava is situated on the
right of the midline. Situs inversus is the mirror
opposite of solitus. It is of two types. Situs
inversus with dextrocardia is more common and
congenital heart disease occurs in 3 to 5% of
the cases. Situs inversus with levocardia is
extremely and cardiac

rare congenital

anomalies are seen in almost all the cases.
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Situs ambiguous or heterotaxia is the third
category which falls somewhere between
solitus and inversus with congenital heart
disease between 50 to 100% of the cases. [3,
4]. Heterotaxia is further classified as SA with
polysplenia or with asplenia [5]. Incidence of
heterotaxia is estimated to be between 1 in
10,000 to 40,000 live births [6]. In our centre this
is the first case 1 in 10,000 pregnancies
including abortions. The present case qualifies
for heterotaxia since with the exception of
stomach, spleen and pancreas all other
thoracic and abdominal viscera are on the
correct sides as in solitus. However, it fails to fit
either in heterotaxia with polysplenia or
asplenia since there is a right sided single

spleen.

There are cases in literature similar to our case
that do not fit into sub classification of

hetertaxia. Isolated intestinal malrotation
without other complications has been reported
albeit without the benefit of complete autopsy
and the authors have not commented on spleen
or pancreas [7, 8]. Another case pertains to
levocardia without defects with right sided
stomach, spleen and colon and left liver.

Information regarding pancreas is missing. [9]

Present case might come across as a first of its
kind but from putative prognostic perspective it
appears to be similar to other cases of
heterotaxia. Vast majority of cases of
malrotations come to clinical attention post birth
within one year owing to pain abdomen and
bilious vomiting. Management almost invariably
involves major sugery. [7, 8, 9] But it should be
noted that similar cases can also come to
clinical attention during adult life, mostly as

incidental findings [10].



A Rare Case of Heterotaxia

Fig. 1. A: Right lobe, liver (right arrow); B: Heart (down arrow), Stomach (right arrow); C: Spleen (right arrow)

and Pancreas (arrowhead)

CONCLUSION
The purpose of this case with extremely rare
features is to highlight the importance of fetal
that

intrauterine death be investigated and an

autopsies. It is imperative every
attempt made to establish a diagnosis as per
the established criteria or highlight the cases

that do not conform to the same.
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ABSTRACT

Quite frequently students are asked to explain tapetum. We found that various books of anatomy have

different explanations. Students are confused as to which book must be followed for its explanation. We

are therefore writing an inference drawn by consulting books and also by observing the human brain in

cadavers.

Keywords: Tapetum, Corpus Callosum, Lateral Ventricle, Posterior Horn, Inferior Horn

DEFINITION

The tapetum was described by Johann
Christian Rell (1759-1813). It

primarily by decussating fibers in the splenium

is formed

of the corpus callosum that arch over the atrium
of the lateral ventricle and course inferiorly in
the lateral wall of the posterior, and somewhat
horns of the lateral

into the temporal

ventricle.[1]

WHAT DO THE BOOKS SAY ABOUT
TAPETUM

1. “Those fibres of the trunk and splenium of
corpus callosum which together form the
roof and lateral of the posterior horn and
lateral wall of the inferior horn of the lateral

ventricle constitute the tapetum.” [2]

2. “A large number of fibres from the trunk of

corpus callosumrun transversely to intersect

with the fibres of the corona radiata. Some
fibres of the trunk and adjacent splenium
which do not intersect with corona radiate
are known as tapetum. The tapetum is
closely related to the inferior horn and

posterior horn of the lateral ventricle.” [3]

. “The tapetum is athin lamina of white fibres

(2cm thick) which forms the roof and lateral
wall of the posterior horn and lateral wall of
the inferior horn of the lateral ventricle. The
tapetum is formed by those fibres of the
trunk and splenium of corpus callosum
which are not intersected by the fibres of
corona radiata. In the coronal section, the
tapetum looks whiter than the surrounding
white matter because section passes

parallel to the fibres of the tapetum.” [4]

. “Some of the fibres of the corpus callosum

form the roof and lateral wall of the posterior
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horn of the lateral ventricle and the lateral
wall of the inferior horn of the lateral
ventricle; these fibresare referred to as

tapetum.” [5]

5. “The roof and lateral wall is formed by the
tapetum of the corpus callosum, with the
optic radiation lying against the tapetum in

the lateral wall.” [6]

CONCLUSION

Tapetum literally means a reflective layer. In the
human brain tapetum consists of those fibres of
splenium of corpus callosum which form the
roof, lateral and inferior wall of the posterior
horn and lateral wall of the inferior horn of the
lateral ventricle. They look whiter than the white
matter because they are cut parallel to the

fibres it contains [7].

In many animals, it is a reflective layer of the
choroid of the eye causing them to shine in the
dark.
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ABSTRACT

Since the beginning of human civilization, hygiene, health, medicine religious practices and law, are
found to be interwoven around each other. On one hand, ancient legal system or religion preaches us
about an ideal way of living life, on the other hand, the health care providers, try to identify and observe
the religious practices and faith of the patient for providing better treatment. These practices may
include prayer, meditation, bathing and cleanliness, dietary needs and astrological beliefs of patient.
The history of alliance of law in the religious preaching and religious practices, medicine, and healthcare
is very interesting to look at. Since ages, to make people take up cleanliness as a habit, it has been

linked to Godliness, for example in Hinduism it is often said that “Swachchta hi Prabhuta hai”. Also, for

hundreds of years, religious institutions were responsible for licensing physicians to practice medicine.
Thus, religious practices are external activities or functions of human civilizations which works as code
of conduct for them. The present piece of work is an attempt to identify the relevance of Article 25 of
Indian Constitution for the medical practitioners while treating patients with orthodox patients with deep

rooted religious practices which may create hindrances in the treatment too.

Keywords: Hygiene, Medical Practitioners, Article 25, Religion, Taboo

INTRODUCTION

India is a home for 1.4 billion people which are
about one-sixth of the total world’s population
[1]. The population of India belongs to diverse
ethnic and religious groups.[2] There is
substantial size of the population of Hindus
(79.8%), Muslims (14.2%), Christians (2.3%),
Sikhs (1.7%), Buddhists (0.7%), Jains (0.4%)

and adherents to folk culture in India[3,4].
According Art 25 of the Constitution of India, all
the people belonging to different religion have
liberty and full freedom to follow their religious
practices which should not be contrary to the

public health and policy.

Life beliefs and well-being of an individual in a
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society are indivisible and interdependent. As
the life without belief and faith can never be
visualized, similarly well-being is also one of the
pre-conditions of life as per the essence of Art
21 of the Constitution of India. The concept of
belief is the central part of human life and it
determines one’s life style. It is a proper
combination of religious practices and routine

hygiene practiced by an individual.

However, taking care of the body and soul
always remains an integrated aspect of well-
being of an individual in all religions across the
world. For example, taking Hinduism/ ‘Sanatan
Dharm’ into consideration, one may agree to
the fact that, it is very liberal in its core and it
provides liberty to an individual to practice and
follow any lifestyle according to one’s own
belief, faith and choice. Even in the judicial
pronouncement apex court affirmed Hindutva
as way of life. However, the concept of purity is
deeply rooted

among Hindu ideologies

according to ‘Srimad Bhagwat Geeta’
“swacham” is one of the divine qualities which
one must practice for the purpose of overall
cleanliness of both body and soul. Moreover,
‘Dharmshastras’ suggests an ideal routine in
which, after waking up early in the morning, the
ritual of cleanliness and prayers which includes
cleaning the teeth immediately followed by
bathing, prayer and then taking meals should
be done. For mental and emotional cleaning,
early morning meditation/Yoga sessions are
Other like,

washing hands with clean water, taking off

also stressed upon. practices

shoes outside homes before entering,

constructing toilets outside the dwelling houses,
the

performing ‘Janeyusanskar’ to make

Janeyu bearer follow every ritual of
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cleanliness, etc. is habitually followed among
Hindus since ages. This works as a running
system of hygiene. Therefore, it can be said
that, religious practices also acts as a measure
for observance of the health measures for a
healthy mind and body. Here it can be
considered the reasons that are why the
freedom of belief is subject to health and

morality.

To follow and propagate religious belief and
faith, Article 25 of the Constitution provides
constitutional protection to the individuals
belonging to any of the ethnic groups. However,
in recent times, this system of cleanliness has
been relatively compromised by many corrupt
practices which are often associated with
religion. For the purpose of present article, the
few practices among Hindus and Muslims have
been discussed. The rationale behind the
selection of only these religions as above is the
size of the followers is higher in comparison of
other. Thus, this study aims to identify such
unhygienic religious practices which may create
problem for the medical practitioners and
compromises the treatment. This study also
discusses about the general awareness about
Article 25 among medical practitioners and

general population.

METHODOLOGY

The present article attempts to explore the
complexities of religious practices; the reason
behind it and its impact on health and hygiene
of an individual. The present observational
study was conducted in the hospitals in Delhi-
NCR with subjects of Hindu and Muslim

religion. The study has a quasi-disciplinary
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approach with a socio-legal view point and here
it has been tried to check the impact of various
religious practices on the patients while
treatment. The data was collected and
compiled by the authors and various religious
practices compromising the treatment of the

subjects were listed.

Health & religious practices among Hindus

Hinduism, (synonymous to Hindutva) is not a
religion, but a way of life and a state of mind.8It
gives complete liberty to the individuals to
follow and practice his own belief and faith, may
be termed as religion, according to his choice.
This way of life holds so many religious
practices such as prayer, meditation, bathing,
cleanliness, dietary needs & habits. These
religious practices are directly related to the
health and hygienic system that might have
compelled the judges of the apex court to re-
establish Hinduism as a way of life before this
modern global society.

However, globalization and rapid
transformation of the society has raised various
issues which has created a clash in between
health care and religion. For the purpose of
cleanliness, Hindus prefer to skirmish their
teeth daily in the morning using Neem Datun
(twigs). It has been concluded in various
researches that using twigs can have similar
cleaning effects as a conventional toothbrush.
But the sticks can't reach areas between the
teeth, and if they aren't used properly, they can
damage the gums and abrade the teeth.[5]
Hindus have a tradition to eat with hands and
not with spoon and washing hands prior to

eating, is very important for Hindus because of
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Purity is a core element of Hindu religion and
philosophy. This very fact of old Hindu
philosophy was much appreciated by WHO
during Covid19, when advisories on hand wash
were issued to prevent and stop pandemic.
However, avoidance of the same results in
various gastric diseases associated with the
microorganisms present in the dirty hands.[6] In
ancient time, Hindus necessarily followed the
practice of showering or bathing after
defecation, the purpose is to minimize the
chance of any infection due to ancient open

defecation practices.[7]

This is also considered helpful to prevent
COVID-19. However, with the continuation of
this open defecation practice, which is still
prevalent, though law exists on the prohibition
of the same, in some rural areas, various
human excrement linked infectious diseases
have been found associated with it.[8] Most of
the Hindus prefer to bath and pray in the
morning but view of the orthodox society is
different for a menstruating women who is
considered impure and unclean and is not
allowed to take bath and is often forced to opt
for methods of management which can be
unhygienic and inconvenient, particularly in
poorer settings as even talking about this issue
is considered as taboo in some areas[9]. This
very religious practice is not seen in any of the
religious scripture and has been developed as
a corrupt practice by our society which makes
menstruating women prone to fatal urogenital
infectious diseases[10]. Religiously, Hindus are
vegetarians and they do not take meat, fish and
eggs. Most of the Hindus follow a vegetarian
diet because they have a strong faith and belief

in the concept of non-violence and they strictly
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follow pure vegetarian life style throughout their
life [11]. However, as vegetarian diet is more
restrictive, intake of adequate daily energy and
of n-3 fatty acids, essential amino acids, vitamin
B12, zinc, calcium and iron becomes more
difficult

challenging in children who have higher nutrient

to achieve, which is particularly
requirements relative to body weight than
adults [12]. Here it is essential to mention that
no religion restricts human being to have non

vegetarian diet.

Therefore, when ethnicity comes, it creates
problem to treat such patient. Fasting may be
considered good for a healthy one and fatal for
some humans with specific health issues.
Among Hindus fasting on a particular day of the
week or occasion is very common practice for
Hindus. Scientifically, fasting is important for
avoiding food poising. Basically, the scientific
object of the fasting is to purify the body and
soul as well to promote the concept of self-
discipline too. One study in 11 healthy adults
showed that fasting for 24 hours significantly
increased levels of Human  Growth
Hormones.[13] However, the denial of having
necessary medication during fasting is wrong
and is not acceptable. Some Hindus do not
prefer to take garlic or onion in their food
because they believe that these foods upset
spiritual practices but both the substance has
their high medicinal values. Most of the Hindus
believe that all types of ilinesses, whether it may
be physical or mental iliness, have a biological,
psychological and spiritual element and
therefore it must be treated accordingly keeping
all elements in mind [14]. As a part of Karma,
pain and suffering is accepted and encouraged

among Hindus. Pain and suffering in lifeis a
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natural consequence of negative behavior and
Karma. Thus, defer to seek any medical help for
the same.[15]. Hinduism places great emphasis
on purity, in both physical and spiritual terms
[16]. In fact, the religious practices among
Hindus are almost in consonance with the
medical science still it is required to isolate
accurate and erroneous practices in the name
of the religion for the batter execution of
medical advices.

ISLAMIC PRACTICES

Islam is considered as one of the most scientific
religion on the earth since its inception is latest
in calendar. But in practice, illness in Islamic
followers is considered as a test from God.
They respond to illness, patiently and with
prayer. Death is ultimate journey of human life.
It is the duty of individual to maintain his health
properly. lliness is the part of human life but the
preservation of life is main objectives of Islamic
law. Caring of sick people is a collective social
responsibility. Health services providers are

honored in Islamic law.

They observed the fasting in holy month of
Ramzan for whole month, but exceptions are
there on the basis of health condition, age,
pregnant ladies, children etc. This is again in
consonance to the medical science. Muslims
rinse their mouth and nose early in the morning.
They wash their hands, face, arms and feet with
the water properly. The object is to remain
physically clean and healthy [17]. Smoking and
drinking is not allowed and it is strictly prohibited
among Hindus and Muslims both. It is found
that restriction on drinking and smoking are

very helpful for reducing most of the dangerous
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’

diseases. Still the practice of ‘Haki’ and ‘Zarra
the quacks in Muslims are observed quite
common. They used to visit the doctor after
deterioration the health after illness being
relying upon unprofessional advices. They
usually consult with religious leaders or Imams
for their health issues. Imams are morally duty
bound to provide moral and spiritual support.
This is invaluable to Muslim patients and
families. Macro display of few of the Islamic
practices is getting change with educational
advancement among these families which
resulted drop off the patient rate among
Muslims. The opinion of the health care
professional is that education and recovery rate
from illness is directly propionate. The families
where belief is deeply roots in orthodox
religious practices, it is difficult to treat the
ailment.[18]

LAW, RELIGION AND HUMAN WELL BEING

In a lawyer’s view point Article 21 of the Indian
Constitution which states about the freedom of
life and personal Liberty with due process of
law; it establishes the cardinal principals of
human dignity along with Article 25 and both
contain no value for a lunatic, unhealthy one.
The person who was assigned the task to take
care of an individuals’ physical well-being, was
also expected to attend the spiritual needs of
the subject. This becomes the obligation of law
makers in general and the responsibility of
medical

Covid-19,

practitioners in particular. During

this vary preposition is being
witnessed by all the stake holders including

medical practitioners.

In the ancient time religious leaders were

regarded as not only as healer of the body but
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mind and spirituality too. For example, in
Christianity, Jesus, the savior of human race
and spiritual leader, was also considered curer
of overall well-being of all. Unfortunately, in
course of time the requirement of body & mind
along with the meaning of spirituality
This

transformation developed a line of separation

transformed in a wholesome manner.

among religious practices and health measures
resulting two separate needs of the people. At
one side religiosity is solely dedicated for
spirituality whereas on the other side
physicians, scientists or experts of medicinal
science are dedicated to the physical needs or

well beings of individuals [19].

However, the fact that religion as well as
religious practices, connected to a particular
religion, influences public health cannot be
denied. Many a times, patient delays in
obtaining medical health due to its cultural,
social and religious belief. [20] At the time of
illness a person feels and experiences the
stress in the life. For those diseases, where
medical system fails to give the solution to the
ailments or physical/ mental disorders, one
starts looking toward the spiritual bodies for the
And

organizations, Dharmarth Chkitsyalay through

same. when  various  religious
Trust or Wagf, jumps in the business of health
care that too at door step and with no cost,
those who are not religious earlier may also turn

to spirituality for their cure.

Today all over the world, many religious
organizations, groups and NGO’s are providing
good public health facilities which include
rehabilitation of unwell, nutritional food,
treatment for HIV, counseling services, clean

drinking water etc [21]. At the same time, a few
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religious practices are affecting the system of
health

opposition for vaccination by various religious

public negatively. For example,
groups which influences the people following

them, and compromises with their health.

Thus, it is very clear that religion and religious
practices are connected with the public health.
However, the constitutional relation between
religious practices and public health in books

and in practice is entirely diverse.

ARTICLE 25 AND RELIGIOUS PRACTICES IN
INDIA

Indian Constitution establishes world’s largest
secular democracy with freedom of belief and
faith. It includes right to religion is subject to
public order, morality and health’. It is evident
that Article 25 and health are associated with
each other in one form or the other. According
to this fundamental right, every citizen has the
opportunity to practice and spread their religion
peacefully, but after health assurance. Article
25(1) of the Constitution protects and covers
only the relationship linking the followers with
the deity. But, if any incidence of religious
intolerance occurs in want of health care, it is
the duty of the government to curb such
[22]

harmony between two.

incidence and maintain peace and

Indian Constitution has been framed with
scientific vigour to have a just society. Be it with
regard to individual liberty or any specific
command. In the public interest the State may
interfere in any manner with due procedure and
this is applicable even in the religious matters
too, although Constitution embarks individual
supremacy while

practicing religious

beliefs.The State is authorized to regulate such
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type of secular activities which are closely
connected with religious practices [23] and
which may affect heath and public peace and

tranquility.

During 2020 pandemic it has been crystallized
that

secondary for

religion and religious practices are
want of health measures
imposed by the Govt. through legal mechanism.
Invariably during pandemic 2020, morality and
remained vital for health
this

freedom can never be at the cost of health. Be

public order is

attainment.  Consequently, religious
it euthanasia or any other incurable health
problem all the religion already contains clear
mandates and then such parameters have
been adopted and accepted by law and medical
sciences. Religion and health care both are for
the pleasant survival not for the pain and agony.
Hence it can be drawn that practice of Article 25
of the Constitution is possible only after the

fulfillment of pre-requisites health conditions.

CONCLUSION

Health is a precondition for life whereas belief
is the precondition for a meaningful life.
Accordingly, for a healthy and meaningful life
health and religious beliefs both are equally
important. Divergence between two generates
alarming situation; being religion the most
sensitive issue. This creates a vacuum between
patient and doctor. This has been identified that
most of the tangible religious practices are
important for purpose of hygiene and good
health however, few of them leads to many
compromised situations. Even the same has
been witnessed during CoVID-19 pandemic.

These religious practices results in many health
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care beliefs and practices amongst general

population which should be known to medical

professionals, so providing treatment in such

patients becomes easier.
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ABSTRACT

Introduction: Microorganisms can colonize the surfaces of cadavers and may pose health hazards to
the students and the staff handling them. The objective of the study was to study the spectrum of
bacteria and fungi colonizing the surfaces of cadavers and to determine the need to follow infection

control protocols during their handling.

Materials and methods: A total of 100 swabs were collected from superficial and deep surfaces of the
cadavers and its surroundings. The swabs were cultured on blood agar and Mac Conkey’s agar plates
for isolation of bacterial species and Sabourauds Dextrose Agar (SDA) slants for isolation of fungal
species. ldentification of the bacterial and fungal isolates was done using standard bacteriological and

mycological methods respectively.

Results: Overall culture positivity rate was 78%. There was predominance of isolation of bacterial
species (50%). Escherichia coli and Coagulase negative Staphylococci [CONS] (23.07 % each) were
the predominant bacteria isolated and Aspergillus species (37.50%) was the predominant fungus

isolated from human cadavers.

Conclusions: Various bacteria and fungi colonized the surface of cadavers. Therefore, the study
emphasizes the need for practicing “Standard infection control protocols” in the dissection hall while
handling the cadavers.
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INTRODUCTION

Dissection of the cadavers is a preferred
method for training and skill development in
learning anatomy. It is a part and parcel of first
year MBBS training that every medical student
has to undergo as part of their undergraduate
curriculum [1,2,3].
Dinsmore et al in 2001 [4] and Shalika et al [5]

have reported that working with cadavers in

Previous studies by

dissection hall (DH) creates an emotional
stress among the medical students which
induces both positive and negative experiences
in these students. However, besides the
emotional turmoil another aspect of unseen
stress that persists while working in close
proximity with the cadavers is the risk of
transmission of infection. Previous studies have
shown that microorganisms, both bacteria and
fungi have a tendency of colonizing the
surfaces of cadavers [6,7,8]. Another study by
Tabaac et al. (2013) [9], also showed the
presence of pathogenic bacteria in 10 fixed
cadavers used in anatomy practices and
teaching. However, only a few studies have
addressed the biological risk of fixed cadaver
the likelihood of

microorganisms

manipulation and

dissemination  of during
dissection which may pose serious threat to the

students, staff and the environment [10].

The 1st year medical students, who have just
entered the course, howsoever, are unaware
about the various microorganisms that colonize
the cadaveric surfaces, their risk of
transmission and the various infection control
practices which must be followed by them
during dissection. To the best of our knowledge,

the infection hazards of handling human
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cadavers are underreported in India. So, this
study was carried out to determine the profile of
microorganisms colonizing the cadavers and
highlight the need to practice infection control

protocols during their handling.

MATERIALS AND METHODS

The prospective study was carried out for a
period of 3 months in the dissection hall of the
Department of Anatomy in collaboration with
Subharti

The approval from

the Department of Microbiology,
Medical College, Meerut.
the Ethical

Committee was obtained before conducting the

Institutional and Research

study.

A total of 100 swabs were collected from
superficial and deep surfaces of the cadavers
and their surroundings. The samples were
collected using pre-sterilized cotton swabs
dipped in sterile saline before collection to
The

included both the axilla, ears, eyes, oral cavity,

preserve moisture. regions sampled
nasal cavities, inguinal and perianal region of 4
different cadavers and the dissection table.

The swabs collected (minimum of two cotton
swabs) were immediately transported to the
Clinical Microbiology laboratory under aseptic
precaution for isolation and identification of
bacterial and fungal species. First swab was
cultured on blood agar (BA) and Mac Conkeys
(MAC) agar plates and incubated at 37°C for 24
hours for isolation of bacteria. Identification of
bacterial species was done by standard
bacteriological technique [11]. The second
swab was cultured on slants of Sabouraud

Dextrose Agar (SDA) with chloramphenicol
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(0.05%) and incubated at 25°C and 37°C for
isolation of fungi. The fungal growth was
identified by standard mycological technique
[12]. (Fig.1)

RESULTS

A total of 78 (78 %) surface swabs were culture
positive. Among the culture positive swabs,
pure bacterial species was isolated in 39/78 (50
%) followed by pure fungal species in 24/78
(30.76%) and mixed organism (both bacteria

and fungus) in 15/78 (19.23%) [Figure 2]. A
variety of microorganisms were recovered and
identified from superficial and deep surfaces of
the cadavers and the surrounding table by
culture and identification methods. Escherichia

coli and Coagulase negative Staphylococci

(23.07 % each) was the predominant bacteria
isolated followed by Bacillus species (15.38%).
Aspergillus species was the predominant
fungus growing on human cadavers (37.50%)
followed by Candida species (25.00 %). Even
in mixed growth Aspergillus was the
predominant species (80%). Distributions of
various other bacterial and fungal species
isolated are shown in [Table 1]. However,
association of two bacterial or two fungal

pathogens were not seen in the present study.

DISCUSSION

Cadavers allotted to the students and the
surrounding table are colonized with viable

microorganisms on their surfaces. These

microorganisms can be a source of

Fig. 1. Flow chart showing the processing of samples collected from the cadavers
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19.23%

30.76%

Distribution of microorganism

M Pure bacteria

50.00%

M Pure fungus

= Mixed growth

Fig. 2. Distribution of microorganisms grown in cadaver surfaces (n=78)

contamination of hands, equipment and
clothing and can pose as a health hazard to the
students and staff. Similar finding published by
Molina et al [6] identified bacterial and fungal
species in human cadavers which can
eventually compromise the health of the
manipulators and students. Another study
carried out by Kabadi et al in 2013 [13] have
identified potentially pathogenic
microorganisms like Staphylococcus aureus,
Enterococcus faecalis, and Streptococcus
pyogenes by sampling the clothes of students
who handled the cadavers, but this study does
not directly associate these microorganisms

with cadavers.

The result of our study demonstrates that fixed
cadavers have viable bacteria & fungi on its
the

predominant bacteria; Aspergillus and Candida

surfaces. E. coli and CoNS were
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species was the predominant fungi isolated
from surface of cadavers and its surroundings
both as pure culture and even as mixed etiology
(Table 1). Similarly presence of fungal species
like Aspergillus, Trichophyton, Microsporum,
Candida and Cryptococcus in fixed cadavers
has also been reported by previous workers
[10].

Given the diversity of bacterial species cultured,

preserved cadavers used for anatomy
education must be considered a possible
source for dissemination of microorganisms
and they may pose hazards to those handling
them [14]. Our study shows the colonization of
cadaver surfaces by various microorganisms
and emphasizes the need to practice infection
control protocols during their handling. Both,
the staff and the students, handling the bodies,

should be adequately trained regarding the
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Microorganism isolated Number of Percentage
samples %
Bacterial species isolated (n=39)
1. Escherichia coli 9 23.07%
2 Coagulase negative Staphylococci 9 23.07%
3 Bacillus species 6 15.38%
4. Staphylococcus aureus 5 12.82%
5 Micrococcus species 5 12.82%
Streptococcus species 3 7.70%
6. Enterococcus species 2 5.13%
Total 39 100%
Fungal species isolated (n=24)
1. Aspergillus species 9 37.50%
2. Candida species 6 25.00%
3. Alternaria species 3 12.50%
4. Mucour species 3 12.50%
5. Penicillum species 3 12.50%
Total 24 100%
Mixed Pathogen (Bacteria+Fungus) Isolated (n=15)
1. Aspergillus+ Escherichia coli 9 60.00%
3. Aspergillus +Bacillus species 3 20.00%
4. Candida spp. + S. aureus 3 20.00%
Total 15 100%

Table 1. Profile of microorganism isolated from cadaveric surfaces and surroundings (n=78)

61




J Anat Sci. 2020 Jun;28(1):57-63

basic infection control protocols as part of the

induction training.

As per the new competency based curriculum
introduced by the Medical Council of India
(MCI) and the stress on early clinical exposure
(ECE) , the students of MBBS 2019 batch
onwards, undergo such training as part of the

foundation course which is a turning milestone

in medical education in India [1]. The
significance  of  undergraduates  being
introduced to “standard infection control

protocols” at the commencement of their course
is extremely relevant for their safety. MCI has
recently introduced a pandemic management
module for undergraduate students in August
2020 [15]. The 80-hour longitudinal module on
the

development of different skill sets in medical

pandemic management stresses on
students including Infection Control practices
such as i) Hand washing [16] ii) PPE Donning &
Doffing iii) Disinfection besides many other
skills [17].

CONCLUSION

The surfaces of the cadavers are colonized with

spectrum of microorganisms. This study

intends to enlighten, the naive 1st semester
medical students and staff, regarding risks to
which they are exposed during handling of
Cadavers; the

reinforcing importance of

practicing “Standard Precautions”.
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