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Immunity toward COVID-19 (Novel Coronavirus Disease) in Children, an

Anatomical Perspective

COVID-19 has been Kkilling elderly individuals, and it
is mysterious to see that the kids are spared. This novel
coronavirus is not like the other viruses, which are
dangerous for children as the morbidity is high for this age
group. It is interesting to see that the initial patients in the
People’s Republic of China had no children. This suggests
that the disease is not symptomatic in children."! Children
were observed to have mild clinical manifestations and
may act as asymptomatic carriers.’”) It was reported that
children’s mortality is less than 1%.5) The reason for
this immune status in children is not known. However,
children might have received prophylactic vaccines for
the other viruses, and these vaccines might have protected
the children from COVID-19 to some extent. It is also
possible that the children are not exposed to the external
environment and might have maintained good pulmonary
health.

However, we hypothesized that the children have the
primary lymphoid organ, thymus, which might have
provided immunity to COVID-19. The thymus is a
temporary organ, attaining its largest size at puberty and
involutes after that. People are more susceptible to viral
infections with the thymus regressing due to the aging
process. It is a primary lymphoid organ in which maturation
of “T” lymphocytes takes place. These “T” lymphocytes
are essential to invade against foreign pathogens. It was
reported that thymectomy during early childhood was
leading to decline in the immunologic function following
the cytomegalovirus infection.*! The age groups between
17 and 29 years were the most common people infected
with COVID-19 because, by this age, the thymus gland
involutes, and these people are susceptible to the antigen
load.

Grafting of thymus tissue into the neonatally thymectomized
mice has prevented immunological deficiency.” From this
perspective, we opine that the transplantation of thymic
tissue in COVID-19 patients may be beneficial. Thymic
tissue may create an adaptive immune response when the
coronavirus attacks the body. Even transfusion of serum
taken from children may help these patients. The serum
of children can be tested for severe acute respiratory
syndrome coronavirus 2 antibodies. It is believed that the
thoughts penned herewith may stimulate the researchers
in considering new therapeutic strategies and discussing
the investigations, which deals with the biomarkers and
virulence of COVID-19.

Vishram Singh, B. V. Murlimanju,
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Morphological and Anthropometrical Features of Human Ear Ossicles:
A 1-Year Cadaveric Observational Study

Abstract

Introduction: The ossicular chain formed by malleus, incus, and stapes, is considered an essential
content of the middle ear and is responsible for the transmission of sound vibrations from
the tympanic membrane to the oval window. This study aims to evaluate the morphology and
anthropometry of ossicles from human cadavers. Material and Methods: This is a cross-sectional
study conducted in the Department of Otorhinolaryngology and Head-and-Neck Surgery of
KAHER’s JN Medical College, Belagavi, for 1 year. Twenty fresh cadavers (40 sets of ossicles)
were dissected using zero-degree endoscope. With gentle manipulation, ossicles were removed to
study anthropometry and morphology of each middle ear bone using osseous sizer. Results: Among
the three bones, based on mean measurements, the heaviest bone was incus (19.08 mg), followed by
malleus (16.65 mg) and the lightest bone was stapes (2.28 mg). The longest bone among the three
bones was malleus (7.18 mm), followed by incus (5.71 mm) and stapes (2.70 mm). Malleus showed
variations in the distal ends, incus showed variation in the lenticular process and the obturator
foramen of stapes had different shapes. Discussion and Conclusion: With a rapid rise in the demand
for ossiculoplasty in India, knowledge of morphology and possible anthropometric variation existing
in Indian subjects is needed to add up to a better understanding of middle ear dynamics.

Keywords: Incus, malleus, morphology, ossicles, ossiculoplasty, stapes

Introduction

The special function of hearing is carried
out by a small organ like ear and it only
makes it more interesting that inside
this miniature ear structure, there are
three minor bones- malleus(hammer),
incus(anvil) and stapes(stirrup) tactically
positioned to form a semi rigid structure
acting like a bony cable for transmitting
sound in the middle ear.!! The malleus
is the first bone and is attached to the
eardrum and the stirrup or the stapes is
attached to the oval window. The incus
is bridged between them, and articulates
with both the bones on its either side.
This arrangement, along with the
ventilation, is the driving force of middle
ear mechanics. Discontinuity or fixity of
the ossicular chain leads to conductive
hearing loss. An eroded incudo-stapedial
joint, an absent incus or an absent incus
and stapes superstructure together leads to
ossicular discontinuity in increasing order
of frequency of hearing loss.”) To restore
appropriate sound transmission, ossicular

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

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

chain reconstruction has to be performed.
Several factors have to be considered
when selecting a material to use for
ossicular reconstruction. This includes
ease of availability, stiffness, stability,
biocompatibility, and cost-effectiveness.
According to Mudhol et al., autografts
were preferred for ossicular reconstruction
because they had a very low extrusion rate.
However, with the development of newer
bioactive synthetic prosthesis and moldable
materials, the extrusion rate has become
low. Hence, we can expect biosynthetic
materials to be more popular.®’) To study
the morphology and anthropometry of
middle ear ossicles during surgery is
difficult. Studying them on cadavers gives
a better understanding about its variations
and dimensions. The knowledge of these
ossicle dimensions, their variations, and
their morphometric data will help the
otologists during reconstructive surgery
and also aid in designing better prosthesis.

Objective

This study aims to evaluate the morphology
and anthropometry of ossicles from human
cadavers.

How to cite this article: Mudhol RS, Narahari S,
Havaldar RR. Morphological and anthropometrical
features of human ear ossicles: A 1-year cadaveric
observational study. J Anat Soc India 2022;71:88-92.
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Mudhol, et al.: Morphological and anthropometrical features of human ear ossicles

Material and Methods

This is a cross-sectional study carried out over a period of
1 year (January 2019 to December 2019) from available
cadavers for dissection during the study period in J. N.
Medical College, Belagavi. All cadavers subjected to
dissection were included except temporal bones with
any evidence of previous surgeries and those bones
with history or evidence of trauma. Each cadaver was
numbered categorically and postauricular (Wilde’s) incision
was taken. Using the instruments shown in Figure 1,
dissection was carried out. Skin and subcutaneous tissue
till the periosteal layer was dissected and the external
auditory canal was entered. The tympanic membrane
was meticulously dissected from the malleus. All three
ossicles were visualized using a zero-degree endoscope
and their muscle attachments were separated. With gentle

OSSEOUS SIZER

manipulation, ossicles were removed. All three ossicles
were washed with the hydrogen peroxide solution and
each set of ossicles was stored in a clean box after labeling
it. Each ossicle was weighed using an Mettler Toledo™
digital analytical balance with 0.1 mg readability electronic
weighing machine and its measurements were taken using
an osseous sizer. Photographs were taken from a fixed
distance using the NIKON™ D3500 DSLR camera. This
study was approved by the Institutional Ethics Committee
on human subjects research of Jawaharlal Nehru Medical
College, Belagavi (MDC/DOME/51) on 24/11/18.

All measurements were noted and their mean, median,
and standard deviation were calculated. Statistical analysis
was done by Chi-square test, Paired #-test, Independent
t-test and Karl Pearson’s correlation coefficient method
using Statistical Package for Social Sciences version 24
(SPSS™ 24). Developed on 2016 March, IBM Developer
by Norman H Nie, Dale H Bent, C. Hadlai Hull Chicago.

Results

A total of 20 cadavers (40 sets of ossicles) were evaluated,
as shown in Figure 2. About 70% were male and 30% were
female cadavers.

Malleus

The weight ranged from 12 mg to 21 mg with an average
of 16.65 mg. The total length of the malleus ranged from
6 mm to 9 mm with an average of 7.19 mm. The length
of the manubrium ranged from 2.5 mm to 5 mm with an

Figure 2: Set of 40 ossicles obtained from 20 cadavers
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average of 4.21 mm. The maximum width of the head
ranged from 1.5 mm to 4.5 mm and an average of 2.44 mm.
There is no statistical difference between the right and left
sides. Out of 40 sets of ossicles, morphologically malleus
showed very less variations except that the distal end of 13
bones was straight (30%) and 27 bones were curved (70%)
as shown in Figure 3. There was no statistical difference
noted between the right and left sides [Table 1].

Incus

The weight of the incus ranged from 12 mg to 28 mg with
an average of 19.8 mg. The total length of the incus ranged
from 4.40 mm to 7 mm with an average of 6.74 mm. The
total width of the body ranged from 3 mm to 5.50 mm with
an average of 3.80 mm. The length of the long process
ranged from 2.50 mm to 4.50 mm with an average of
3.80 mm. Out of 40 sets of ossicles, the morphology of
the incus showed variation which could be developmental
or maybe necrosis of the lenticular process. In 28 (70%)
bones, a fully developed lenticular process was seen and in
12 (30%) bones an underdeveloped or necrosis lenticular
process was observed [Figure 3]. There was no statistical
difference noted between the right and left sides [Table 2].

Stapes

The weight ranged from 1.50 mg to 3 mg with an average
of 2.29 mg [Table 3]. The total height of the stapes ranged
from 2 mm to 3.5 mm with an average of 2.7 mm. The

developed lenticular process and underdeveloped/necrosed lenticular
process. (c) Triangular shaped and oval shaped obturator foramen

length of the footplate ranged from 2 mm to 3 mm with
an average of 2.42 mm. The width of the footplate ranged
from 1 mm to 2 mm with an average of 1.26 mm. The
length of the anterior crus ranged from 1 mm to 2.5 mm
with an average of 1.66 mm. The length of the posterior
crus ranged from 1.5 mm to 2.5 mm with an average of
2.08 mm. The width of the head ranged from 0.5 mm to
1.5 mm and an average of 1 mm. Out of 40 sets of ossicles,
we found 18 (45%) bones having a triangular shaped and
around 22 (55%) bones having an oval-shaped obturator
foramen, as shown in Figure 3.

Among all three bones, the heaviest bone was incus
(19.08 mg), followed by malleus (16.65 mg) and the
lightest bone was stapes (2.28 mg). The longest bone
among the three was malleus (7.18 mm), followed by incus
(5.71 mm) and last being stapes (2.70 mm).

Discussion

The human auditory system is a remarkable engineering
design that is made up of complex geometries. Although the
knowledge of the ossicular chain has been there for around
500 years, there are only a small number of morphometrical
studies done on ear ossicles.*! Quam and Rak provided

Table 1: Characteristics of malleus

Parameters Sides n  Minimum Maximum Range Mean
Weight Right 20 12.00 21.00 9.00 16.60
Left 20 13.00 20.00 7.00 16.70
Overall 20  12.50 20.50 8.00 16.65
Length Right 20 6.00 8.50 250 7.08
Left 20 6.00 9.00 3.00 7.28
Overall 20 6.00 8.80 280 7.19
Length of  Right 20 2.50 5.00 2.50 4.15
manubrium  Left 20 2.50 5.00 250 4.25
Overall 20 2.50 5.00 250 421
Maximum  Right 20 1.50 4.50 3.00 243
width Left 20 1.50 4.50 3.00 243
Overall 20 1.50 4.50 3.00 2.44
Table 2: Characteristics of incus
Sides 7 Minimum Maximum Range Mean+SD
Weight Right 20 13.00 26.00  13.00 19.65+3.75
Left 20 12.00 28.00  16.00 18.50+4.48
Overall 20  12.50 27.00  14.50 19.08+4.04
Length Right 20  4.50 7.00 2.50 5.68+0.86
Left 20 440 7.00 2.60 5.74+0.93
Overall 20 4.50 7.00 2.50 5.74+0.87
Length of Right 20  2.50 4.50 2.00 3.50+0.51
long process Left 20  2.50 4.50 2.00 3.38+0.56
Overall 20 2.50 4.50 2.00 3.45+0.50
Width of  Right 20  3.00 5.50 2.50 3.80+0.85
body Left 20  3.00 5.00 2.00 3.78+0.68
Overall 20  3.00 5.30 2.30 3.80+0.77

SD: Standard deviation
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the foremost set of well-defined measurements by
determining the X- and Y-axis of the bone following which
all the distances and angles were calculated.’! However,
Hallgrimsson et al. gave one of the most efficient and
accurate methods by using computed tomography which
provided the measurements of ossicles.!

A comparison of morphometry of malleus in our study
with other studies is shown in Table 4. The weight in
our study ranged from 12 to 21 mg with an average of
16.65 mg which was slightly low compared to other
studies. The length of malleus in our study ranged from
6 to 9 mm with an average of 7.19 mm which is almost
similar to other studies. A comparison of morphometry of
incus with other studies is shown in Table 5. The length
of incus in the present study is almost similar to other
studies. The width of the incus is lesser compared to other
studies. The mean weight of incus in our study was found
to be 19.8 mg which was lesser than that reported by
Jyoti and Shama. in India (23.8 mg).l'¥! This suggests that
considerable variations in anthropometry and morphology
exist in the same country and hence, designing appropriate
prosthesis is a challenge as there are no generalized fixed
measurements. A comparison of morphometry of stapes
is shown in Table 6. According to David Victor et al,!!”
the mean total height of stapes is 3.44 mm. The height
of the stapes in our study is lesser compared to other
studies; the length and width of the footplate are similar in
measurements as compared to other studies. In the present
study, out of the 40 stapes specimens, the length of the
anterior and posterior crus was equal in five specimens
and in all other specimens, the posterior crus was longer
than the anterior crus. Differences in the shape of foramen
obturatum ranging from circular, oval, triangular to even
tunnel shaped are mentioned in different studies.'® Sarrat
et al., distinguished numerous shapes of obturator foramen
of stapes as round, oval, or angled.'” In our study, we
observed triangular-shaped foramen in 45% of the bones
and oval shaped in 55%. Ossiculoplasty is performed by a
large number of surgeons using a wide variety of prosthesis
materials. According to a study done by Mudhol ef al.,
there was significant betterment in hearing in people with
ossiculoplasty done using autologous incus as compared
to titanium prosthesis.' Surgeons operating in the middle
ear should be aware of the dimensions and the possible
variations that can be present in the region to perform the
needed and anticipated corrections without causing any
instability to the structural integrity in middle ear dynamics.
Reckoning this, ossicles are of significant importance in
reconstructive efforts and a careful assessment of this
region should be carried out during ossiculoplasty.

Since it is not practical to assess all the finer details of
these structures in live patients, it becomes essential to
assess, interpret and analyze with an alternative, the only
feasible possibility being cadaveric studies. Till date, very

Table 3: Characteristics of stapes

Parameters Sides » Minimum Maximum Range Mean+SD
Weight Right 20 1.80 3.00 1.20 2.39+0.47
Left 20 1.50 3.00 1.50 2.17+0.46
Overall 20 1.70 3.00 1.30 2.2940.43
Length Right 20  2.00 3.50 1.50 2.70+0.38
Left 20  2.00 3.50 1.50 2.70+0.38
Overall 20  2.00 3.50 1.50 2.70+0.38
Length of Right 20  2.00 3.00 1.00 2.43+0.37
footplate Left 20  2.00 3.00 1.00 2.40+0.38
Overall 20  2.00 3.00 1.00 2.42+0.37
Width of  Right 20 1.00 2.00 1.00 1.28+0.38
footplate Left 20  1.00 2.00 1.00 1.23+0.38
Overall 20 1.00 2.00 1.00 1.26+0.37
Length of Right 20 1.00 2.50 1.50 1.63+0.46
anterior crusLeft 20 1.00 2.50 1.50 1.68+0.41
Overall 20 1.00 2.50 1.50 1.66+0.42
Length of Right 20 1.50 2.50 1.00 2.05+0.36
posterior  Left 20  1.50 2.50 1.00 2.10+0.31
crus Overall 20 1.50 2.50 1.00 2.08+0.32
Width of  Right 20  0.50 1.50 1.00 1.00+0.28
head Left 20  0.50 1.50 1.00 1.00+0.28
Overall 20  0.50 1.50 1.00 1.00+0.28

SD: Standard deviation

Table 4: A comparison of morphometry of malleus with
other studies

Author Length of Length of
malleus (mm) manubrium (mm)
Present study 7.19 4.21
Radha!” 7.4 42
Unur et al.®! 7.7 4.7
Harnejal 7.15 4.22
Kumar!” 8 4.17
Singh et al.l'" 7.9 4.76

Table 5: Comparison of morphometry of incus with
other studies

Author Length of incus (mm) Width (mm)
Present study 6.47 3.80
Arensburg et al.l'! 6.4 5.1
Jyotit'?! 6.3 4.4
Kumar!!” 7.04 5.31

Table 6: Comparison of morphometry of stapes with
other studies

Author Height of  Length of  Width of
stapes foot plate foot plate
Present study (mm) 2.7 2.42 1.26
Unur et al., 20021 3.22+0.31 2.57+0.33 1.29+0.22
Harnejal! 3.12+0.21 2.68+0.27 1.26+0.08
Wadhwa et al., 200511 3.41+0.20 2.97+0.31 0.39+0.10
Rathava et al., 20143 3.33+0.25 2.78+0.15 1.34+0.13
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few Indian studies have been done on ossicles. Most of
them were done using various digital software, graph
sheets, or Vernier calipers for measuring ossicles. These
measurements may be associated with errors. In this study,
an attempt has been made for the first time to use an
osseous sizer, a more accurate tool for the assessment of
ossicular morphometry.

Conclusion

With a rapid rise in demand for ossiculoplasty in our
country, this study assesses the possible morphology
and anthropometric variation that can exist in Indian
cadavers with an intention to add up to the present
understanding of middle ear dynamics. With considerable
inter- and intra-regional variations in the morphology and
anthropometry, we also expect that the effort of this study
will motivate several others to carry out temporal bone
dissections with an intention to supplement the present
understanding with additional information on ossicles
and also be conserved in ossicular banks by practicing
appropriate safeguarding and sterilization approaches for
forthcoming use as homograft in ossiculoplasty. These
collected ossicles may be used to substitute eroded middle
ear ossicles as an alternative to the commercially available
prosthesis.
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Intrauterine Alcohol Exposure Delays Growth and Disturbs Trabecular

Morphology in 3-Week-Old Sprague — Dawley Rat Femur

Abstract

Introduction: The consequence of gestational alcohol exposure ranges from stillbirth to miscarriage
and fetal alcohol syndrome (FAS). FAS is one of the deleterious causes of congenital disabilities,
mental and growth retardation. Several studies suggest that low birth weight and impaired
bone growth, as well as a decrease in mineralization in utero, may reduce peak bone mass and
increase the risk of fractures and osteoporosis later in life. Therefore, the aim of this study was
to determine the effects of intrauterine alcohol exposure on the internal architecture of the femur.
Material and Methods: Time-mated (n = 13) pregnant Sprague — Dawley dams were assigned to
either the ethanol (n = 5), saline control (n = 5) or untreated control (n = 3) group. The former
two groups were treated with 0.015 ml/g of 25.2% ethanol and 0.9% saline for the first 19 days of
gestation, respectively. The untreated group received no treatment. Once born, the pups were weaned
at 21 days. These rats were then terminated. From each dam, two pups were collected resulting
in ethanol (n = 10), saline controls (» = 10), and untreated controls (» = 6). The femora of the
pups were dissected and scanned using a 3D-uCT scanner (Nikon XTH 225 L) at 15 um resolution.
Trabecular and cortical parameters were analyzed using Volume Graphics Studio® software following
reconstruction. Results: We found altered trabecular parameters in the alcohol exposed group. The
diaphyseal cortical and medullary cavity proportions were also affected, particularly in the midshaft.
Discussion and Conclusion: These results indicate that gestational alcohol exposure may lower
bone structural quality by disturbing the internal morphology of the osseous tissue.

Keywords: Cortical thickness, femur, gestational alcohol, internal morphology, trabeculae

Introduction

The consumption of alcohol
pregnancy has well-known teratogenic
consequences on fetal development.l!
These may include spontaneous abortion,
fetal  growth  inhibition,  premature
delivery, abruption placentae, and breech
presentations.”) An offspring exposed to
alcohol in utero can suffer an assortment
of disorders and disabilities® collectively
described as fetal alcohol spectrum
disorder. This is a nondiagnostic, umbrella
term used to describe a range of effects on
an offspring that result from gestational

during

alcohol  exposure.’!  These  include
alcohol-related birth defects, alcohol-related
neurodevelopmental disorder, partial

fetal alcohol syndrome, and fetal alcohol
syndrome (FAS).24

There is limited information on changes in
the internal architecture of bone following
gestational alcohol exposure. However,
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research shows a postnatal reduction in
cortical and trabecular thickness as well
as reduced bone formation rate following
intrauterine alcohol exposure.’7 A decrease
in the bone formation rate may occur due
to the disturbance in proliferation and
the activity of osteoblasts,*®! which may
alter the internal integrity of the bone.
Although studies have shown the adverse
impact of alcohol consumption on cortical
and trabecular parameters, no research has
established the effects of gestational alcohol
exposure on the internal architecture of
postnatal bone development. Knowledge
in this area will be useful and will help us
understand weaker bones in FAS children.

Studies investigating the effects of
gestational alcohol exposure on bone focus
on rat fetuses,!”) therefore, such research is
limited among adolescents!'” Understanding
how gestational alcohol exposure affects
bone postnatal development is crucial
as peak bone growth occurs during
adolescence.P! Intrauterine alcohol exposure
causes shorter bones!'”! and delayed fetal
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skeletal ossification,” with osteoporosis and high fracture
risk in postnatal life,”) suggesting inadequate postnatal
development.

The rate of alcohol consumption during gestation is among
the highest in South Africa at 13%,!'"! compared to 9.8%
on average in the rest of the world.'"! However, some
conservative areas around the world"? and in South Africa
stigmatize alcohol consumption by woman. Therefore,
some women tend to drink in secret to evade the detection
by their spouses and to avoid the perceived societal stigma
associated with women alcohol drinkers.'? This behavior
of secluded alcohol consumption results in binge drinking,
defined as consuming four to five glasses of alcohol per
occasion.®! This pattern of drinking poses a high risk for
FAS," particularly as women may not know that they are
pregnant in the initial 2 months of gestation. Considering
this, we employed a model that sought to mimic binge
drinking. Binge drinking causes more severe brain damage
and behavioral changes than heavy chronic drinking in
rats.'> This is thought to be due to the high peak blood
alcohol concentration produced by consuming large alcohol
volumes over a short duration as in binge drinking.!'? The
effects of alcohol consumption cause negative consequences
to the skeleton of adults; however, it remains uncertain if
this deleterious effects on the osseous tissue will continue
into adolescence and adult life in cases of gestational alcohol
exposure. We wondered whether prenatal alcohol exposure
would affect trabecular morphological parameters in postnatal
life in weight-bearing bone such as the femur. As such, we
investigated this question using the femur in 3-week-old rats
that were subjected to alcohol during gestation.

Material and Methods
Breeding and animal husbandry

The study received ethics approval from the Animal
Ethics Screening Committee (AESC 2015/27/15C). A total
of 13 female virgin Sprague — Dawley rats weighing
between 260 and 350 g were used. All study animals were
bred and kept at the Central Animal Services, University
of Witwatersrand. These animals were maintained
under pathogen-free conditions, temperature-controlled
environment (23°C + 2°C) and a 12-h light/dark cycle.
Pregnant dams were individually housed in plastic cages
(L 430 mm x W 220 mm x H 200 mm), with free movement
within the enclosures. The animals had unrestricted access
to tap water and standard rodent diet.

Treatment with ethanol or saline

The dams (n = 13) were divided into either the ethanol
(n = 5), saline control (» = 5 and untreated control groups
(n = 3). Fewer animals were used in this group (n = 3) to
reduce the number of animals required for the study and to
lower the study cost. The untreated control group received
neither ethanol nor saline. The experimental and saline groups
were treated with 0.015 ml/g body mass of either 25.2%

ethanol or 0.9% saline control, respectively. The ethanol
administered was to mimic a chronic binge drinking model as
a relatively large dose was given once a day. The treatment
was administered by oral gavage for 19 days from the 1 day
of gestation as determined by the presence of a vaginal plug.

Determination of maternal blood alcohol levels

To determine blood alcohol levels in the dams, whole
blood was collected from the tail vein into heparinized
microcapillary tubes, one hour after alcohol administration.
Microcapillary tubes were spun in a microhaematocrit
centrifuge (Haematokrit 210, Hetich, Germany) at
3000 rpm for 10 min. Plasma alcohol determination was
carried out using the BioVision Ethanol Colorimetric
Assay Kit (BioVision incorporation, Milpitas, USA)
according to the manufacturer’s instructions. All reactions
and readings were done in an alcohol-free environment
using an iMark Bio-rad Microplate Absorbance Reader
(Bio-rad Laboratories Inc, USA). All blood samples were
centrifuged, and serum stored at -80°c until analyzed
for Blood Alcohol Concentration [BioVision Ethanol
Colorimetric/Flurometric Assay Kit (catalog #K620-100)]
(BAC).

Allocation of pups

The dams were allowed to litter naturally, and the pups
remained with their dams until termination at 21 days of
age where they were terminated by a lethal pentobarbital
intraperitoneal injection. From each dam, two pups were
collected resulting in: ethanol (r = 10), saline controls
(n = 10), and untreated controls (n = 6).

Skeletal harvesting

Upon termination, the skeletal samples were then
individually immersed and stored in 10% buffered formalin
to continue fixation until further processing.

Micro-focus X-ray computed tomography

Bilateral femora were scanned with a Nikon XTH
225/320 LC X-ray microtomograph. To keep the samples
steady during scanning, the bones were placed in plastic
tubes and mounted in low density Styrofoam, while
allowing the X-rays to get to the sample with negligible
absorption. The plastic container with the sample inside was
then positioned on a rotating manipulator in the scanning
chamber for the scanning. The scanning parameters used in
this study were as follows: the scanning voltage was 70kv;
the X-ray current was 400 pa, with a frame averaging of 4
and a resolution of 15 um. Following reconstruction, VG
studio Max®3.2 was used for the data analysis as previously
described.!'?

Parts of the femora and trabecular morphometry
parameters studied

The VG studio software built in caliper was used to determine
the femoral osteometric parameters. The full bone length and
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bicondylar length and bicondylar breadth were measured
from the femur [Table 1]. The trabecular morphometric
parameters (trabecular number [TbN], thickness, spaces, and
volume) were studied in the proximal and distal epiphysis
of the bone [Figure 1].

A cross-sectional slice from each percentile mark was
then saved for further analysis on Fiji image J. From these
slices, the cross-sectional area, cortical area, and medullary
canal area of the shaft were measured at 3 positions: 25%
(proximal), 50% (midshaft), and 75% (distal) percentile
marks [Figure 1].

Statistical analysis

The data were managed in Microsoft Excel 2016 (Microsoft
Corporation) and analyzed using SPSS® version 27 (IBM®,
SPSS Statistics for Windows, Armonk, NY, USA.).
Analysis of variance with least significant difference
post hoc was used for the multiple group comparisons
of means. Binary logistic regression was used to predict
group membership into either the ethanol or saline control
group. Significance level was set at P < 0.05.

Results
Blood alcohol concentration

In this assay, serum for the saline control group had BAC
values that were negative (or undetectable) and 81.53 mg/dl
for ethanol.

Size estimation
Femoral length

All three groups in the study exhibited mean differences
in femoral bone length. The ethanol group had the shortest

Table 1: Osteometric parameter descriptions

Parameter Description

Full femur length The maximum length measured between
the top of the greater trochanter and the
bottom of the farthest condyle

Bicondylar breadth The distance between the medial

most and lateral most points on the
epicondyles

The part of the bone above the proximal
epiphyseal growth plate

The part of the bone below the distal
epiphyseal growth plate

The area of a slice taken from the outer
margins encompassing the shaft at the 25%,
50", and 75" percentile marks

Proximal epiphysis
Distal epiphysis

Cross-sectional area

Medullary cavity area The area of a slice taken from the outer
margins encompassing the medullary
canal at the 25", 50", and 75" percentile
marks

Cortical thickness The difference between the cross-sectional

area and the medullary cavity area at the
shaft 25", 50" and 75" percentile marks

femora (mean = 1 5.65 mm =+ 0.84) compared to the
saline (mean = 16.01 mm = 0.74) and untreated controls
(mean = 17.16 £ 0.85) [Figure 2a]. However, femora
belonging to the ethanol group were only significantly
shorter when compared to the untreated controls but not
the saline group (P 0.001 and P 0.140, respectively). The
saline controls were also significantly shorter than the
untreated group (P 0.001).

Femoral shaft volume

The phenomenon of lowest values in the ethanol group was
also observed regarding shaft volume as it was lowest in the
ethanol group (mean = 36.62 mm =+ 6.30). It was significantly
lower than the saline (mean = 44.29 mm + 6.90 control)
and untreated controls (mean = 46.90 + 6.28) (P 0.001
for ethanol compared to both controls). No significant
differences were detected between the control groups
(P 0.286) [Figure 2b].

Femoral bicondylar breadth

(ML) dimension varied between
the groups investigated with the ethanol group
(mean = 3.88 mm =+ 0.68) showing a significantly
lower bicondylar breadth in comparison to both the
controls (saline; mean = 4.34 mm + 0.41 and untreated
mean = 4.45 £ 0.42) (P 0.006 for both comparisons). No
significant differences were detected between the control
groups (P 0.59) [Figure 2c].

The mediolateral

Femoral proximal and distal epiphysis volume

The size of the epiphysis showed regional similarities
in the proximal and distal epiphysis among the
study groupings. The proximal epiphysis had a
marginally larger volume in the untreated controls
(mean = 20.75 mm?® £ 1.24) compared to the saline
(mean = 18.73 mm® + 3.39) and in the ethanol group
(mean = 18.66 mm?® + 2.86). However, no significance
was observed among the three groups (P 0.113). In
the distal epiphysis, a greater volume in the untreated
controls (mean = 23.75 mm?® + 3.06) compared to the
saline (mean = 20.57 mm® £ 3.91) and ethanol group
(mean = 19.83 mm? + 2.90) was found (P 0.013 and
P 0.002, respectively) [Figure 2d].

Figure 1: Three-dimensional reconstruction of a 12-week-old femur showing
parts investigated. (a), Full length; (b), bicondylar breadth; (c and d),
proximal and distal epiphysis. (e-g), 25" (proximal); 50" (midshaft) and
75% (distal) percentile marks, respectively
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Figure 2: Size estimation; (a), bone length; (b), shaft volume; (c), bicondylar length; (d), epiphyseal volume. Represented as means for the untreated
control, saline control, and ethanol group. Error bars indicate standard deviation

Trabeculae morphometry

Femoral bone to total volume ratio (bone volume/total
volume)

Regarding the proximal region, bone volume total
volume (BV/TV) was the highest in the untreated
controls (mean = 69.75% + 4.91) compared to the
saline controls (mean = 67.18% =+ 11.33) and the
ethanol group (mean = 62.02% =+ 10.65) [Figure 3a].
This difference was significant for the ethanol and
untreated controls (P 0.041), with controls showing no
significant differences (P 0.195). In distal region, the
saline (mean = 69.78% = 11.95) and untreated controls
(mean = 57.43% =+ 3.27) had more BV/TV than the
ethanol group (mean = 52.53% + 12.30) (P 0.004 and
P < 0.001, respectively) [Figure 3a].

Femoral trabecular thickness

Regional differences were observed in the trabecular
thickness among the three groups. In the proximal
region, all three groups had similarities in trabecular
thickness (ethanol group; mean = 0.11 mm =+ 0.05,
saline controls; mean = 0.13 mm + 0.07 and untreated
controls; mean = 0.11 mm + 0.03) (P 0.313) [Figure 3b].
Conversely, the distal region revealed that the ethanol
group (mean = 0.08 mm + 0.04) had thinner trabeculae
than the saline controls (mean = 0.15 mm =+ 0.07)
although  similar to  the  wuntreated  controls
(mean = 0.08 mm £ 0.02) (P < 0.001 for ethanol and
saline controls) [Figure 3b].

Femoral trabecular number

Trabecular distribution by the study group showed a varied
pattern when stratified by epiphyseal region. The number
of TbN in the proximal region was the greatest in untreated
controls (mean = 6.26 mm™' + 1.00) followed by the
saline (mean = 5.76 mm™ + 1.24) and the ethanol group
(mean = 5.10 mm™ + 1.22) [Figure 3c]. However, these
differences were only significant between the ethanol and
untreated controls (P < 0.009).

In the distal region, the untreated controls
(mean = 7.41 mm' £ 1.17) had more trabeculae than
the saline (mean = 5.50 mm™' + 1.21) and ethanol
groups (mean = 6.38 mm' + 1.68) (P 0.001 and P 0.05,

respectively) [Figure 3c].
Femoral trabecular spacing

Unlike the other trabecular morphometric parameters,
trabeculae spacing (TbSp) showed similarities among
the groups in both the proximal and distal epiphyseal
regions. In the proximal region, the saline and untreated
groups had a mean of 0.056 mm (£0.01), whereas
the ethanol group (mean = 0.06 mm =+ 0.012) had
marginally wider TbSps (P 0.160 among the three groups)
[Figures 3d and 4a-c]. In the distal region, all three groups
had identical mean TbSp (untreated and saline control
mean = 0.06 mm =+ 0.007), although the ethanol group had
a different standard deviation despite equal means (ethanol;
mean = 0.06 = 0.009) (P 0.97 among the three groups)
[Figures 3d and 4d-f].
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Figure 3: Trabeculae morphology. Represented as means for the animal groups
and (d), trabeculae spacing represented at the proximal and distal extremities.

Figure 4: Trabecular morphology. Representative slices of (a), proximal end
in an untreated control; (b), proximal end in a saline control; (c), proximal
end of the ethanol group; (d), distal end of an untreated control; (e), distal
end of saline control; (f), distal end of the ethanol group

Femoral cross-sectional area, cortical area (thickness), and
medullary canal area

Proximal (25" percentile mark)

The proximal cross-sectional areas were similar in all
three groups (ethanol group; mean = 4.52 mm? + 0.89,
saline controls; mean = 4.68 mm? + 0.89 and untreated
controls; mean = 4.62 mm?* + 0.72) (P 0.822) [Figure 5a].
Furthermore, the medullary canal area was similar in
all three groups as the ethanol group had a mean of
2.21 mm? (£0.52) and the saline controls had a mean
of 221 mm? (+0.40) and untreated controls had a

Journal of the Anatomical Society of India | Volume 71 |

(a), bone to total volume; (b), trabeculae thickness; (c), trabeculae number
Error bars represent standard deviation

mean of 2.14 mm? (+£0.68) (P 0.913) [Figure 5a]. With
respect to cortical area (thickness) in this region, the
ethanol group (mean = 2.31 mm? + 1.07) exhibited
a marginally lower value compared to the saline
(mean = 2.47 mm? + 0.96) and the untreated controls
(mean = 2.48 mm? + 0.54). No significance was detected
among the three groups (P 0.812) [Figure 5a].

Midshaft (50™ percentile mark)

The midshaft cross-sectional area was similar in all three
groups studied with the untreated groups having a mean of
4.69 mm? (+£0.82), saline mean = 4.66 mm? (+0.92) and the
ethanol with 4.58 mm? (+£0.68) (P 0.923) [Figure 5b]. The
medullary canal area was the same in the controls (untreated
and saline; mean of 2.34 mm? + 0.42 and 2.34 mm? + 0.43,
respectively). The ethanol group (mean = 2.81 + 0.74) had
the largest medullary canal area with significant differences
detected when compared to the untreated and saline
controls (P 0.031 and P 0.008, respectively) [Figure 5b].
Regarding cortical area (thickness) in this region, the
untreated (mean = 2.35 mm? = 1.00) and saline controls
(mean = 2.32 mm? + 1.03) had similar values. The ethanol
group (mean = 1.78 mm? + 0.69) exhibited lower values
compared to untreated and saline controls. However,
significance was only detected between the ethanol and
saline controls (P 0.044) [Figure 5b].

Distal (75" percentile mark)

The distal cross-sectional area was marginally smaller in
the ethanol group (mean = 5.52 mm? £+ 0.97) compared to
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the saline and untreated controls (mean = 5.90 mm? £ 0.97
and 5.96 mm? =+ 0.62, respectively). However, no
significant differences were observed among the three
groups (P 0.26) [Figure 5c]. The medullary canal
area was marginally smaller in the ethanol group
(mean = 3.89 mm?> + 0.71) compared to the saline
and untreated controls (mean = 3.93 mm? £ 0.62 and
3.98 mm? + 0.93, respectively). No significant differences
were observed among the three groups (P 0.95)
[Figure 5c]. With respect to cortical area (thickness) in
this region, the ethanol group (mean = 1.62 mm? + 0.45)
exhibited a marginally lower value compared to the saline
controls (mean = 1.96 mm? + 0.90) and the untreated
controls (mean = 1.98 mm? + 0.60), although no significant
differences were detected among the three groups (P 0.19)
[Figure Sc].

Femur (3 weeks) trabecular morphometric parameters
most affected by gestational ethanol

Proximal femur

The effect of gestational ethanol on length, shaft volume,
proximal BV/TV, proximal trabecular thickness (TbTh),
proximal TbN, proximal trabecular spacing (TbSp),
proximal volume, proximal cortical thickness, midshaft
cortical thickness were assessed using binary logistic
regression in the ethanol and saline control groups [Table 2].
The parameters used could reliably distinguish between
the two groups. A test of the full model against a constant
only model was statistically significant, indicating that the
predictors as a set, reliably distinguished between ethanol
or saline control group membership (Chi-square = 24.443,
P 0.004 with df = 9). Nagelkerke’s R*> of 0.550 indicated
a moderately strong relationship between prediction and
grouping. The Wald criterion demonstrated that no specific
variable predicted membership [Table 3]. Prediction success
overall was 78.3% (75.0% for the ethanol group and 81.8%
saline controls).

Distal femur

The effect of gestational ethanol on length, shaft volume,
midshaft cortical thickness, distal BV/TV, distal trabecular
thickness (TbTh), distal TbN, distal TbSp, distal volume,
distal ML, and distal cortical thickness was assessed
using binary logistic regression in the ethanol and saline
control groups [Table 4]. The parameters used could
reliably distinguish between the two groups. A test of the
full model against a constant only model was statistically
significant, indicating that the predictors as a set, reliably
distinguished between ethanol or saline control group
membership (Chi-square = 36.004, P < 0.001 with df = 10).
Nagelkerke’s R? of 0.724 indicated a very strong relationship
between prediction and grouping. The Wald criterion
demonstrated that no specific variable predicted membership
[Table 5]. Prediction success overall was 91.3% (95.8% for
the ethanol group and 86.4% saline controls).
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Figure 5: Cross-sectional area, medullary canal areas, and cortical
thickness. Represented as means for the untreated controls, saline controls,
and ethanol group; (a), at the 25" percentile mark; (b), 50" percentile
mark; (c), 75" percentile mark. Error bars represent standard deviation

Discussion

The main aim was to test the hypothesis that prenatal
ethanol interrupts trabecular parameters. The internal
architecture was assessed from the data obtained using
micro focus X-ray computed tomography (CT). Altered
trabecular parameters in the alcohol exposed group were
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Table 2: Femur osteometric and proximal epiphysis trabecular and cortical morphometric parameters in the equation

Variables in the equation

B SE Wald df Significant Exp (B)
Osteometric parameters
Length 0.463 0.671 0.477 1 0.490 1.589
Shaft volume —0.206 0.077 7.069 1 0.008 0.814
Epiphyseal volume 0.053 0.190 0.077 1 0.782 1.054
Proximal epiphysis trabecular and cortical morphometric parameters

BV/TV —0.084 0.069 1.492 1 0.222 0.919
TbTh —4.486 14.408 0.097 0.756 0.011
TbN —0.555 0.427 1.690 1 0.194 0.574
TbSp —64.12 41.116 2.432 1 0.119 0.000
Proximal cortical thickness 0.270 0.685 0.156 1 0.693 1.311
Midschaft cortical thickness —0.533 0.638 0.698 1 0.404 00.587
Constant 13.704 11.928 1.320 1 0.251 894,545.791

SE: Standard error, BV/TV: Bone volume to total volume, TbTh: Trabecular thickness, TbN: Trabecular number, TbSp: Trabecular spacing

Table 3: Group membership classification from
osteometric and proximal epiphysis trabecular
morphometric parameters of the femur
Classification table

Observed Group Predicted
Group Percentage correct
Ethanol Saline control
Ethanol 18 4 81.8
Saline control 6 18 75.0
Overall percentage 78.3

found. The diaphyseal cortical and medullary cavity
proportions were also affected, particularly in the midshaft.

A concern of consuming alcohol during gestation is children
considered small for age.™'? Bone growth and development
impact bone size and ultimately lead to stunted growth as
observed in offspring of mothers who admit to drinking
alcohol during gestation.'”? Therefore, understanding bone
size in research related to the effects of alcohol intake
during pregnancy is crucial. In the present study, we used
micro-CT data to determine the shaft volume, epiphyseal
volume, length, and bicondylar length. We could not find
comparable studies with respect to the shaft and epiphyseal
plate volume as well as bicondylar breadth. However,
numerous studies report on full bone length.'] We were
concerned that length alone as a single linear measurement
would not be adequate to use as a proxy for bone size.
Having used micro-CT data, we were able to quantify the
bone size in the form of volume in a manner that best or
reliably estimates the true bone sizes.

Limb bone elongation takes place through endochondral
ossification, which is entirely dependent on the existence
and viability of the epiphyseal growth plate.'® It has
been proposed that alcohol exposure during intrauterine
life could result in shorter bone due to disturbances in
chondrocyte number and differentiation rate as well as the
size of the epiphyseal growth plate.>”! Researchers!'” have

used length (height) measurements of the growth plate and
its various zones for use as a proxy of epiphyseal growth
plate size. Since this measurement would be in the vertical
direction, size information with respect to the horizontal
aspects of the growth plate would not be captured.
Furthermore, the vertical measurements of the growth plate
and its various zones differ in each part of the growth plate
when assessed from the ML aspect. This means that the
height depends on where the researcher measures and is
prone to difficulties in reproducibility. To overcome this
problem, we used the measurements of surface area to gain
a better estimate of the sizes of the growth plate and its
zones.

We found a lower bone to tissue volume ratio in the ethanol
group together with fewer and thinner trabeculae. We could
not find applicable literature on gestational alcohol trabecular
morphology in the femur of animals exposed to alcohol
during intrauterine life. However, numerous studies elucidate
the effects of alcohol use on bone strength and trabecular
architecture.5?*2!1 These studies report altered bone to
volume ratio, trabecular thinning as well as fewer trabeculae
with larger spaces.>?] Mean TbSp appeared to be unaffected
in our study as there were no group differences.

Employing a binary logistic regression showed that shaft
volume, length and proximal cortical thickness were the
main parameters that determined group membership into
either ethanol or saline control. This means that these
three parameters are affected the most in gestational
alcohol exposure. When using the proximal trabeculae
morphometric parameters more saline control were
misclassified as belonging to the ethanol group. This
suggests that there was less group variation in these
parameters. This, in turn, suggests that that intrauterine
ethanol effects in the femur may be minimal for the
proximal aspect of the bone.
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Table 4: Femur osteometric and distal epiphysis trabecular and cortical morphometric parameters in the equation

Variables in the equation

B SE Wald df Significant Exp (B)
Osteometric parameters
Length 3.226 1.679 3.690 1 0.050 25.178
Bicondylar length 0.248 1.547 0.026 1 0.873 1.281
Shaft volume —0.291 0.148 3.861 1 0.049 0.748
Epiphyseal volume —0.176 0.277 0.403 1 0.525 0.839
Distal epiphysis trabecular and cortical morphometric parameters

BV/TV —0.350 0.234 2.246 1 0.134 0.704
TbTh —13.144 42.873 0.094 1 0.759 0.000
TbN —1.492 0.984 2.302 1 0.129 0.225
TbSp —188.693 137.911 1.872 1 0.171 0.000
Distal cortical thickness —2.746 1.325 4.291 1 0.038 0.064
Midschaft cortical thickness —1.228 0.903 1.847 1 0.174 0.293
Constant 12.851 16.041 0.642 1 0.423 381,250.305

SE: Standard error, BV/TV: Bone volume to total volume, TbTh: Trabecular thickness, TbN: Trabecular number, TbSp: Trabecular spacing

Table 5: Group membership classification from
osteometric and distal epiphysis trabecular
morphometric parameters of the femur
Classification table

Observed Group Predicted
Group Percentage correct
Ethanol Saline control
Ethanol 19 3 86.4
Saline control 1 23 95.8
Overall percentage 91.3
Conclusion

Gestational alcohol exposure had an adverse impact on
bone size at 3 weeks in postnatal life. The smaller femora
observed following intrauterine alcohol exposure could be
due to the altered trabecular parameters and cortical as well
as medullary cavity proportions in the femoral midshaft.
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Participation of 1st-Year Medical Undergraduate Students in an Anatomy
Exhibition as “Near-Peer”’ Teachers — An Innovative Method to Implement
Components of the Competency-based Curriculum in India

Abstract

Introduction: To develop a medical professional multidimensionally, experiences must be built in the
medical undergraduate curriculum using existing programs and resources. Utilizing the involvement
of 1*-year medical students in an anatomy exhibition as “near-peer” teachers, we aimed to develop
an interest in teaching among them and to sensitize them to the surrounding community and the need
for the development of communication skills. Material and Methods: One hundred 1*-year medical
students were involved in teaching anatomy to school students from the community during an
anatomy exhibition. The students were divided into 10 groups and they demonstrated the displayed
specimens for 4 days on a rotation basis. Feedback was collected to evaluate students’ responses
to the program. Results: The feedback from the students (n = 88) revealed that students enjoyed
the experience (97.7%) and found the experience useful for their appreciation of anatomy (87.4%).
About 53.4% of students were able to communicate effectively, although 61.4% had language
difficulties. Students appreciated the opportunity to interact with school students (90.9%), the
need for educational outreach (94.3%) and also recommended their future involvement in teaching
programs (94.3%). In making the learning experience enjoyable to the students, the factors that
played a key role were their ability to communicate easily (P = 0.019) and their ability to appreciate
the need for community outreach (P = 0.005). Discussion and Conclusion: Developing the interest
of 1*-year medical students in teaching and sensitizing them to the need for improved communication
skills and societal consciousness can be achieved by enabling them to act as “near-peer” teachers in

school teaching programs.

Keywords: Communication skills, competency-based curriculum, medical education, near-peer

teaching, social consciousness

Introduction

The medical curriculum globally has been
gradually and steadily shifting toward
competency-based  medical  education.
Medical students are no longer required
to become a competent clinician only, but
they are required to embrace and exercise
softer skills such as communication,
professionalism, lifelong learning, and
leadership as well.l! To train an individual
in these wvarious attributes, multiple
experiences must be built in the medical
undergraduate curriculum, enabling the
students to acquire the requisite skills.
These experiences can be designed in
the form of curricular and extracurricular
activities to broaden the scope of learning
in a limited period. With the advent of
competency-based education, there is a
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greater need for identifying avenues to
enrich our medical training.”

One such activity planned for 1%-year
medical undergraduate students at our
institution was their involvement in
a  walk-through anatomy exhibition,
conducted in the department of anatomy for
higher secondary biology school students.
This exhibition, which is approved by the
institution, is periodically held to help the
school students of the surrounding region,
to understand three-dimensional human
anatomy, and to create an interest in the
subject. The main mode of teaching is
through soft-tissue prosections, plastinates,
models, charts, figures, and other
audio—visual aids.’! [Figure 1] In this
first-of-a-kind effort, the 1%-year medical
undergraduate students were involved in a
4-day anatomy exhibition to describe simple
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anatomical specimens to school students. This was done to
provide them a “near-peer” teaching experience to develop
an interest in teaching among them, to create awareness of
the surrounding community, and also to sensitize them for
the need to develop communication skills in medicine.

Material and Methods

After obtaining permission from the Institutional Review
Board (IRB Min. No. 12490, dated December 18, 2019) and
informed consent, 100 1¥-year medical students were involved
in teaching anatomy to school students during “CORPORA
2018,” an anatomy exhibition, conducted by the department of
anatomy over 4 days which was attended by over 5000 school
students. One day before starting the study, the knowledge
of basic human anatomy was tested by a multiple-choice
quiz (MCQ) test to make sure that the students were
aware of simple school-level anatomy. On the days of the
exhibition, the MBBS students were randomly divided into 10
groups and assigned various regions of the human anatomy
been displayed for the exhibition. They were required to
demonstrate the displayed specimens to the visiting school
students. The activity was conducted during their regular
anatomy class timings of two and a half hours daily, for 4 days
on a rotation basis [Figure 2]. Students were provided faculty
facilitators to help them if they had any doubts or queries.
After the exhibition, an anonymous feedback designed on a
S-point Likert scale as well as having descriptive feedback
questions was collected to evaluate students’ responses
to the program [Figure 3]. Data were summarized using
frequency along with percentage, and the association between
the variables was measured by constructing crosstabs and
Kendall’s Tau-b correlation coefficient. The P = 0.05 was
set as the level of significance, and IBM SPSS Statistics for
Windows, version 21.0 (IBM Corp., Armonk, NY., USA).

Results

Feedback was obtained from a total of 88 (n) students. Out
of a feedback from 88 (n) students, a total of 76 students

T A vt \ 1 | ,
Figure 1: “CORPORA-2018, a walk-through anatomy exhibition, conducted
by the Department of Anatomy for higher secondary” biology school
students

indicated their age on the feedback, which was a mean
age of 18.34 years (+0.946), and 77 students indicated
their sex on the feedback, where the male students were
31 in comparison to 46 female students. The 1%-year
medical students (n = 86) scored an overall mean of
82.71% (+13.23) in the basic anatomy MCQ test before
the start of the study, indicating their ability to be able to
demonstrate specimens to school students.

The feedback collected from the students (n = 88) revealed
that 97.7% of the students enjoyed the experience of
teaching school students and 87.4% felt that this experience
was useful for their appreciation of anatomy. About 53.4%
of the students were able to effectively communicate with
the visitors, although 61.4% had language difficulties and
felt that they needed to work toward developing language
and communication skills. Being involved in teaching was
a new experience for many students (77.3%) and 70.1% of
the students expressed that they would love to be involved
in future teaching programs as well. Most of the students
appreciated the opportunity to interact with school students
and teachers from the community (90.9%) and felt that there
was a need for outreach in education (94.3%). The majority
of the students (94.3%) recommended the future involvement
of medical students for anatomy exhibitions [Figure 4].

On Likert scale, scores were given for various responses
as follows: strongly agree — 1, agree — 2, disagree — 3,
and strongly disagree — 4 (neutral was given a value
of 0). The score of the student responses to all questions
was between 1 and 2, indicating the agreeability of the
students with the questions posed, such as enjoyability
of the experience, communication abilities, usefulness of
the session for their own learning, and opportunity for
community interaction. Question number 6 explored the
usefulness of the time spent on the exercise and students
gave a mean score of 2.39 £ 1.573, indicating that there
was a greater proportion of students disagreeing with the
concept of wastage of time due to the exercise. Surprisingly,
question number 9 asked the students about the fact that if

Figure 2: 1st-year medical students demonstrating anatomy specimens to
high-school students during the anatomy exhibition
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Kindly tick only one relevant response

FEEDBACK QUESTIONNAIRE FOR MBBS STUDENTS (2018 BATCH) INVOLVED IN ‘CORPORA’ PROGRAM

Sex: Male/ Female Age:

Q. | QUESTION Strongly | Agree | Neutral | Disagree | Strongly
No. agree disagree
1 | enjoyed teaching school students at

the CORPORA 2018 exhibition
2 | was able to communicate easily with

the visitors

3 The specimens and models were easy
to handle and explain

4 Being involved in teaching was a new
experience for me

5 | had the opportunity to meet students
and teachers from the different schools

6 | felt being involved in CORPORA was
time- consuming

7 | felt being involved in CORPORA was
useful for my appreciation of anatomy

8 | was able to appreciate the need for
outreach in education

9 | had difficulty in explaining due to
language

10 | | would love to be involved in teaching
programs in the future

11 | I would recommend medical students’
involvement in CORPORA in future

Any comments and suggestions
regarding CORPORA exhibition:

Figure 3: Feedback questionnaire used for obtaining student responses

they faced difficulty due to language issues and response
score of 1.78 + 1.208 indicated that a large proportion of
the I*-year medical students have language issues which
should be taken care of early in the medical training to
improve their learning during clinical years [Table 1].

Cross tabulation and statistical analysis done using
Kendall’s Tau-b correlation coefficient between various
responses on the feedback questions revealed some
important aspects [Table 2]. In making the learning
experience enjoyable to the students, the factors that
played a key role were their ability to communicate
casily (P = 0.019) and their ability to appreciate the need
for community outreach (P = 0.005). The factor that made
the students communicate effectively was their appreciation
for the need for outreach in education (P = 0.016),
although communication for some was greatly hampered

by language barriers (P = 0.051). There was a positive
correlation found between the students who understood
the usefulness of the session for the appreciation of
human anatomy also their willingness to be a part of such
endeavors in future (P = 0.027).

Comments from the students were varied where many
appreciated the experience, whereas some had concerns
regarding not knowing the local language and the
magnitude of the anatomical work at display for school
students [Table 3].

Discussion

Doctors today are custodians of health, wellness, and
well-being of society and are required to embrace a
multidimensional approach to their practice of medicine.
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| was able to communicate easily

o

10

m Strongly agree u Agree ® Neutral

enoye teaching schoosuceres |

Disagree u Strongly disagree

Figure 4: Graph representing student feedback obtained on a 5-point Likert scale

The medical profession requires a doctor to not only
be responsible toward the treatment of his patients
but also Excel in other essential roles to serve as the
physicians of first contact for the community while being
globally relevant.¥! The essential roles of an Indian
Medical Graduate (IMG), listed by the National Medical
Commission of India, are clinician, professional, leader,
communicator, and lifelong learner. Each role has required
competencies laid down under it, which the graduate needs
to achieve to become a competent IMG.P!

Teaching skills

Teaching “how to teach” has hardly ever been taught
to medical undergraduate students. Medical students
form future residents and faculty members of medical
institutions with responsibilities including teaching and
training of juniors. Teaching is also an essential aspect of
physician—patient interaction and medical students tend to
develop as effective communicators if exposed to training
in teaching skills. In addition to these factors, it is also
believed that medical students with a better understanding
of teaching and learning principles become better
learners.!*!

A study done at the University of Vermont College of
Medicine on the perceptions of undergraduate medical
students (n = 83) on themselves and residents as teachers
showed that medical students are interested both in
learning teaching skills and teaching during medical school
and during residency. Sixty-seven percent of students felt
that residents played a significant role as teachers. Students
appreciated the need for teaching training and many
students wanted to teach during medical school (80%) and
residency (93%).[7 In our study, most of our students were
exposed to a teaching opportunity for the first time in their
life (77.3%) but did appreciate the usefulness of teaching
and expressed their interest in being involved in teaching
programs in future (70.1%).
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There have been studies suggesting that when students
teach, they develop a deeper and more persistent
understanding of the material.®! Furthermore, there is
enough evidence to say that when teaching is used as a
mode of learning, the retention of content is better. A study
done by Peets et al. concluded that the involvement of
medical students in teaching small group sessions improves
their knowledge acquisition and retention.”) In our study
too, most of the students (87.4%) felt that there was an
improvement in their understanding of the subject as a
result of the teaching experience.

In a survey done by Andrew Jay et al. evaluating the
effects of student-as-teachers (SAT) program at Mayo
Medical School using a web-based survey sent to all
teaching assistants in the anatomy-based SAT program
over 5 years (2007-2011), indicated that participants
in the anatomy-based SAT program achieved core
competencies of a medical educator and felt prepared for
the teaching demands of residency.!'” In a study done by
Haber et al., 4"-year students were trained in the form
of a 4 h session called “teaching to teach” in preparation
for teaching during their internship. The course
evaluations indicated that students highly supported the
program (overall ratings 2000-2005: mean = 4.4 [scale
1-5], n = 224).1""1 Zijdenbos et al. in 2011 did a 1-week
basic teacher training program as a part of a course
called block supervised training in attitude research
and teaching for the final year of internship, which was
scored on a S5-point Likert scale and the mean score was
found to be more than 3.0 which lead to the conclusion
that the training provided raised interest among teachers
and students.'? On comparing this to our study, the
major difference is that we have initiated a near-peer
teaching approach for our students at a much earlier
stage in their medical career, in preparation for future
teaching experiences. Although, we recognize that this
program was of a short duration, this would establish
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= a foundation for all future endeavors to enable more
g % § teaching opportunities for our students.
§ Community sensitization
~ Community outreach has been an important aspect of
- 2 medical education and needs to be initiated as early as
> & :43 possible. The importance of providing anatomical teaching
= to high school students has been reported in the literature.™
£ This exhibition which is conducted once in every alternate
ED § year caters to the needs of the biology students in our
2(3| v area which benefits not only our students but it also helps
£ g in kindling the interest of biology students toward human
§ - anatomy by live demonstration of both wet specimens and
f 2 plastinates. Keeping the exhibition locally relevant, we
Sloolon =2 have been able to maintain a great relationship with the
E o= 5 surrounding community and have an immense community
2 — support in maintaining our department resources. The
g — idea of medical students being involved in teaching
:'é - 8 was to expose them to the surrounding community in a
ole % E nonthreatening way, where they can communicate and
f N interact freely. There is much emphasis on the need for
: social consciousness among medical students and to
= g develop into better doctors for the future, they need to be
2185 b aware of their surrounding community and their culture.
§ a There have been no such similar reports in the literature
= o as this was a unique initiative by our department. In our
g © study, the students appreciated the fact that they got an
g oo o opportunity to interact with students and teachers from
2 o § the local community (90.9%) and also realized a need
0 — for outreach in the field of education as well. There was
£ “ a statistically significant positive correlation (P = 0.005)
.§ - & between students who enjoyed the experience and those
=] (=4 & E who were able to appreciate the need for community
5 it outreach. We also hope that through this experience, we
s can cultivate an idea of sharing of knowledge among our
S e
z d students.
g S 2 Communication skills
z - Over the past decade, communication skills have been
g " extensively incorporated in the medical curriculum
§ 2 globally and now form an important component of
= 8 & E medical education. However, sensitization to the need for
= M developing communication skills is not addressed in the
§ medical curriculum and we need to realize that it may
o 0 not occur automatically to students that there is a need
ol=lw = for growth in this area unless challenged with targeted
% o\ £ experiences and environments. For a 1%-year medical
= — student, it is important to be aware of this need to work on
- developing this skill in his future years. In a study done by
al -% Moral et al. using 120 1%-year and 110 final-year students
gl |z using a Communication Skill Attitude Scale, it was
g8 ﬁ shown the 4®-year students were less enthusiastic about
: é A R communication skills training than 1% year, indicating the
E s 2| § importance of inculcating communication skills training at
ZI= 8 e an earlier stage like in 1% year.'*! In a study done by Joekes
cls =13 et al. to investigate whether the introduction of professional
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Table 2: Correlation and statistical significance between

Table 2: Contd...

the individual feedback questions Questions Correlation coefficient P

Questions Correlation coefficient P Q9 and Q10 0.020 0.823

Ql and Q2 0.241 0.019%* Ql1 —0.012 0.897
Q3 0.233 0.023* Q10 and Q11 0.263 0.026*
Q4 0.034 0.752 *Significant
Q5 0.274 0.005%*

83 ;)00()53763 822? Table 3: Some examples of students’ comments
Positive Negative

Q8 0.286 0.005* - . a —

Qo ~0.197 0.026* It was a good experlence;’lt Some contents were given in so
should be held more often much depth that was a lot for 11%

Q10 0.063 0.559 s7) graders” (S31)

Qll 0.148 0.177 “A nice, new experience” “We were not able to communicate

Qé an Q3 812; 8(1)2? (S57) well due to language barrier” (S18)
Qs 0.143 0.160 o .
Q6 0015 0.866 development teaching in the first 2 years of a medical
Q7 0.114 0.239 course improved students’ observed communication skills
Q8 0.231 0.016* with simulated patients (n = 82). Thirty-five students were
Q9 ~0.140 0.051* given traditional preclinical curriculum and 47 students
Q10 ~0.033 0.685 were given training in a curriculum with communication
Q11 0.058 0.526 skills integrated into a “professional development” vertical

Q3 and Q4 0.129 0.202 module. Videoed consultations were rated using the Evans
Qs 0.293 0.002* interview rating scale by communication skills tutor.
Q6 —0.152 0.114 Results showed that students who received training scored
Q7 0.103 0.288 higher ratings when compared to students who received
Q8 0.166 0.099 traditional curriculum.' In a study done by Taveira-
Q9 —0.074 0.378 Gomes et al., 255 undergraduate medical students, at the
Q10 —0.026 0.801 Faculty of Medicine, University of Porto, completed a 1.5
Qll 0.016 0.873 h per week course over 4 months on basic communication

Q4 and Q5 0.147 0.205 skills. The students’ final evaluation consisted of an
Q6 0.008 0.924 interview with a simulated patient assessed by a teacher
Q7 —0.008 0.939 using a standardized framework. After 3 years, while
Q8 0.087 0.422 attending internship, 68 students from the same group
Q9 ~0.020 0.817 completed a reevaluation interview following the same
Q1o 0.044 0.640 procedure, which showed that medical students maintained
Qll ~0.024 0.807 a communication skill mean level similar to that of the

Qé;nd Q6 ;)00()6220 822; original posttraining evaluation, but significant differences

' ) in specific communication abilities were detected in this
Q8 0.277 0.009* £ students U
Q9 ~0.048 0.597 group of students.
Q10 0.067 0.529 In the studies cited above, it showed that inculcating
Qll 0.227 0.046* communication skills in the early years of MBBS

Q6 and Q7 —0.073 0.409 significantly improved the communication skills of
Q8 —0.181 0.030% MBBS students and helped them in becoming better
Q9 0.050 0.560 communicators and also helped in their attitude toward
Q10 —0.085 0.373 patients. In our study, students realized the need for good
Qll —0.038 0.686 communication skills as a large proportion of our 1%-year

Q7 and Q8 0.023 0.842 medical students (61.4%) had language issues and had
Q9 ~0.071 0'448* difficulty in communication, language barriers significantly
Q10 0.231 0.027 hampering their communication abilities (P = 0.051).
Qll1 0.219 0.062 . . . .

Q8 and Q9 —0.034 0725 This 1anguage issue, wk.nch has beep 11.sted as some of
Q10 0.107 0.296 the negative comme'cnts in the data, is since most of our
Qll 0.134 0232 students are from different parts of the country and have

different mother tongues. The local language is not known
Contd... to many, who are required to learn the language in the
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coming years to be able to talk to the local patients in
their clinical years. Highlighting that almost two-thirds of
our students face this issue, there is a need for organized
language teaching to help these students, which has now
been included in their foundation course as a mandatory
session. There was a significant positive correlation
(P = 0.019) between the students who enjoyed the
experience of teaching the school students and their ability
to communicate easily with them, indicating that good
communication skills help the students benefit from such
experiences. We believe that it is important to create a
sensitization toward the need for honing of communication
skills among the students early in their training, to
maximize on the communication training opportunities that
they might receive in their future years, and to improve
their learning during clinical years.

Conclusion

Training a medical professional is challenging and requires
multiple avenues for developing these traits. A review
analysis of 10 interventional studies showed that medical
students had positive responses and attitudes toward new
teaching methods and that new teaching strategies in
medical education could positively impact learning.!'®!

Developing the interest of 1¥-year medical students in
teaching, sensitizing them to the need for improved
communication skills, and improving social consciousness
among them can be achieved by enabling them to act as
“near-peer” teachers in high-school teaching programs.

In training future doctors, the added demands of the
profession have to be kept in mind and avenues for growth
must be provided as early as the 1% year of medical
training. There is also an urgent need for innovations
in medical education and the development of multiple
learning opportunities in light of the new competency-based
curriculum rollout in India. We believe that educational
innovations can be contextual, and there should be
emphasis on using the already established structure of
our systems and available resources in designing such
innovations rather than mimicking the ideas of a different
setup elsewhere in the world.
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The Persistent Median Artery: A New Challenger in Carpal Tunnel

Imaging?

Abstract

Introduction: The aim of the study was to determine the incidence of the persistent median
artery (PMA) at the wrist level, its correlation to age, gender, and contralateral wrist, and its
position to the median nerve and its variations. Material and Methods: A total of 1504 wrists were
evaluated using the magnetic resonance imaging examination. The proton density and T2-weighted
axial images were investigated. The patients were divided into three groups according to age. The
incidence of PMA, gender, and relationship with the contralateral wrist, distribution according to
the age groups, and position to the median nerve were recorded. The images were first evaluated
on the consensus of two radiologists and then all data were inspected by another radiologist with at
least 10 years of experience in musculoskeletal radiology. Results: Palmar-type PMA was observed
in 379 of 1504 included wrists (25.1%). The evaluation according to the age groups showed that
the incidence of PMA decreased with increasing age. The median nerve variations concomitant to
PMA (bifid-trifid) was found to be seen in 94 patients. In 61 of these 94 patients (64.8%), PMA
was passing through the branches of the median nerve. It was observed that in 62.5% of the cases,
PMA occupied an anteromedial position to the median nerve. Discussion and Conclusion: PMA
accompanied by median nerve variations is frequently seen. The incidence of PMA decreases with
increasing age. The presence of PMA and its position should be cautiously evaluated using imagery,

particularly in young patients before wrist surgery.

Keywords: Anatomy, carpal tunnel, magnetic resonance imaging, median artery, median nerve

Introduction

During prenatal development, the median
artery provides blood supply to the hand and
forearm. Following the development of the
radial and ulnar arteries, it usually regresses
and disappears after birth.!" However,
the median artery may persist during
adulthood in some people, which is called
the persistent median artery (PMA) and
continues to supply the hand after birth.[!
It has two subtypes: palmar, in which the
PMA extends to the palm, and antebrachial,
in which the PMA is shorter and ends in
the forearm.?)

The carpal tunnel, which has a fibro-osseous
structure, is formed by the flexor
retinaculum (transverse carpal ligament) at
the anterior side and by the carpal bones at
the posterior side. Within the tunnel, nine
flexor tendons and in anterior location,
median nerve adjacent to flexor retinaculum
is observed. Typically, no vascular

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

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

structures are located within the tunnel in
the wrist in adults. However, the PMA may
extend through the flexor retinaculum and
the carpal tunnel adjacent to the median
nerve. It may extend to the palm and form
the superficial palmar arch together with the
ulnar artery. The incidence of palmar PMA
was between 0.6% and 26%"! in previous
studies.

Aneurysms or thrombosis of the PMA
may compress the median nerve and
cause carpal tunnel syndrome. During
surgical interventions, in this region or
median nerve blockage, the superficially
located PMA may be injured and
ischemia may emerge in the perfused
area.l! Therefore, the presence of PMA
and its position to the median nerve is
critical.

In this study with a large sample size, the
objective was primarily to determine the
incidence of PMA at the wrist level, its
correlation to age, gender, contralateral
wrist, and secondarily its position to the
median nerve, and its variations.
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Material and Methods

In this retrospective study following the approval of the
ethics committee, magnetic resonance images (MRI) of 1578
wrists, which had been obtained for various reasons between
2015 and 2020, were evaluated. Patient age and gender, the
evaluated wrist, the presence/absence of a PMA at the wrist
level, the PMA’s position to the median nerve, the type of
median nerve, and its variations, if present, were recorded.

Among 1578 wrists, 74 patients were excluded from
the study. Cases were excluded based on several
criteria: (1) Poorly defined or low-quality images (without
proton density [PD] and T2-weighted images); (b)
insufficient clinical information (the reason of magnetic
resonance [MR] examination was not recorded, the absence
of information about age, gender, and other information);
and (c) history of wrist surgery. The study was conducted
with 1504 sequential patients.

All images were obtained using a 1.5 Tesla MR
device (Signa HDxt; GE, USA). All patients were placed
in the prone and arm-overhead position. The wrist was
positioned in a dedicated wrist coil, so it was located at
the isocenter of the magnet. The PMA was assessed on the
T2 and PD axial images obtained at the level of the carpal
tunnel. Slice thickness was 3 mm.

The diagnostic criteria for PMA are described by
Pierre-Jerome et al' as a well-defined circular-shaped
artery that is adjacent to the median nerve, reflecting
a higher signal intensity than the median nerve and
presenting a linear flow void artifact. The median nerve
was evaluated as one branch or bifid and trifid variations in
the carpal tunnel. The position of the PMA to the median
nerve (anterior, posterior, anterolateral, and anteromedial
passing through the median nerve) was recorded.

The incidence of the PMA was evaluated according
to gender, hand side (left-right), and age. The patients
were divided into three groups according to age: (1)
Group I (4-30 years), (2) Group II (31-55 years), and (3)
Group III (5686 years).

The images were evaluated by two radiologists and if
a consensus was not reached, consultation with a third
radiologist with 10 years of experience in musculoskeletal
radiology was provided. The participating physicians were
blind to the clinical information, gender, age, and hand side
of patients during the evaluation of the images.

The present study was approved by the ethics committee of
Gaziosmanpasa Training and Research Hospital. Data were
analyzed with the SPSS software package (Version 23.0,
Chicago, Illinois, USA). The accepted limit of statistical
significance was P < 0.05 at a 95% confidence interval.
Continuous variables were assessed using the Student’s
t-test, and the categorical variables were assessed by the
Chi-square test.

Results

Wrist MRI of 1504 patients (age between 4 and 86 years)
was evaluated.

The patients were divided into three groups according
to age. Groups I, II, and III consisted of 649, 712, and
143 patients, respectively. The demographic distribution of
patients according to age is summarized in Table 1.

Within the carpal tunnel, the PMA was observed in 184
of 540 male patients (34.1%) and 195 of 964 female
patients (20.2%) [Figure 1]. The incidence of PMA was
significantly higher among males (P < 0.001).

Among 1504 patients, 725 of the images were of the left
wrist and 779 were of the right wrist. The incidence of
the PMA within the carpal tunnel was 22.9% for the left
wrists and 27.3% for the right wrists. The difference was
statistically significant (P < 0.05).

The presence of the PMA was also evaluated according to
age. The incidence of the PMA within the carpal tunnel was
27.9% (n = 181) in Group I; 24.2% in Group II (n = 172),
and 18.2% in Group III (n = 26). The differences between
the groups were statistically significant (P < 0.05).

During the evaluation of the median nerve variations
within the carpal tunnel, the bifid median nerve (BMN)
was observed in 150 patients (9.9%) and three median
nerve branches in one patient [Figure 2]. No statistically
significant differences between the patients regarding
age, hand side (left-right), and gender were found.

Figure 1: T2-weighted axial image displays persistent median artery (arrow)
in carpal tunnel

Table 1: Demographics of the patient population

Groups  Age (years), Gender Wrist Total
mean (male/female) (left/right) patients
I 4-30 (22.53) 254/395 291/358 649
I 31-55 (40.58) 245/467 359/353 712
11 56-86 (62.52) 41/102 75/68 143
Total 4-86 540/964 725/779 1504
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Figure 2: T2-weighted axial image shows the variation of median nerve with
two nerves (arrows) in the carpal tunnel (bifid median nerve)

Ninety-four patients had PMA concomitant with
BMN, and this occurrence was found to be statistically
significant (P < 0.001). The prevalence of PMA and median
nerve variations based on age groups, gender, and location
are shown in Table 2

The position of the PMA to the median nerve was also
evaluated. Of 379 patients with PMA in the carpal tunnel,
the PMA was positioned at the anterolateral side of the
median nerve (10.55%) in 40 patients, on the anterior
side in 39 patients (10.29%), on the anteromedial side
in 237 patients (62.5%), and on the posterior side in one
patient (0.2%). In 61 patients, the PMA passed through the
median nerve branches [Figure 3 and Table 3].

Discussion

Palmar-type PMA was observed in 379 wrists of the
evaluated 1504 samples (25.1%). In previous studies,
the reported incidence of palmar-type PMA was between
0.6% and 26%.**! The main difference among the reported
results might depend on the number of evaluated wrists,
bilaterality/unilaterality, use of different measurement
techniques, and racial characteristics. Regarding the
literature, most of the studies were conducted using
ultrasonography and cadaver dissections. Particularly
in ultrasonography, the evaluator’s experience, patient
compliance, and even probe compression differences may
have led to conflicting results. Considering the cadaver
studies, the limited number of samples may have affected
the universality of the results. Both bilateral and unilateral
wrists have been examined in the literature. Henneberg
et al® determined that bilateral PMA was more common
than unilateral PMA.

Recently, research similar to the present study, which has
focused on the evaluation of PMA and the median nerve
at the wrist level with MRI, has been published.’”? The
evaluation of MRI may provide different results depending
on image quality, section thickness, and other factors.
However, MR examination has certain advantages such as

Figure 3: T2-weighted axial image represent a persistent median
artery (open arrow) pierces through bifid median nerve (arrows)

noninvasive implementation, suitability for retrospective
studies, and the evaluation of large sample sizes.

The evaluation of age groups showed a statistically
significant difference between age and PMA incidence.
This finding may depend on the regression of the artery or
the inability to observe the artery due to calcification on
the PMA that is found with increasing age or thrombosis.
The findings of the present study are consistent with some
studies in the literature. In a study conducted by Carry
et al." in the pediatric population, it was found that the
odds of a PMA decreased by 4.4% for every 1 year increase
in age. Lucas et al.l'! conducted a study on cadavers and
reported that PMA incidence decreased with an increase in
age. As the incidence of PMA has increased three-fold in
the past 125 years, Lucas et al. suggested that the PMA
may no longer be regarded as a variation 80 years later and
may be considered a normal anatomic structure in humans.

In the present study, the incidence of PMA was
22.9% (n = 166) in the left wrists and 27.3% (n = 213)
in the right wrists, and the difference between the two
was statistically significant. Regarding the literature, right
dominance was reported in most of the studies, which is
consistent with this study. However, the differences reported
in these studies were not statistically significant. In cadaver
studies, Isaac et al.'” evaluated 62 wrists and found that the
incidences of PMA in the right and left wrists were 12.9%
and 6.5%, respectively, while the same incidences were 12%
and 12.5% in a study conducted by Rodriguez-Niedenfiihr
et al.””! who evaluated 120 wrists. Carry et al.'” evaluated
270 wrists using ultrasonography in the pediatric population
and detected PMA in 17% and 29.7% of the left and right
wrists, respectively. In a study by Dag et al.,”! 300 wrists
were evaluated with MR examination and it was found that
the incidence of PMA was 10.5% and 14.6% in the left and
right wrists, respectively.

Aragdo et al™ conducted a fetal dissection study
on 32 wrists and found a higher PMA incidence in

Journal of the Anatomical Society of India | Volume 71 | Issue 2 | April-June 2022 111



Gurkan, et al.: The persistent median artery in carpal tunnel

Table 2: Prevalence of persistent median artery and median nerve variations based on age groups, gender, and

location
Group I Group II Group III Gender (male) Gender Location (left hand) Location (right hand)
(n=649), (n=712), (n=143), (n=540), (female) (n=725), n (%) (n=7179), n (%)
n (%) n (%) n (%) n (%) (n=964), n (%)
PMA 181(27.9) 172 (24.2) 26(18.2) 184 (34.1) 195 (20.2) 166 (22.9) 213 (27.3)
Median nerve variations 67 (10.3) 69 (9.7) 14 (9.8) 60 (11.1) 90 (9.3) 64 (8.8) 86 (11)

PMA: Persistent median artery

Table 3: Position of persistent median artery based on
gender and location

PMA position Gender Location
Male, Female, Right, Left,
n (%) n (%) n (%) n (%)

Anterolateral (n=40) 25 (62.5) 15(37.5) 24(60) 16 (40)

Anterior (n=39) 13(33.3) 26(66.7) 26(66.7) 13(33.3)
Anteromedial (n=237) 125 (52.7) 112 (47.3) 128 (54) 109 (46)
Posterior (n=1) 0 1(100)  1(100) 0
Between the median 32 (52.5) 61 (47.5) 34 (55.7) 27 (44.3)
nerve (pierce) (n=61)

PMA: Persistent median artery

females. However, Pierre-Jerome et al.”’ did not find a
statistically significant difference between genders in MRI
examinations of the wrists. In the present study, which
had a considerably larger sample size, palmar PMA was
observed in 195 females (20.2%) and 184 males (34.1%).
The difference was statistically significant (P < 0.001).

In the present study, the position of the PMA in relation to
the median nerve within the carpal tunnel was examined.
The most frequent (62.5%) location of PMA was the
anteromedial position of the median nerve. Furthermore,
10.55% and 10.29% of examined wrists had anterolateral
and anterior positions, respectively. In 16% of the cases,
the PMA passed through the median nerve branches.
Hatadaj et al'® investigated 125 wrists and detected the
PMA in only five patients. In their study, the PMA had
anterolateral (n = 2), anterior (n = 2), and anteromedial
positions (n = 1). The position of the PMA to the median
nerve is particularly important with respect to performing
carpal tunnel surgery and administering peripheral nerve
blocks. In cases with a history of trauma of this region,
the presence of a PMA should be cautiously examined
in respect of the perfusion of the hand. In recent years, a
considerable part of the cardiac, cerebral, and peripheral
angiographic interventions have been performed through
the radial artery. Before the intervention, the ulnar collateral
flow of the arterial blood supply in the hand is evaluated
using the Allen’s test or the modified Allen’s test.'Y The
possible presence of the median artery should be kept in
mind during these interventions.

The PMA might be accompanied by median nerve
variations, mostly bifid and trifid median nerve
variations.!"”! In the present study, median nerve variations

in 151 patients (9.96%) were observed. One-hundred
and fifty of them had bifid while only one patient had
trifid median nerve variations. In 94 patients, the PMA
was accompanied with BMN (6.25%), a finding that was
found to be statistically significant. In 61 of these 94
wrists (64.8%), the PMA passed through the branches of
the median nerve.

As this study had a retrospective design, bilateral variations
could not be determined, which is considered one of the
study limitations. Another limitation was the investigation
of the PMA only at the wrist level. On the other hand,
since this study has the largest sample size so far within
the literature and includes a detailed description of the
PMA with variations of the median nerve neighborhood, it
is believed that it will be an important contribution to the
literature.

Conclusion

The PMA is more common among young people and its
incidence decreases as age increases. The PMA is more
common in males and in the right wrist. It is located
commonly at the anteromedial, anterolateral, and anterior
sides of the median nerve. In patients with PMA, the
incidence of median nerve variations is relatively higher.
To avoid complications during wrist surgery, the presence
and position of the PMA should be evaluated with imaging
methods before performing any interventions, especially in
young patients.
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Analysis of Workstation Posture in Diversified Professionals as a Tool to
Enhance Better Understanding of Health Outcomes to Avoid Occupational

Health Hazards

Abstract

Introduction: Wrong postures change the body mechanics, causing pressure on joint surfaces,
strain to ligaments, and skeletal muscle disadvantage. Simple faulty posture is one of the main
reasons for musculoskeletal pain, especially back pain and neck pain. Based on the understanding
that aberrations in posture can cause pain and injury, training and education for posture correction
through training have been used as treatment approaches. The intent of the present study was to
analyze posture and the severity of postural abnormalities using plumb line and to identify if these
abnormalities are associated with pain among professionals. Material and Methods: The posture
of 120 participants from four occupational groups was analyzed using a plumb line in relation to
anatomical landmark and categorized into four types. Data were recorded as the frequency of the
posture types. To test the equality of means among more than two groups, the Kruskal-Wallis test
was used. Posture frequency was then compared with musculoskeletal symptoms. Results: The major
finding in this study is that a considerable proportion of the study sample displayed some degree of
postural anomaly. Kyphosis was found to be highest among IT professionals (76.7%) compared to
the other professional groups. Kypholordotic posture was more among the nurses. The frequency
of pain increased in participants with more severe postural issues. It is hypothesized that the means
of different groups compared are the same against the alternative that at least one group’s mean
is different from others. The difference observed difference was statistically significant (P < 0.001).
Discussion and Conclusion: Postural abnormalities are a significant risk factor for musculoskeletal
disorders. The ergonomics of the working environment have a direct impact on the well-being of
professionals. Hence, the organizations employing them, and the professionals themselves need to be
sensitized regarding the importance of correct working posture.

Keywords: Kypholordosis, kyphosis, musculoskeletal symptoms, plumb line, posture

Introduction function efficiently. The line of gravity
passes through a point on a level with and

The word posture comes from the Latin immediately in front of the second sacral

verb “ponere,” which means “to put or

place.”™ Posture refers to the position of
the human body and its orientation in space.
Posture is defined as a state of skeletal
and muscular balance and alignment that
protects the supporting structures of the
body from progressive deformity and
injury.”) In an ideal posture, the weight of
the body is evenly distributed through the
body so all joints are in their neutral zone
and there will be minimal wear and tear
on the structures. This will help maintain
the natural balance and correct the length
of the muscles. There is no restriction on
the movement patterns and all vital organs
are properly placed, and therefore can

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

Wrong postures change the body mechanics,
causing pressure on joint surfaces, strain to
ligaments, and skeletal muscle disadvantage.
Soft tissue shortening associated with
this may cause back pain. Another added
problem is chronic pain, and that can
worsen mood and decrease motivation.
Stiffness and pain in the spine and ribs may
hinder ventilation, and poor posture with
low body weight may result in poor body
image and diminished self-confidence. We
wonder why it is so important to maintain
correct posture. The answer is simple faulty
posture is one of the main reasons for
musculoskeletal pain, especially back pain
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and neck pain. Based on the understanding that aberrations
in posture can cause pain and injury, training and education
for posture correction through training have been used as
treatment approaches.[*'"]

While there are many studies that have documented
a high incidence of postural anomalies in a given
population, the methods of measurement were not defined
accurately.-14

The resting position and the lumbar spine are having a
strong correlation. Kendall er al.[9 explained the optimal
posture using the plumb line assessment.

The spine has three natural curvatures, which can
become exaggerated in one direction or the other.[*1¢
Four posture types are commonly seen in Figure 1; A is
the optimal or neutral posture and exaggerated postures
are B, C, and D.

Optimal posture

This posture has a vertical line passing through the midline
of the knee, lumbar vertebrae, shoulder joint, cervical
vertebrae, and earlobe.

Kypholordotic posture

An increased thoracic and lordotic curvature can be
observed in this posture. The head is held slightly forward,
often becoming the most anterior segment of the body. The
pelvis tends to tilt anteriorly with an increase in lumbar
lordosis (inward curve).

Swayback posture

In this posture, the pelvis becomes the most anterior
segment of the body, and there is an increase in the
inward curve. The knee joints tend to get hyperextended.
Abdominal obesity worsens this posture.

-

,>

I5,kypholor¢lotic swayback 0 flat back

>

aopﬂmal

Figure 1: Comparison of common posture types .a)Optimal, b)Kypholordotic
c)Swayback d) Flat back

Flat-back posture

A posterior tilt is observed in the pelvis with very little
normal inward curvature of the lumbar spine. The knee
joints are hyperextended. Sometimes the head is tilted
slightly forward. The thoracic spine may be flexed forward
a bit.

This study was designed to assess the severity of postural
abnormalities among professionals and to determine
whether these abnormalities are associated with pain.

Aim and objective

The aim of the present study was to analyze posture and
the severity of postural abnormalities using a plumb line
and to identify if these abnormalities are associated with
pain among professionals.

Material and Methods

The study was designed to assess the posture using
plumb line. The screenings were conducted in four
occupational groups: the banking sector (Group 1),
computer professionals (Group 2), dentists (Group 3),
and nurses (Group 4). Thirty people from each group
participated in the study.

The proposal was submitted to the institutional ethics
committee and due clearance was obtained from the same.

Inclusion criteria:

Inclusion criteria was not based on presence or absence
of pain. The participants were asked about the presence
or absence of pain and noted it. They were also assessed
using Nordic Questionnaire too.

* Bank employees, IT professionals, nurses, and dentists
with a minimum of 3 years of work experience and a
maximum of 25 years

» Age ranging from 25 to 55 years

* Both sexes.

Exclusion criteria:

» Individuals with any acute ailments or systemic diseases
* Pregnant women
* Those who were not willing.

Informed written consent was obtained from each of the
participants.

Armamentarium:

*  Weighing scale

* Freemans measuring tape
» Tailor’s tape

e Plumb line.

The participants who fulfill the inclusion criteria were
included based on their willingness and not based on the
presence or absence of musculoskeletal pain they were
having. Anthropometric measurements were recorded.
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Participants were positioned with their lateral malleolus
6 cm behind the plumb line. Participants were asked to take
10 steps leading with their right leg and then to stop and
remain in the resulting postural position was noted then.

The plumb line position was noted in relation to anatomical
landmark and posture was determined. The participant was
viewed from 3 aspects:

1. Anterior—posterior (A—P): The plumb line runs through
the center of the forehead, middle of the sternum, navel,
and midpoint between feet

2. Posterior—anterior (P—A): The plumb line runs through
the occipital protuberance, spinous processes C7, T12,
L5, coccyx, and between the feet

3. Lateral: The plumb line runs through the acromion,
midpoint of the iliac crest, greater trochanter, and in
front of the ankle.

Data were entered into Microsoft Excel spreadsheets after
thorough screening and analysis were carried out using IBM
SPSS Software Version 16: IBM, Technology company
American multinational technology corporation headquartered
in (Armonk, NewYork, USA). Descriptive statistics such as
mean with standard deviation and proportions were reported.
Posture was categorized into the four types and data were
recorded as the frequency of the posture types. To test the
equality of means among more than two groups, Kruskal—
Wallis test was being used. Posture frequency was then
compared with musculoskeletal symptoms.

Results

Data collected from the 120 participants in the study
group (53 males and 67 females) were analyzed. There were
30 participants in each group. The general characteristics of
the study participants are given in Table 1.

Posture was categorized as one of the four standard types
and frequency was recorded for both males and females
among the four professional groups. Table 2 represents
the posture frequency of the four professional groups.
Combinations of posture types were also seen. The nurses
who were having swayback posture with anterior pelvic
shift were having thoracic kyphosis which is extended to
the upper part of the lumbar spine. The three dentists, four
nurses, and one IT employee who were having kyphotic
postures were exhibiting kypholordosis also.

To test the equality of means among more than two groups,
Kruskal-Wallis test was used. It is hypothesized that the
means of different groups compared are the same against

the alternative that at least one group’s mean is different
from others.

The observed difference was found to be statistically
significant (P < 0.001). In Figure 2 Incidence of postural
abnormalities in the Plumb line analysis of the four
professional groups can be viewed.

Participants having optimal posture and deviated posture
are given in Table 3. All the participants who were having
Kyphotic or Kypholordotic posture experienced pain in their
back or neck. The pain among the participants was directly
proportional with the age of the. One participant who was
having optimal posture experienced pain in the neck.

Discussion

The major finding in this study is that a substantial
proportion of the study population exhibited some degree
of postural abnormality. Kyphosis was found to be highest
among IT Professionals (76.7%) compared to other
professional groups. Kypholordotic posture was more
among the nurses.

The incidence of pain increased in the participants with
severe postural abnormalities in the present study which is
contrary to the study which reported no relationship was
found between the severity of postural abnormality and
the severity and frequency of pain.'>'! The severity of
postural anomalies would be greater in an older population
as compared to a younger population.'8 Habits of “falling
into gravity” are proposed to aggravate with advancing age.

90 -
80 -
M Dentist
70
60 M Nurse
S0 T/ TES
40
| ff
30 Bank Sta
20
10
0 . B T . .
Kyphosis Kypho Flatback Sway Scoliosis Others
lordotic back

Figure 2: Incidence of postural abnormalities in plumb line analysis

Table 1: Physical characteristics of participants (mean+standard deviation)

2?? Bank employees (Group 1) IT professionals (Group 2) Dentists (Group 3) Nurses (Group 4)
Male (18) Female (12) Male (16) Female (14) Male (16) Female (14) Male(3) Female (27)
Age 44+7.78 40+7.6 36+5.207 34+4.92 35+4.68 33+6.7 28+2.07 31+£3.43
Height 164+3.38 151+£5.2 172+8.201 15945.13 168+6.76 160+4.6 164+6.09 154+4.73
Weight 84+4.44 60+6.76 79+7.67 5847.69 75+5.37 65+8.17 72+3.19 58+6.24
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Table 2: Association between the plumb line scores and the occupation groups

Characteristics Dentist, n (%) Nurses, n (%) IT employee, n (%) Bank employee, n (%) Ve P
Kyphosis 4(13.33) 6 (20) 23 (76.7) 5(50) 31.2 0.0001
Kypholordotic 13 (43.3) 19 (63.3) 5(16.7) 3 (30) 14.02 0.003
Flat back 1(3.3) 5(16.7) 0 0 8.89 0.031
Swayback 0 2 (6.7) 1(3.3) 0 2.61 0.456
Scoliosis 1(3.3) 0 0 0 0 1

Table 3 : Participants having optimal posture and
deviated posture

Profession Deviated posture Optimal posture
Dentist 16 14
Nurses 26 4
IT employee 28 2
Bank employee 8 22

Swayback posture was found to be the predominant among
the participants and the flat-back posture had the least
occurrence in previous studies whereas the present study
findings show that kypholordotic and kyphotic posture is
more common in the study participants.® This may be
due to the difference in the age group in both studies, In
the present study, the mean age of the study participants
was 35 years and that of the previous one was adolescent
participants. The participants in the present study were
professionals and deviation from the standard working
posture and extended working hours were also a reason for
the musculoskeletal symptoms. Females were having less
postural deviation compared to males, but the incidence
of pain was more among females. Physiological factors
contribute to the higher prevalence of musculoskeletal
disorders (MSDs) in women. One of them is the presence of
more type one fibers in the trapezius muscle in women than
in men, and others include sexual dimorphism of the spine
and the high incidence of dysmenorrhea, which sometimes
is confounded with mechanical low back pain. Multitasking
also accredited to the higher MSDs among women.['”!

The most common risk factor for work-related
musculoskeletal disorders (WMSDs) is bad posture which
is a deviation from the ideal posture. Awkward, restrictive,
uneven, repetitive, and prolonged postures; overstressing
movements, and force can overload the tissues and
exceed their threshold of tolerable stress, causing injury
due to overexertion or imbalance.?” A person working
in an or awkward posture will have to use more force to
accomplish the same amount of work compared to using
a neutral posture, which in turn affects muscle loading and
compressive forces on the intervertebral disc.!*!!

In poor, or faulty posture there is a flawed relationship
among various skeletal structures of the body, and
this may produce strain on the body’s supporting
framework.?!! With faulty posture, the body is balanced
less efficiently over its base of support. The plumb line

analysis revealed that kyphosis was found to be highest
among IT professionals (76.7%), compared to the other
occupation groups. The observed difference was found to
be statistically significant (P < 0.001).

An in-depth assessment of posture among IT employees
was made due to their prolonged duration of work (mean
working hours 8.6 h per day). An increased prevalence of
abnormal positioning of the employees was observed which
could potentially increase the risk of WMSD. The most
common risk factor is sloppy posture which is a deviance
from the ideal working posture of arms at the side of the
torso, elbows bent, with the wrists straight and it typically
includes reaching behind, twisting, working overhead,
kneeling, forward or backward bending, and squatting.
Awkward, restrictive, uneven, repetitive, and prolonged
postures; overstressing movements and force can overload
the tissues and exceed their threshold of tolerable stress,
causing injury due to overexertion, or imbalance.?%??!

Conclusion

Postural abnormalities are a significant risk factor for
MSD. Although all individuals are vulnerable in this
regard, certain specific occupation groups are at increased
risk of developing these postural problems, owing to the
nature of their job and working environment. Our study
was carried out to compare the prevalence of postural
problems and MSD among select four occupations, namely
dentists, nurses, IT professionals, and bank employees.
In conformity with the research objectives, the following
conclusions are derived: nearly three-fourths of the
professionals we studied had mentioned having some health
problems. The ergonomics of the working environment
of the professionals have a direct impact on their level of
well-being. Hence, the organizations employing them, as
well as the professionals themselves need to be sensitized
regarding the importance of correct working posture.
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Morphometric Evaluation of Sacrum Volume in Healthy Women

Abstract

Introduction: The aim of this study was to calculate volume of the sacrum, sacral canal, caudal
part of the epidural space, and dural sac volumes using stereological methods on magnetic
resonance images (MRIs). Material and Methods: We used MRI series of 50 healthy women (the
mean age; 44.0) in the study, retrospectively. Point counting and planimetry methods were used to
calculate the volumetric parameters on MRIs. Volume calculation was performed by placing the
dotted field ruler on MRI sections for point counting method, whereas ImageJ software was used
for planimetry method. Results: Sacrum volume was measured as 135.38 + 24.12 cm® using point
counting method, whereas it was 136.87 + 24.76 cm’ in planimetry method. The mean volume of
sacral canal was determined as 10.11 + 2.64 cm® and 10.30 + 2.73 cm® using point counting and
planimetry methods, respectively. The mean volume of the caudal portion of the epidural space was
6.54 + 2.04 cm’® in point counting method, whereas it was 6.53 + 1.89 cm’ in planimetry method.
Discussion and Conclusion: Knowing the volume of sacrum would contribute to minimization
of complications during surgical approaches and anesthesia procedures in that region. Our results
showed that sacrum volume can be calculated accurately using stereological methods such as point

counting and planimetry.

Keywords: Anatomy, caudal epidural block, sacrum, stereology

Introduction

In degenerative diseases, lumbosacral
instabilities and during surgical approaches
targeting sacral region, preservation of
anatomical structures are crucial. Therefore,
a good knowledge of anatomic organization
and morphometric values of the sacrum
would be useful to prevent unexpected
complications during surgical procedures in
this region.!!

Dural and arachnoid sheaths of spinal cord
terminate at the level of S2 vertebra. Adipose
tissue, venous plexus, filum terminale, and
coccygeal nerve are located in caudal part
of the epidural space under dural sheath of
S2 vertebra. Caudal part of epidural space
is commonly used for caudal epidural
block (CEB) and epidural analgesia.”!
CEB is performed by administering local
anesthetic into caudal part of epidural space.
CEB is frequently used for treating lumbar
spinal disorders and prevention of chronic
low back pain, as well.["

Epidural analgesia or commonly known
as “painless delivery,” is a special form
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of local anesthesia used to eliminate pain
during labor or cesarean section. The
difference of epidural analgesia from
general anesthesia is that the expectant
mother is awake during the procedure
and completely perceives what is going
on around her. It is a very safe method in
terms of undesirable effects compared to
general anesthesia.l#

If volume of caudal portion of the sacrum
and epidural space is not known, it does
not only increase the risk of perforation
of the dural sac but also increases the
probability of cardiac arrest due to
overdosing of anesthetic or analgesic
drug during CEB and epidural analgesia
applications.>”  Therefore, to prevent
unexpected complications, volume of
caudal part of the sacrum and epidural
space should be carefully evaluated before
surgical approaches.[®

The recent studies about epidural analgesia
and CEB approaches demonstrated
the importance of knowing anatomical
organization of sacral region. Therefore, the
main aim of this study was to morphometric
evaluation of the sacrum, sacral canal,
caudal part of the epidural space, and

How to cite this article: Ozcan E, Karaca O,
Tagkin Mi, Cetin R, Bliyiikmert A, Vatansever A, et al.
Morphometric evaluation of sacrum volume in healthy
women. J Anat Soc India 2022;71:119-22.

Emrah Ozcan,
Omiir Karaca,
Mine islimye
Taskin',

Ramazan Cetin,
Aycan Buyukmert,
Alper Vatansever,
iiter Kus

Departments of Anatomy and
!Obstetrics and Gynecology,
Faculty of Medicine, Balikesir
University, Balikesir, Turkey

Article Info

Received: 22 February 2021
Revised: 10 July 2021
Accepted: 31 October 2021
Available online: 30 June 2022

Address for correspondence:
Dr. Emrah Ozcan,

Department of Anatomy,
Faculty of Medicine, Balikesir
University, Balikesir, Turkey.
E-mail: emrahozcan@balikesir.
edu.tr

Access this article online

Website: www.jasi.org.in

DOI:
10.4103/jasi.jasi_33_21

Quick Response Code:

© 2022 Journal of the Anatomical Society of India | Published by Wolters Kluwer - Medknow

119



Ozcan, et al.: Evaluation of sacrum volume in women

dural sac volume using stereological methods on magnetic
resonance image (MRI) series of healthy women.

Material and Methods
Ethical approval

Our study was begun after received ethical approval by
Balikesir University’s Nonlnterventional Clinical Research
Ethics Committee (2018/108).

Participants

Fifty healthy women’s (the mean age; 44.0, range; 16-71)
MRI series were evaluated, retrospectively. MRI series
of participants admitted to Obstetrics and Gynecology
Department of Balikesir University Hospital for an another
reasons than sacral region disorders between 2015 and 2018
and underwent lower abdominal MRI were retrospectively
obtained from picture archiving and communication system.
MRI series was evaluated by an obstetrics and gynecology
and anatomy specialists.

Women that did not have any pathology or disorder in
the sacrum and sacral region were included in the study.
Women who had a sacral tumor history, sacrum anomaly,
spina bifida, spinal surgery, osteoporosis, or related
disorders were excluded.

Magnetic resonance image protocol

Pelvic MRI series was obtained from a 1.5 Tesla MRI
unit (Philips, Ingenia, 2013). T1-weighted repetition time
for volume measurements: 4500 ms, echo time: 80 ms,
field of view: 170 x 170, matrix size: 172 x 119, voxel
size: 1 x 1 x 1, flip angle: 90, and the images in the sagittal
plane with a section thickness of 3 mm were used.

Morphometric measurements

The volume of sacrum, sacral canal, caudal epidural
space and dural sac and termination of the dural sac were
calculated using stereological methods such as Cavalieri
and planimetry methods on MRI series.

Point counting method (Cavalieri method)

The point counting method used in our study is based
on Cavalieri principle. Transverse-sectional images with
3 mm thickness were used to calculate the volume of the
region of interest (ROI). First, MRIs in digital imaging and
communications in medicine (DICOM) format imported
to the RadiAnt DICOM viewer, and then sagittal sections
were opened. Principally, preliminary study was needed
to be performed with different point area measurement
scales to calculate the coefficient of error for selecting
an accurate scale. As a result of our preliminary study,
0.3 cm point area measurement scale was used, with the
lowest error coefficient (0.05 and less). The dotted arca
measurement chart was randomly plotted onto the MRI and
this procedure was repeated for each section [Figure 1].
The number of points on the ROI was noted. In the

#
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Figure 1: Disposal of the dotted area measurement ruler on the magnetic
resonance image

MRIs of participants, sacrum’s volume was calculated on
59 sections, sacral canal’s volume in 13 sections, volume
of caudal part of epidural space in 11 sections, and dural
sac volume in 10 sections. The mean number of points
was 578 for the sacrum, 99 for the sacral canal, 81 for the
caudal part of the epidural space, and 64 for the dural sac.
Once point counting process was completed, the volume
was calculated according to the previously stated formula.®

Planimetry method

For volumetric calculations using the planimetry method,
Image J (Image Processing and Analysis in Java, Version
1.53), National Institutes of Health, Maryland, USA. which
was developed by the American National Institute of
Health and obtained free of charge® was used. Images
were displayed using a standard image and display levels
on a monitor with constant contrast settings. In the ImageJ
software, boundaries of the ROI were manually drawn on
each MRI section [Figure 2]. The software automatically
calculated the number of pixels covered within the ROI
boundaries, and this process was repeated for each section.
The ROI volume was calculated based on the pixel size
and section thickness using the following formula:

Volume = Sum of areas (cm?) X Section thickness (cm)
Statistical analysis

Statistical analysis was completed using the SPSS
(Statistical Package for the Social Sciences, Version
22), IBM Incorporated, New York, USA. The suitability
of the variables to normal distribution was evaluated
by applying Shapiro-Wilk test. Descriptive tests were
performed to determine the volume of sacrum, sacral
canal, caudal portion of epidural space, and dural sac.
To determine statistically significant differences between
Cavalieri and planimetry methods, intraclass correlation
analysis was performed. Summary of data were stated as
mean + standard deviation. ‘“Pearson correlation” test was
used to evaluate the relationship between volumetric data
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and normal distribution age. The cases where the P < 0.05
were evaluated as statistically significant.

Results

Volume of sacrum was 13538 + 24.12 cm® in Cavalieri
method, whereas it was 13687 + 2476 cm’ in
planimetry method. The mean volume of sacral canal was
10.11 + 2.64 cm® and 10.30 + 2.73 c¢cm?® in Cavalieri and
planimetry methods, respectively. The mean volume of caudal
portion of epidural space was 6.54 + 2.04 c¢cm® by Cavalieri
method and 6.53 + 1.89 cm® by planimetry method. Volume of
the dural sac was measured as 3.57 £+ 1.85 cm® with Cavalieri
method and 3.78 + 1.96 cm’® with planimetry method.
Intraclass correlation analysis showed no difference between
the two methods [Table 1]. The closure site of the dural sac
was found to be S2 vertebrae level in 82.0% (n = 41), Sl
vertebrae level in 16.0% (n = 8), and S3 vertebrae level in
2.0% (n = 1) of participants. As a result of Pearson correlation
analysis, there was a negative weak correlation between sacral
canal volume and caudal part of epidural space with age, but
no statistically significant correlation was found between other
parameters and age [Table 2].

Discussion

Epidural analgesia and CEB have recently been performed
by physicians in female patients. Thus, it is crucial to know

Figure 2: Volume calculation using the planimetry method. (a) sacrum
volume, (b) sacral canal volume, (c) caudal portion of epidural space
volume, and (d) dural sac volume

the sacrum morphometry to prevent unexpected injuries
during epidural analgesia and CEB. Therefore, in this
study, we aimed to determine termination of the dural sac
by calculating volumetric values of sacrum, sacral canal,
caudal portion of the epidural space, and sacral sac using
the Cavalieri and planimetry methods on MRIs of healthy
women.

The advantage of Cavalieri method is that it is easy to apply
and economical and this method does not require extra
accessories. This method can be applied on the MRI printed
sections, and it is also a suitable method for prospective
and retrospective studies. The advantages of the planimetry
method are that it gives more accurate results and Imagel
software is free of charge and easy to use. Although this
method requires a high degree of hand-eye coordination
and skill in defining boundaries of the structure of interest,
higher sensitivity, and higher standard deviation are among
the advantages.[®1?

In the literature review, it is observed that morphometric
studies of sacrum are generally performed on dry bones
and radiographs directly, but there was not any study
about the sacrum morphometry using MRIs of healthy
individuals.*'"'21 These studies were completed using
dry bones; thus, gender discrimination and individual’s
medical history were not known. Therefore, the results of
recent studies remain insufficient to determine the sacrum
morphometry.

The studies indicated that decreased volume of caudal part
of the epidural space with age.[%*] Similarly, in our study, a
negative correlation was found between age and volume of
caudal portion of the sacral canal and epidural space. Our
findings showed that volume of the sacral canal and caudal
portion of the epidural space located in the canal decreased
with age.

The mean volume of sacral canal was 10.11 + 2.64 cm?® with
Cavalieri method and 10.30 + 2.73 cm?® with planimetry
method in healthy women. On the other hand, Crighton
et all" performed a study on MRIs of 22 female and
13 male patients who suffering from low back pain. They
found that the mean volume of sacral canal in women was
13.2 £ 2.68 cm® that was different from our results. This
difference may be caused due to their study was completed
with patients with low back pain.!'"

In a study conducted by Asghar and Naaz¥ on 77 dry
sacrum (42 females and 30 males), volume of the sacral
canal was measured as 34.86 £ 6.86 ¢cm® in women, and

Table 1: Intraclass correlation coefficient

Intraclass correlation

95% CI (lower bound—upper bound)

F test with true value 0

Value df1l df2 Significance
Single measures 0.993 0.987-0.996 273.287 49 49 0.000
Average measures 0.996 0.994-0.998 273.287 49 49 0.000

CI: Confidence interval
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Table 2: Pearson correlation analysis

Volume (cm?) Age

Cavalieri Planimetri

method method

P r P r
Sacrum 0.219 -0.177 0.169 -0.197
Caudal portion of epidural space  0.079 —0.251 0.023 -0.321
Dural sac 0.342 -0.137 0.272 -0.158
Sacral canal 0.041 -0.289 0.017 —0.335

caudal volume of the epidural space was measured as
12.46 + 3.52 cm’. They found that volumes of the caudal
portion of the sacral canal and epidural space were very
high compared with the results of our study. The fact that
the study was carried out on dry bone, and the disease
resumes belonging to the owners of the measured bones
explain the difference between the results obtained and our
findings.

Senoglu et al!? completed a study using MRIs of 641
women to determine the termination level of the dural sac.
According to their results, this level was found at the S2
vertebra in 72.0% of women (n = 460). Furthermore, the
termination level of dural sac was found at S3 vertebra in
only one participant in our study.

Many previous studies mainly used dry bones and
radiographic images for morphometric evaluation of
sacrum and its contents in patients suffering from any
clinical history. Meanwhile, our study especially focused
on anatomical properties of these structures in healthy
individuals. Our results may be useful as a preoperative
guide for physicians. Therefore, postoperative quality
of life of patients suffering from any pathology may be
increased.

Conclusion

Knowing the sacrum morphometry well is very important
for surgical approaches and anesthesia procedures to this
region. Each patient should be evaluated individually to
select a proper surgical method with regard to anatomical
properties. Knowing volume of the sacrum may reduce
risks of unexpected complications by preserving the
anatomical structures (especially dural sac) in this region.

Limitations of the study

Due to the retrospective nature of our study, the limitations
were the fact that the cross-sectional thickness of the MRIs
was 3 mm and the number of participants was low.
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Demonstration of the Epigastric Vessels Surface Anatomy with Equation
Model: An Anatomical Feasibility Study

Abstract

Introduction: The objective of this study is to design a patient-specific model to predict the
location of epigastric vessels on the abdominal surface and to show clinicians safe areas before
surgical intervention. Material and Methods: A total of 200 patients who underwent color Doppler
ultrasound evaluation of the deep epigastric vessel before gynecological laparoscopic surgery were
recruited in the study. The deep epigastric vessels were identified at three equal levels between
the xiphoid and umbilicus, and five equal levels between the umbilicus and the symphysis pubis.
The distance between the epigastric vessels and the midline was measured bilaterally at each level.
Linear mixed effect modeling was used to assess the anatomical location of the epigastric vessels.
Results: The model with waist circumference term was found to be the model with best performance
metric. This model included waist circumferences as a covariate, the region of the epigastric vessel
as a categorical variable, and random effects for patients. The model that calculates the expected
distance from the midline of the epigastric vessels for different regions and waist circumferences
are presented as “Distance to midline (cm) = 2.57 + Region A + Region B x Waist Circumference.”
Discussion and Conclusion: With the equation model, we proposed, the location of the epigastric
vessels can be determined specifically for the patient and the abdominopelvic regions. This model

can be a guide to prevent vascular injury.

Keywords: Epigastric vessels, laparoscopy, obesity, ultrasound

Introduction

Epigastric arteries are at risk of injury
during abdominal procedures close to
the artery, such as laparoscopic trocar
placement, intra-abdominal drain placement,
and paracentesis due to their anatomical
position.! Abdominal wall vascular injuries
during surgical procedures have been
reported in 0.2%2% of cases.’) These
vessels include the superficial epigastric
vessels, the superficial circumflex iliac
vessels, the superior epigastric vessels, and
the inferior epigastric vessels.

Unlike the superficial vessels, the superior
and inferior epigastric vessels are larger and
their injury can cause significant morbidity
and mortality.®? The inferior epigastric
artery (IEA) arises from the external iliac
artery just above the inguinal ligament.™ It
rises along the medial edge of the inguinal
ring, pierces the transversalis fascia, and
lies anterior to the arcuate line between
the rectus abdominis and the posterior
rectus sheath. Above the umbilicus, it
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anastomoses with the superior epigastric
artery. The superior epigastric artery is
the terminal continuation of the internal
thoracic artery. It begins at the level of the
sixth rib and runs down between the costal
and xiphoid muscle slips of the diaphragm.
The artery then reaches the anterior
surface of the abdomen and runs over
the transversus thoracis and transversus
abdominis muscles.* It enters the rectus
sheath and descends toward the umbilicus.

Although the transillumination method in
laparoscopic surgery largely defines the
superficial vessels, transperitoneal imaging
of the deep epigastric vessels is difficult,
especially in obese patients.’! Various
studies have been conducted in the literature
to map the location of the deep epigastric
vessel.B®1 These studies evaluated the
distance from the midline of the epigastric
arteries in different several abdominal
segments and suggested a more lateral
location of the deep epigastric vessels
in obese patients. Although the previous
studies show lateralization of epigastric
vessels in obese patients, patient-specific
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localization is far from estimating. The most important
reason for this situation was the anatomical variations and
the inability to show the body mass index (BMI) and waist
circumference changes between patients.

The aim of this study is to create a patient-specific model to
predict the location of epigastric vessels on the abdominal
surface and to show clinicians safe areas before surgical
intervention.

Material and Methods

This study was conducted with patients scheduled for
laparoscopic surgery for benign gynecological indications
at Health Sciences University Tepecik Education and
Research Hospital between July 2021 and October 2021.
Following the approval of the study protocol by the local
ethics committee of Health Sciences University Tepecik
Education and Research Hospital, the patients were
included in the study.

Since the superficial epigastric vessels were interrupted
during the pfannenstiel incision and both the superficial
and lower epigastric vessels were interrupted during the
Maylard incision, patients who had undergone previous
transverse lower abdominal incisions, including cesarean
section, were excluded from the study. In addition, patients
with large skeletal deformities that may displace the
epigastric vessels, large abdominal tumors, tense ascites,
incisional hernia, or any condition such as diastasis recti
were not included in the study.

The location of the deep epigastric vessels was mapped
across the abdomen at three equal levels between the
xiphoid and umbilicus, and five equal levels between the
umbilicus and the symphysis pubis, for a total of eight
levels with Doppler ultrasound. The reliability of Doppler
ultrasonography to measure the distance of epigastric
vessels has been demonstrated in previous studies.””’ The
distance between the epigastric vessels and the midline
was measured bilaterally at each level. A total of 16
measurements were made from the right and left abdominal
region from the xiphoid line to the symphysis line for each
patient. L1-R1; xiphoid line measuring point , L4-R4;
the umbilical line represents the measurement point,
and the L8-R8 the symphysis pubis line measurement
points. To control for interoperator variability, localization
of the vessels was performed by a single-experienced
ultrasonographer (M. A) using the Voluson 750 Pro
ultrasound machine [Figure 1]. After determining the short
and long axes of the vessels with Doppler, their projections
to the abdominal skin were marked. At each level, the most
lateral branch of the IEA and vein or superior epigastric
artery and vein was marked. The data set consisted of the
epigastric vessel (200 x 16 = 3200) localization obtained
by Doppler ultrasound of a total of 200 patients.

Afterward, patients’ waist circumference, weight, and height
were measured. Waist circumference was measured at the

Vertical view of the external iliac artery (inferior
arrow) and deep inferior epigastric vessels (superior
arrow) at the plane of the symphysis pubis

Inferior epigastric vessels (arrow) at the level of
the umbilicus and the perforating artery branch
that perforates the rectus muscle in its upper
neighborhood.

Sagittal view of the epigastric artery advancing
laterally just above the umbilicus

Figure 1: Demonstration of epigastric vessels by Doppler ultrasound in
different abdominal planes

horizontal plane between the inferior costal margin and the
iliac crest on the midaxillary line. Height and weight were
measured in the standing position while the participants
were barefoot and in light clothing. Demographic data,
including age, gravidity, and parity, were collected from the
patients and their electronic medical records.

Statistics

The primary outcome of the study is the distance of the
epigastric vessels to the midline of the abdomen which
passes through the umbilicus. For predicting the distance,
linear mixed model analysis and maximum likelihood
estimation were used. The independent variables were
gravida, parity, age, weight, height, BMI, and waist
circumference. In the model, random effect for patients
was included, based on their identification. Linearity,
normality of the residuals, homogeneity of residual
variance (homoscedasticity), and no autocorrelation
assumptions were verified. The intercepts for different
patients were assumed to be normally distributed.
A concern for the statistical analysis is potential
multicollinearity between the predictor variables. In this
respect, gravida, parity, age, weight, height, BMI, and
waist circumference were found to be highly correlated,
with most pairwise Pearson correlation coefficients > 0.75.
Therefore, these predictors are not included in the
multivariate model together. The literature does not indicate
direct effects of gravida parity and age on the anatomical
location of the epigastric vessels. Hence, only the effects
of weight, height, BMI, and waist circumference were
analyzed. Since weight, BMI, and waist circumference
have Pearson correlation coefficients of around 0.90 with
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each other, we estimate three separate candidate models
each including only one of the three as fixed effects. For
each of these three models, we estimate hierarchical and
nonhierarchical versions, resulting in a total of six models.
The six candidate models and their performance metric
are presented in Table 1. For all three models, hierarchical
and nonhierarchical versions had same log-likelihood and
same number of parameters, therefore, the same Bayesian
information criterion (BIC) value. The two models with
waist circumference as the fixed effect have the lowest BIC
value. The Wald test of waist circumference as the main
effect is not statistically significant. The model that includes
only waist circumference as the interaction term has the
same likelihood and BIC as the model that includes waist
circumference both as the main effect and in the interaction
term. Therefore, the former nonhierarchical model was
chosen as the best predictor model. To present the results
of the linear mixed model, the marginal and conditional R’
values are used.!'” Ninety-five percent confidence intervals
for the distance of epigastric vessels in different regions
were calculated by taking the uncertainty due to random
effect variance in addition to uncertainty of variance due to
fixed effects into account [Figure 1]. A two-tailed P < 0.05
was considered statistically significant. Statistical analyses
were performed using R is available as Free Software
under the terms of the Free Software Foundation’s GNU
General Public License.

Results

Linear mixed effect modeling was used to assess the
anatomical location of the epigastric vessels. The distance
of the artery to the midline is defined as the response
variable. Compared to models including weight and
height or BMI, the model with waist circumference
term was found to be the model with best performance
metric [Table 1]. This model included waist circumferences
as a covariate, the region of the epigastric vessel as a
categorical variable, and random effects for patients. The
model used was nonhierarchical and did not include waist
circumference as main effect but only in the interaction
term. The marginal R? value of the linear mixed model was
69.3% and the conditional R? value was 87.6%. Therefore,
69.3% of the variability in the distance to the midline
(dependent variable) is explained by the region of the

vessel and waist circumference, and the 18.3% variability
(87.6% - 69.3%) is explained by the random effects of the
patients. The standard deviation of the random effects due
to the patients was 0.6532. The remaining 12.4% variability
is due to model error. The model to calculate the expected
distance of epigastric vessels to the midline for different
regions and waist circumferences is presented in Table 1.
The 95% confidence interval for the location of IEA of a
woman with a waist circumference of 85.3 is presented in
Figure 2.

Discussion

To the best of our knowledge, this study is the first
equation model to make a patient-specific topographic
marking of deep epigastric vessels. Our findings showed
that lateralization of vessels from the midline increased
in correlation with the increase in the values of weight,
BMI, and waist circumference variables. A patient-specific
equation was created to predict the localization of epigastric
vessels by analyzing the inter-patient variations. In this
equation, the best metric performance was achieved with
waist circumference. A safe entry point could be determined
to prevent epigastric vessel damage by placing the patient’s
waist circumference measurement and the Region A and
Region B values of the abdominal region where the surgical
intervention will be performed into this equation.

R1

Re

R7

RS

50 25 25 50
Distance from midine (cm) Distance from midiine (cm)

Figure 2: The estimated anatomical trace of the inferior epigastric artery in
a woman with waist circumference of 85.3 with 95% confidence interval for
different height levels (1-8) and sides (the left or right) using the formula
in Table 2

Table 1: Comparison of the models including waist circumference, body mass index, and weight plus height

Model type Main effects Interaction terms BIC
Hierarchical Region + weight + height Weight x region + height x region 2448.7
models Region + BMI BMI x region 2406.5
Region + WC WC x region 2371.5
Nonhierarchical Region Weight x region + height x region 2448.7
models Region BMI x region 2406.5
Region WC x region 2371.5

Hierarchical models include main effect terms for weight, height, BMI, and WC in addition to the variables in nonhierarchical models, The
model with the lowest BIC value is the best model. BMI: Body mass index, WC: Waist circumference, BIC: Bayesian information criterion
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Table 2: The formula for calculating the distance of the epigastric artery from the midline in different regions
(height level: 1-8, sides: L for left and R for right)

The mean value of the distance of the inferior epigastric artery to midline can be calculated by the formula below

Distance to the midline (cm)=2.57+ Region_A + Region B x WC

Find below the relevant region for which you want to calculate the distance of the epigastric artery to the midline. Put the corresponding
values in the Region_A and Region B terms in the formula. The WC measurement to be multiplied by the Region B expression in the

formula is in cm

Equation L1 L2 L3
coefficients

of the left

abdominal

region

L4 LS L6 L7 L8

Region A 0 —1.485 —2.155
Region B 0.008 0.038 0.056

-1.339 -1.517 —1.401 —0.169 —0.484
0.058 0.051 0.045 0.045 0.058

Equation R1 R2 R3
coefficients

of the right

abdominal

region

R4 RS Ré6 R7 RS

Region A —0.080 —2.115
Region B 0.009 0.045

—2.688
0.059

—-1.356
0.052

—1.338
0.048

—1.449
0.045

—0.034
0.039

—0.400
0.049

WC: Waist circumference, R: Right, L: Left

The topographic definitions of deep epigastric vessels have
been studied in many previous studies. However, the results
of these studies could not provide a consensus to explain
how far the vessels are from the midline. For example,
Saber et al. found that the mean distance of the epigastric
vessels from the midline at the level of the symphysis
pubis was 7.5 cm.["!! Rao et al. reported that the farthest
distance from the midline of the epigastric vessels at this
level was 6.9 cm.'”l Rao et al. reported that the average
distance from the midline of the epigastric vessels at the
umbilicus was 3.5 c¢m,["? whereas Epstein et al. reported
an average of 4.8 cm.['¥) Some authors, who suggested that
the reason for this anatomical inconsistency in the studies
was the disregard of obesity, reported that the vessels
were located more laterally in obese patients.[*!"! The most
important deficiency in these studies with a limited number
of patients was the categorical classification of patients
as obese or nonobese. However, BMI is a continuous
variable. As expected, the studies in the literature were
insufficient to evaluate the effect of the degree of obesity
on the lateralization of the epigastric artery. For example,
if a patient with a BMI of 40 40 kg/m? and a patient
of 30 kg/m? are in the same group, it may lead to the
misconception that the epigastric vessel trace is more
medial than it should be in patients with high BMI.

The main purpose of clinical studies in the literature
is to define a safe zone to prevent possible epigastric
vessel injuries. Pun ef al. successfully detected epigastric
vessels using color Doppler ultrasound and recommended
sonographic localization of vessels before laparoscopic
procedures, especially in obese patients, to avoid injury
to these vessels."¥ Tinelli et al. showed that the adipose
subperitoneal tissue located in the lateral third of the line

between the anterior superior iliac spine and the umbilicus
is the site for a safe auxiliary trocar port.s) We created a
patient-based equation for a similar purpose, and we found
that the model with the term waist circumference had a
better performance metric than BMI. With the help of this
equation, it was possible to determine the distance of the
epigastric artery from the midline at different levels of the
abdominal surface of a patient whose waist circumference
was known. For example, in a patient with a waist
circumference of 100 cm (BMI = 31 kg/m?), we found
the distance of epigastric vessels from the midline (2.56
+ [—0.4] + [0.049 x 100]) 7.06 cm at the level of the right
symphysis pubis (R8). In another obese patient, whose
abdominal circumference was 130 cm (BMI = 40.5 kg/m?)
in our model, the distance of the epigastric vessels was
8.53 cm from the midline. This equation model can be of
great value as a real-time guide for many interventions,
such as port site placement for abdominopelvic surgeons,
epigastric perforator flap breast reconstruction for plastic
surgeons, and perforation of the anterior abdominal wall
for anesthesiologists.

With this study, we performed an equation model
showing epigastric vessel location, but we are aware of
some limitations of our study. First, our study population
consisted of women. Although some studies reported
that epigastric vessel location did not differ according to
gender, we think that our results should not be generalized
to the entire population. Second, since ultrasonography
is subjective and dynamic imaging, all measurements
were performed by a single ultrasonographer to limit
interobserver variability. In addition, we could not show
the perforator branches of the epigastric vessels in the
model.
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Conclusion

We believe that this study is a model of equations that
show the localization of epigastric vessels based on
anthropometric and ultrasound imaging and is useful to
prevent vessel damage in surgical procedures. Therefore,
clinicians who follow the recommendations of this
study should first measure their patients’ abdominal
circumference. They can determine the appropriate entry
localization for each patient by inserting the constant
values of the localization to be operated into the equation.
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Analysis of Anatomical Variations of the Main Arteries Branching from the
Abdominal Aorta by Multidetector Computed Tomography: A Prospective
Study of 500 Patients in a Tertiary Center

Abstract

Introduction: Embryological development of the aorta being a complex process can lead to a
variety of congenital variants. It may result in complications during abdominal laparoscopic and
radiological interventions. Prior knowledge can identify the anatomy, which may require special
attention at the time of surgery/interventions. Diagnostic imaging with multidetector computed
tomography (MDCT) allows accurate and noninvasive preoperative evaluation. To identify and to
evaluate the anatomical variation of major arteries branching from the abdominal aorta using MDCT.
Material and Methods: Five hundred patients of different age groups referred to the Department
of Radiodiagnosis, Dayanand Medical College and Hospital, Ludhiana, for MDCT abdomen were
included in the study. It was performed on 128-slice MDCT Siemens Somatom Definition AS scan
machine. Results: The results showed that anatomical variation occurs in a high percentage of
patients. In the celiac axis, it occurred in 34.6% of cases, out of which the most common variant
was a replaced right hepatic artery (3.7%). Celiacomesenteric trunk was observed in 0.2% of patient.
Single renal artery was observed (43.2%) while accessory renal artery in 41.6% and early branching
in 15.2%. Discussion and Conclusion: Prior knowledge of variations of these vessels can prevent

iatrogenic injuries.

Keywords: Anatomical variations, celiac axis, multidetector computed tomography, renal arteries,

superior mesenteric artery

Introduction

Embryological development of the aorta
being a complex process can lead to a
variety of congenital variants.'! It may
result in complications during abdominal
laparoscopic and radiological interventions.
Recent trends are more toward minimally
invasive  surgeries, hence,  raising
the demand of detecting anatomical
variations  preoperatively.  Diagnostic
imaging with multidetector computed
tomography (MDCT) allows accurate and
noninvasive preoperative evaluation.>?!
The aim of our study is to analyze the
prevalence of anatomical variations of the
major branches of the abdominal aorta
in regional population and to compare
the results with the ones presented
in the literature.™ In our study, we
analyzed the wvariations in anatomy of
celiac axis and its branches, superior
mesenteric artery (SMA), and renal
arteries as these are the most important

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

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

branches of abdominal aorta due to their
vascularization field.t

MDCT with the added value of
postprocessed images may allow accurate
identification of areas at risk for venous
congestion or devascularization, potentially
influencing surgical planning with regard
to the extent of resection, or the need for
vascular reconstructions.”? If the variant
anatomy remains unrecognized before
surgery, it could prolong operative time,
increase blood loss, cause iatrogenic injury,
and/or increase morbidity.

Aims and objectives

To identify and to analyze anatomical
variation of main arteries branching from
the abdominal aorta using MDCT.

Material and Methods
Method of collection of data

A prospective study was conducted in
500 patients of different age groups referred
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to the Department of Radiodiagnosis, Dayanand Medical
College and Hospital, Ludhiana, for MDCT abdomen for
different reasons.

Informed consent was obtained from all the subjects/
guardians before the study. The clinical history and the
spectrum of findings were recorded as per the pro forma.
The study was performed on 128-slice MDCT Siemens
Somatom Definition AS scan machine.

MDCT was performed with the patient positioned supine
with the area of interest from diaphragm to symphysis
pubis. 80—100 ml of nonionic contrast was injected at
the rate of 3-3.5 ml/sec followed by saline flush through
the antecubital vein. Arterial phase study was analyzed
to look for the arterial variations. Patients with vascular
diseases (thrombosis, stenosis, strictures, and collaterals),
major abdominal surgery/trauma, were not included in the
study.

Observations and Results

This study was conducted in Dayanand Medical College
and Hospital, Ludhiana. A total of 500 cases who
underwent MDCT abdomen with arterial phase study were
included in the study.

In our study, most of the cases were aged between 51
and 60 years (28.8%). The mean age was observed to be
53.20 + 14.8 years.

Out of 500 cases, there were 287 (57.4%) male and
213 (42.6%) female. A total of 327 (65.4%) cases of the
500 cases had a normal celiac axis anatomy, which appeared
as a hepato-gastrosplenic trunk and SMA originating
separately from the aorta [Figure 1 and Table 1].

Ten specific types of celiac axis anatomical variations
were observed in our study. The most frequent variation
was a replaced right hepatic artery (RHA) from the
SMA, which was seen in 68 (13.4%) cases [Figure 2].
The next variation according to frequency was
accessory left hepatic artery (LHA), originating
from the left gastric artery (LGA) seen in 48 (9.6%)
cases [Figure 3]. Replaced LHA was observed in
25 (5.0%) cases, and accessory RHA was observed in
7 (1.4%) cases [Figure 4]. Variations in the origin of the
common hepatic (CHA) (from the aorta) were observed
in 8 (1.6%) cases [Figure 5]. The RHA originated from
the celiac axis in 5 (1.0%) cases and from the aorta in
1 (0.2%) patient [Figure 6]. LGA from the aorta was
observed in 9 (1.8%) cases [Figure 7]. Splenic artery
originating from the aorta was observed in 1 (0.2%)
patient [Figure 8]. The common trunk of the celiac trunk
and SMA is a rare variation in this research, it was
observed in 1 (0.2%) patient [Figure 9]. In this study,
the mean diameter of celiac axis orifice was observed to
be 5.6 £ 1.0. The mean distance between celiac axis and
SMA was observed to be 10.4 + 2.1 [Table 2].

Figure 1: Normal celiac axis anatomy and normal origin of SMA. SMA:
superior mesenteric artery

REPLACED RIGHT HEPATIC ARTERY

Figure 2: Image showing replaced right hepatic artery

CCCESSORY LEFT HEPATIC ARTERY

e

Z

DAYAT!

Figure 3: Image showing accessory left hepatic artery

A total of 499 cases showed normal anatomical origin of
SMA. The common trunk of the celiac trunk and SMA is
a rare variation in this study, it was observed in 1 (0.2%)
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REPLACED LEFT HEPATIC ARTERY

Figure 4: Image showing replaced left hepatic artery

RIGHT HEPATIC ARTERY FROM CA

Figure 6: Image showing the right hepatic artery from the celiac axis

Table 1: Types of the celiac trunk observed in the cases
included in the study
Number of cases, n (%)

Celiac trunk

Classical 327 (65.4)
Variant 173 (34.6)
Total 500 (100.0)

patient [Table 3]. No case showing hepatomesenteric trunk
or absence of SMA was observed in our study. In this
study, the mean diameter of SMA at orifice was observed
to be 6 = 1.0.

Out of 500 study cases, on evaluation for renal arteries,
single renal artery was observed in 292/500 (58.4%)
cases, while there was presence of accessory renal
artery in 208/500 (41.6%) cases. The mean diameter
of the orifice of the renal arteries was found to be
4 £ 0.9 mm [Table 4].

There was presence of accessory renal artery in 208/500

(41.6%) cases. Early branching was observed in

COMMON HEPATIC ARTERY

Figure 5: Image showing common hepatic from the aorta

LEFT GASTRIC ARTERY FROM AORTA#

Figure 7: Image showing the left gastric artery from the aorta

76/500 (15.2%) cases, while there was no accessory renal
artery or early branching in 216/500 (43.2%) cases.

Renal arteries with early branching were observed in
76/500 (15.2%) cases, while in rest of the 424/500 (84.8%)
cases, there was no early branching. The cases with accessory
renal artery 208/500 were further categorized into [Table 5]:
1. Additional hilar artery: Right/left/bilateral

2. Superior renal polar artery: Right/left/bilateral

3. Inferior renal polar artery: Right/left/bilateral.

Additional hilar artery was seen in 83/208 (39.9%) cases
on the right side, 58/208 (27.9%) cases on the left side and
25/208 (12%) cases on both the sides.

Superior renal polar artery was seen in 19/208 (9.2%) cases
on the right side, 14/208 (6.8%) cases on the left side and
3/208 (1.4%) cases on both the sides. Inferior renal polar
artery was seen in 3/208 (1.4%) cases on the right side,
3/208 (1.4%) cases on the left side, while there was no
single case with bilateral inferior polar artery.

The polar arteries were seen in total 42 cases. In 36/42 cases,
there was superior renal polar artery [Figure 10]. In
6/42 cases, there was inferior renal polar artery [Figure 11].
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Abdomen®_DM

SPLENIC ARTERY FROM AORTA

Figure 8: Image showing splenic artery from the aorta

Figure 10: Image showing superior renal polar artery

Table 2: Types of the variants of the celiac trunk
observed in the cases included in the study
Number of cases, n (%)

Variant celiac axis anatomy

Replaced RHA 68 (13.7)
Accessory LHA 48 (9.5)
Replaced LHA 25(5)
LGA from aorta 9(1.8)
CHA from aorta 8(1.6)
Accessory RHA 7(1.4)
RHA from CA 5()
RHA from aorta 1(0.2)
Splenic artery from aorta 1(0.2)
Common origin of celiac axis and SMA 1(0.2)

Total 173 (34.6)
RHA: Right hepatic artery, LHA: Left hepatic artery, CHA:
Common hepatic artery, LGA: Left gastric artery, SMA: Superior
mesenteric artery, CA: Coronary artery

The cases with early branching were further divided
into three categories: early branching on the right side

\

—

CELIO MESENTERIC TRUNK

Figure 9: Image showing celiac- Mesenteric Trunk

Abdomen”

INFERIOR RENAL POLAR ARTERY

Figure 11: Image showing inferior renal polar artery

seen in 43/500 (8.6%) cases and on the left side seen in
29/500 (5.8%) cases and on both the sides in 4/500 (0.8%)
cases [Table 6].

Discussion

During  human  embryogenesis, four roots of
omphalomesenteric artery arise from abdominal aorta and
are interconnected by a ventral longitudinal anastomosis.
Two central roots of these four aortic branches disappear
during embryogenesis, and the first and fourth roots connect
to each other with longitudinal anastomosis. The splenic,
left gastric, and CHA will come from this longitudinal
anastomosis and the SMA from the fourth roots of the
omphalomesenteric artery. Remain or regression of any
of these arteries leads to the development of vascular
variations of the celiac trunk or SMA.®! In the past,
preoperative evaluation of hepatic resection candidates
consisted of both noninvasive and invasive studies,
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Table 3: Types of origin of superior mesenteric artery

SMA Number of cases, n (%)
Normal origin 499 (99.8)
Variant origin 1(0.2)

Total 500 (100.0)
SMA: Superior mesenteric artery

Table 4: Types of renal artery in the study group

Renal artery in the study group Cases (%)
Single 292 (58.4)
Accessory renal artery 208 (41.6)
Total 500 (100)

Table 5: Types of accessory renal artery and their
further distribution

Accessory renal artery n (%)
Additional hilar artery
Right 83 (39.9)
Left 58 (27.9)
Both 25(12)
Superior renal polar artery
Right 19 (9.2)
Left 14 (6.8)
Both 3(1.4)
Inferior renal polar artery
Right 3(1.4)
Left 3(1.4)
Both 0
Total 208 (100)

Table 6: Distribution of the cases with single renal artery
and with early branching

Types of renal arteries n (%)
Single 424 (84.8)
Single with early branching
Right 43 (8.6)
Left 29 (5.8)
Both 4(0.8)
Total 500 (100)

including computed tomography (CT), MRI, CT arterial
portography, and conventional angiography.’!"! More
recently, CT has been combined with three-dimensional
CT angiography for the depiction of the vascular anatomy.
Preoperative knowledge of variant arterial
may reduce extensive exploration during surgery and
consequently decrease the risk of vascular damage. In the
classic anatomy, the celiac trunk was divided into three
branches, LGA and then CHA and splenic artery. The
CHA artery bifurcates into the gastroduodenal artery and
the proper hepatic artery. Hepatic artery proper divides
into RHA and LHA. In this study, classical hepatic arterial
anatomy was seen in 327 (65.4%) of the patients who

anatomy

underwent CT abdomen, while the previous studies showed
different results, i.e., 89% by Michel,'"? 51% by Winston
et al.,"® 66% by De Cecco et al.,"1 89% by Song et al.,l'"¥
and 91% by Sureka er al.l'" The most common frequent
variant in this study was a replaced RHA originating
from SMA, seen in 68 (13.6%) of patients. It was found
in 15% and 9.2% of patients in a study of Winston
and Cecco, respectively. Accessory arteries provide an
additional source of blood supply to the hepatic lobes.
These accessory arteries needed to be occluded separately
when surgeons want to control inflow to hepatic lobes.
Replaced LHA was observed in 25 (5.0%) of patients. The
prevalence of this variation in Cecco et al.’s study was
5.2%, and it was observed in 8% of patients in the study
of both Winston and Michel. Before the left hepatectomy,
this variant should be identified and ligated.!'!:!3:1617]
Accessory RHA was observed in 7 (1.4%) patients. On
the other hands, variant arterial anatomy has an important
role in chemotherapy as an adjuvant to resection in
controlling hepatic disease. The hepatic variant artery can
result in a nonuniform perfusion of the chemotherapeutic
agent through the liver so a replaced or accessory artery
should be ligated during chemotherapy.l'®2!" The common
trunk of the celiac artery and the SMA is a rare variation
and according to the earlier studies, it has been observed
in <2% of patients.?*] In our research, it was observed in
1 (0.2%) of patients. In 5 (1.0%) patients, the RHA was
seen to arise directly from the celiac trunk. In 1 (0.2%)
patient, the RHA was seen to arise directly from aorta.
An unusual course of RHA that originates from the celiac
axis or aorta may result in iatrogenic injury to this vessel
if the location of the vessel is unknown for the surgeon.
Eight (1.6%) patients had CHA artery from the aorta and
9 (1.8%) patients had LGA directly from the aorta. Splenic
artery arising directly from the aorta was observed in
1 (0.2%) patient in our study.

Among all abdominal aorta ramifications, renal arteries show
the highest anatomical variability. In our study, variants of
the renal arteries were significantly more frequent (56.8%)
than the variants of the celiac trunk (34.6%) of patients or
of the variant origin of SMA (0.2%).

There are a few theories about the embryonic origin of the
renal vasculature.?*?! Vasculature development is strictly
dependent on the cephalic migration of the kidneys during
embryogenesis. If their final location is atypical, renal
vasculature may also be atypical, which can be explained
by arterial vasculature adjustments to the location of the
kidneys.”®! In our study group, the atypical kidney location
was not observed, and thus, the additional renal arteries
were probably the remains of the mesonephric blood
vessels, giving rise to the renal artery.’” Renal vessel
variations are not contraindications for transplant surgery,
but having knowledge about the presence of these vessels
and their courses will prevent the possible injuries or
bleedings and prolonged ischemia of graft. Therefore, all
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accessory or polar arteries must be anastomosed in order to
reduce surgery duration and risk of graft ischemia.

In our study, including 500 patients, the prevalence of
accessory renal artery was observed in 208 (41.6%) patients
with additional hilar artery observed in 166 patients,
superior renal polar arteries observed in 36 patients, and
inferior renal polar arteries observed in 6 patients. We
observed more accessory RAs on the right side, studies
done by Ozkan et al.,”® Holden et al.,*' and Ugurel
et al.PY reported that accessory renal arteries were more
frequently observed on the right side.

Most of the studies that have investigated the prevalence
of accessory renal arteries were based on autopsy or digital
subtraction angiography (DSA) findings. The prevalence of
accessory renal arteries varies between 9% and 76% in the
literature, and the general average in postmortem studies
is 28%—-30%.8132 In the study by Ozkan et al., including
DSA examinations obtained in 855 patients, the prevalence
of accessory renal artery was 24%. In a study by Ugurel
et al., the incidence of the accessory renal artery was 42%
and accessory renal arteries were on the right side in the
majority of patients.l*"!

Although Khamanarong et alB detected higher polar
arteries than hilar arteries in their study, we detected higher
frequency for hilar arteries than for polar arteries.

In our study, the pattern of early branching was observed in
76 (15.2%) patients with early branching on the right was
in 43 cases, on the left in 29 cases. In the literature, the
prevalences reported for early branching in the main renal
artery vary between 4.3% and 13%.53% In the study by
Raman et al.,%! the early branching frequency on the right
side was 15% and 21% on the left side. The rate of early
branching we determined is slightly higher than the rate
specified in the literature for early branching.

To provide an easier hemorrhage control, the renal artery
incision should be done 1.5-2 cm distal from the aortic
origin. Therefore, it is very important to determine early
branching of the main renal artery. It is also essential
to measure the length and caliber of hilar and polar
arteries (though not done in our study) and look for
branches arising from these arteries as anomalous origin
of testicular arteries can be seen from polar arteries in rare
cases.?*

Hence, anatomical variations in the origin, number, and
branching of renal arteries are very useful for planning
and performing endovascular and laporoscopic surgeries
for urological pathologies and can be helpful for the
development of new medical devices for future treatment
strategies.”

Conclusion

The results of the present study showed that anatomical
variation occurs in a high percentage of patients. In the

celiac axis, it occurred in 34.6% of cases out of which
most common variant was a replaced RHA in 3.7% cases.
The second most common was an accessory LHA arising
from LGA 9.5%. Replaced LHA was observed in 5.0%
of patients, and accessory RHA was observed in 1.4% of
patients. Origin of the CHA (from the aorta) was observed
in 1.6% of patients. RHA originated from the celiac axis
in 1.0% of patients and from the aorta in 0.2% of patient.
LGA from the aorta was observed in 1.8% of patients.
Splenic artery originating from the aorta was observed in
0.2% of patient.

Celiaco-mesenteric trunk was observed in 0.2% of patients.

Out of 500 cases, on evaluation for renal arteries, single
renal artery was observed in 43.2% cases, while there was
presence of accessory renal artery in 41.6% cases and early
branching in 15.2% cases. The accessory hilar artery was
observed in 39.9% cases on the right side, 27.9% cases on
the left side and 12% on both the sides.

The superior renal polar artery was observed in 9.2% of
cases on the right side, 6.8% of cases on the left side and
1.4% of cases on both the sides.

Inferior renal polar artery was observed in 1.4% of cases
on the right side, 1.4% of cases on the left side, while there
was no single case with bilateral inferior polar artery.

Early branching on the right side was observed in 8.6% of
cases, early branching on the left side seen in 5.8% cases,
and early branching on both the sides in 0.8% cases.
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Sternalis Muscle in Living Individuals Identified with Computed

Tomography

Abstract

Introduction: The sternalis muscle is a rare muscular variation of the anterior thoracic wall. When
present, it can confuse the radiologists as a breast mass on mammograms and pose as a challenge and
opportunity at the same time for surgeons during mastectomies or breast augmentation procedures.
This study aims to investigate the frequency and anatomy of the sternalis muscle on a large Turkish
sample. Material and Methods: Following ethical approval, the presence and anatomy of the
sternalis muscle was investigated on thoracic computed tomography (CT) scans of 8408 patients.
Results: The sternalis muscle was present in 263 (3.1%) patients. The presence of the muscle was
unilateral on the right side in 104 (39.5%), unilateral on the left side in 96 (36.5%), and bilateral in
63 (24%) patients. In 326 hemithoraces, Type 1, Type 2, and Type 3 sternalis muscles were observed
in 79.2%, 14.4%, and 6.4% of the patients, respectively. Discussion and Conclusion: The frequency
of the sternalis muscle among the Turkish population was relatively lower compared to the previous
studies on different ethnicities. In addition, CT provides a detailed evaluation of the muscle.

Keywords: Anatomy, computed tomography, sternalis muscle

Introduction

The sternalis muscle is an infrequent
musculoskeletal variation at the anterior
thoracic wall.l! Its presence is relevant for
radiologists because it might appear as a mass
at medial breast during routine mammograms
and could be misdiagnosed as a breast
mass lesion.”! Similarly, an unrecognized
sternalis muscle before breast augmentation
surgery may lead to confusion.?! These
cases identified during surgery may cause
complications, prolong surgery time, or result
in asymmetric implants with poor esthetic
outcomes.**! Conversely, a sternalis muscle
identified before surgery could be used as a
muscular flap in reconstructive breast surgery
as well as neck surgery.>

The frequency of the sternalis muscle
varies among studies with different
methodologies. The lowest frequencies were
reported by mammography studies with an
average frequency of 0.02%.[" These low
frequencies were attributed to the limited
imaging field in mammograms.® Similarly,
surgical studies underreport the presence
of the sternalis muscle with an average
frequency of 0.48%."" Lack of surgeon’s
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knowledge on sternalis muscle or surgical
removal of the muscle along with the breast
tissue was proposed for the low frequencies
in these studies.)

In contrast to X-ray and surgical studies,
cadaveric studies and studies performed
with computed tomography (CT) report
higher frequencies of sternalis muscles
with similar results.”? For cadaveric studies,
the overall frequency of sternalis muscle
is around 7.8% (1%-23.5%), while CT
studies report an average frequency of
6.4% (0.87%—10.5%).01-710.11

The previous CT studies evaluated the
sternalis muscle in large samples and provided
the frequencies for the Chilean, Japanese,
Korean, and Chinese populations.!*!¥ CT
also could provide detailed information on
sternalis muscle anatomy.!'

This study aims to investigate the frequency
and morphology of the sternalis muscle in
a large-scale Turkish population using CT
images.

Material and Methods

Patient population

This retrospective study was performed
at Haseki Research and Training Hospital
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between June and September of 2020. Institutional review
board approval was obtained before the study (Date:
August 19, 2020; Number: 2020-136). Thorax CT scans
of 8552 individuals aged between 3 and 94 years who
were admitted to the radiology department with various
indications between January 2019 and April 2020 were
evaluated.

Patients with suboptimal images (images with artifacts
due to motion, implants, etc.), breast implants, and prior
thoracotomy were excluded from the study. Patients with
more than one thoracic examinations were evaluated only
once, and the first scans of these patients were used for
the evaluation. Therefore, 8408 (4656 men, 3752 women;
mean age 42 years) patients were included in the study. In
addition, patients were grouped according to age intervals
of 10 years. Although the patients who were 19 and
younger were appointed into the same group due to the
small sample size of patients younger than 10 (n = 40).
Similarly, patients older than 90 (n = 5) were appointed
into the group over 80 years of age.

Computed tomography protocol

CT data were acquired using a 128 detector CT
scanner (PHILIPS Ingenuity, Netherlands). The parameters
used for the scanning protocol were as follows: the patient
was in the supine position and end inspiratory acquisition
tube voltage, 120 kV; tube current—exposure time product,
200-300 mAs and section thickness after reconstruction,
1.25 mm. CT scans were obtained without contrast material
administration.

Image analysis

A local workstation (Syngo Via, Siemens Medical Solution,
Erlanger, Germany) was used to evaluate all images.
Multiplanar reformation reconstructions were obtained
with Synapse Picture Archiving and Communication
Systems, (Panathes Medical systems, Turkey) in order to
evaluate images on axial, sagittal, and coronal planes. In
addition, maximum intensity projections (MIP) were used
to evaluate the anterior thoracic wall in detail.

A muscle with a craniocaudal course that is located superficial
to the pectoralis major was accepted as the sternalis muscle.
Images of the patients who had a sternalis muscle were
further evaluated with MIP in order to outline the shape and
location of the muscles. The morphology of the muscles was
classified regarding the number of heads and bellies.!'*!

Statistical analysis

The SPSS statistical package, version 21 (IBM Corp.,
Armonk, NY, USA) was used to perform the statistical
analyses. The one-way analysis of variance test was used
to compare the mean ages for different sternalis muscle
morphologies. The Chi-square test was used to compare
sternalis frequencies between sexes and age groups.
P < 0.05 was accepted as statistically significant.

Results

The sternalis muscle was identified in 263 (3.1%) patients.
The presence of a sternalis muscle had a similar frequency
for females (121/3752, 3.2%) and males (142/4656, 3%),
which did not reach statistical significance (X* = 0.21,
P = 0.65). The patients with and without sternalis muscles
had an average age of 41.4 + 133 and 42.1 = 15.2,
respectively. The average age did not show significant
differences between two groups (¢ = 0.763, P = 0.45).
The frequency of the sternalis muscle did not change
with increasing age (X> = 8.81, P = 0.27). Similarly, the
presence of bilateral sternalis muscles did not change over
the decades (X = 11.77, P = 0.62) [Table 1].

Among the 263 patients who had sternalis muscle,
104 (39.5%) had a right sternalis muscle, 96 (36.5%)
had a left sternalis muscle, and 63 (24%) had bilateral
sternalis muscles. The presence of bilateral sternalis
muscles was more frequent in females (33/121, 27.3% vs.
30/142, 21.1%), but this difference did not reach statistical
significance (X*> = 1.572, P = 0.46) [Table 2].

The sternalis muscle was located superficial to the
pectoralis major muscle coursing longitudinally at the
anterior thoracic wall [Figure 1], sometimes exceeding
medially over the sternum [Figure 1]. Multiplanar and MIP
images revealed that the muscle had three morphological
types. Type 1 muscles had a single head and belly,
Type 2 muscles were double or multiheaded, and Type 3
muscles were double or multi bellied [Figure 2]. The

Table 1: Frequency of sternalis muscle presence among

age groups
Age Absence of Unilateral Bilateral P
groups sternalis presence presence
muscle (%) of sternalis of sternalis
muscle (%) muscle (%)
0-19 411 (97.6) 6(1.4) 4(1) 0.62
20-29 1472 (97.0) 35(2.3) 10 (0.7)
40-49 1990 (96.3) 61 (3) 16 (0.8)
50-59 1348 (96.8) 34 (2.4) 10 (0.7)
60-69 734 (97.6) 14 (1.9) 4(0.5)
70-79 272 (98.9) 3(1.1) 0(0)
>80 103 (97.2) 2(1.9) 1(0.9)

Values are presented as number of cases - frequency within age
group

Table 2: Frequency of sternalis muscles among sexes

Sexes Absence of  Unilateral Bilateral Total (%)
sternalis presence presence
muscle (%) of sternalis  of sternalis
muscle (%)  muscle (%)
Females 3631 (96.8) 88 (2.3) 33(0.9) 121 (3.2)
Males 4514 (97) 112 (2.4) 30 (0.6) 142 (3)

Values are presented as number of cases - frequency within age
group
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sternalis muscle had a lower thoracic or upper abdominal
wall origin. Identifying the termination of the muscle in
all patients was not possible; therefore, these data were
excluded from the study.

Among the study population (263 cases), the sternalis
muscle was observed in 326 hemithoraces. The frequency
for Type 1, Type 2, and Type 3 sternalis muscles
within all hemithoraces were 79.2%, 14.4%, and 6.4%,
respectively [Table 3].

Discussion

The sternalis muscle is a rare band-shaped muscle variant
of the anterior thoracic wall with a highly variable
morphology.l'¥ Its upper attachment includes the sternum,
clavicle, and upper ribs and their costal cartilages, while
its lower attachment includes the rectus sheath, external
oblique aponeurosis, and lower ribs and their costal
cartilages.["71>18) Similarly, the morphology of the belly
of the muscle could range from a few muscle fibers to

Figure 1: The anatomy of the sternalis muscle is shown on images of
22-year-old male (a), 56-year-old male (b and c), and 39-year-old male (d)
patiens. The sternalis muscle has an oblique course (a and b) on the anterior
thoracic wall that gets closer to the midline as it ascends (a). The muscle
lies superficial to the pectoralis major muscle and is separated from the
pectoralis major muscle with a thin fatty layer (c) which is more prominent
in some individuals. Despite its oblique course, some sternalis muscles
course more medially and cover the sternal body (d)

a large strap muscle easily recognized during gross
dissections.!"”]

Despite its variable anatomy, the sternalis muscle has a
relevant clinical significance for diagnostic and surgical
procedures involving the anterior chest wall.[#6819
Especially, during routine mammographic evaluation, it
could be seen as an asymmetric opacity at the medial
posterior edge of craniocaudal mammograms, mimicking
mass lesions of the breast.>® Rarely, it could be seen as
a longitudinally running opacity in mediolateral oblique
views as well.®] In such cases, it is noteworthy that an
obtuse angle on craniocaudal mammograms usually
indicates a muscular structure.?’ Similarly, it usually
is surrounded with fat, which could be confirmed with
ultrasonography,?!) magnetic resonance imaging,*?' or
CTU2B] as the underlying fatty tissue separating the
sternalis from the pectoralis major muscle.

Unlike radiology practice, the presence of a sternalis
muscle in surgical practice could be advantageous and
disadvantageous in different situations. For example, the
sternalis and pectoralis major muscles could be used as a
conjoint muscle flap in reconstructing the breast following
mastectomy or soft-tissue defects following head-and-neck
carcinomas.”®  Although the presence of sternalis
muscle results in a smaller pocket for breast implants
with a submuscular approach, including the sternalis
to submuscular dissection is advised for expanding the
inadequate medial dissection.®! In addition, a submuscular
approach is reported to provide more cover for the breast
implant at the lower parasternal region in thin individuals,
resulting in a more satisfactory outcome.[* Schulman and

Table 3: Frequencies for sternalis muscle morphological

types
Sternalis muscle morphological types (%)
Type 1 Type 2 Type 3 Total
Unilateral right 86 (82.7) 13 (12.5) 5(4.8) 104 (100)
Unilateral left 78 (81.3)  15(15.6) 3@3.1) 96 (100)
Bilateral 94(74.6) 19(15.1) 13(10.3) 126 (100)
Total 258(79.2) 47(144) 21(64) 326 (100)

Values are presented as the number of cases - frequency within the
group

Figure 2: Types of sternalis muscles are shown on images of 43-year-old male (a), 22-year-old male (b), and 51-year-old female (c) patients. Muscles with
a single head and belly were classified as Type 1 (a), muscles with double or multi heads were classified as Type 2 (b), and muscles with double or multi

bellies were classified as Type 3 (c)
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Chun emphasized the inclusion of the sternalis muscle in
conjoint muscle flap because it provided additional coverage
due to the smaller nature of accompanying pectoralis major
muscle.’” Nevertheless, the presence of a sternalis muscle
might hinder the detection of the dissection plane due to its
superficial location and prolong surgery time.!

During modified radical mastectomy, the pectoralis fascia is
excised along with the breast tissue.*! The sternalis muscle
which lies superficial to the pectoralis fascia when present
might pose as a challenge during breast cancer surgery.
Incidental detection of the muscle during surgery usually
causes an expanded dissection for complete identification
of the muscle, thus prolonging surgery time.’*24 In
addition, the decision of removing or sparing the muscle
might cost more time during the surgery. Removal of the
sternalis muscle was advised if it had a proximity to the
primary breast tumor or presence of additional breast tissue
underneath it.”*) On the other hand, the muscle could be
spared since the resection of muscle tissue during modified
radical mastectomy does not improve patient survival.[*]
Nevertheless, recording this decision and informing the
radiologists for future follow-ups is highly recommended.?*

There is a distinct discrepancy between reported
frequencies for the sternalis muscle. Mammographic studies
especially provide frequencies as low as 0.02%.2781%]
Similarly, incidental identification of sternalis muscles in
patients who underwent modified radical mastectomy or
augmentation mammoplasty is around 0.3%-0.7%.°! This
clinical underreporting had been associated with improper
patient positioning, low-quality image resolution, or
lack knowledge and awareness of this muscle among
surgeons, radiologists, residents, and medical students.[*
Although cadaveric studies report the highest frequencies
as up to 23.5%, only a few cadaveric studies report reliable
big samples.'” In addition, slender muscles might be
overlooked during routine dissection practices resulting in
improper reporting of its frequency.l”

Conversely, modern modalities, such as CT and magnetic
resonance imaging, are highly sensitive for identifying
this muscle variant.”! They provide detailed information,
including the superficial location of the muscle to the
pectoralis major muscle and the thin fat tissue between
them.['*2!1 Investigations on sternalis muscle performed
with CT report a frequency of 0.87% for the Chilean,
5.8% for the Chinese, 6.2% for the Korean, and 10.5%
for the Japanese populations.'!¥) Moreover, these studies
evaluated large samples ranging from 948 to 6000.
A previous Turkish study reported a sternalis muscle
frequency of 0.02%. The study of Demirpolat G et al.
investigated 52,930 mammographies and was limited to
female patients only and by its methodology with low
sensitivity.®] Furthermore, there are no cadaveric studies
other than case reports among the Turkish population.?¢]
Although the results of this study report a relatively low

frequency of 3.1% for the Turkish population, it provides
a higher frequency for the sternalis muscle, similar to
cadaveric and previous tomographic studies.

Conclusion

This study reported the frequency of the sternalis muscle
in a big Turkish sample of 8408 patients. Despite its low
recognition among surgeons, radiologists, and students
and current discrepancies between radiologic and surgical
studies, knowledge on the anatomy of the sternalis muscle
has clinical impact.
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Sub-Acromion Impingement Syndrome: Scapular Morphometric Analysis:

A Study On Dry Bones among Eastern Indian Population

Abstract

Introduction: Among various factors responsible for the development of chronic shoulder
pain worldwide, the role of scapula, as a bony factor, is very important. This study focuses on
evaluating the scapular shape and contour as a determinant of sub-acromion impingement syndrome.
This was a cross-sectional observational study conducted on dry bones. Material and Methods:
Dry scapulae (42 right sided and 38 left sided) were studied by taking digital photographs in
different views and analyzing various parameters (critical shoulder angle (CSA), glenoid inclination,
shape of acromion process, etc.) using ImageJ analyzer. Results were analyzed using measures of
central tendency, and statistical significance was analyzed by measuring P values with the help
of SPSS software (v25). Results: There were 40% Type I, 38.75% Type II, and 21.25% Type III
scapulae, respectively. The Type I and III scapulaec showed significant variations on the basis of
various acromion overhangs (anterior overhang was 9.03 mm and 11.08 mm in Types I and III,
respectively, while for the lateral overhang, the values were 9.73 mm and 6.25 mm in Types I and III,
respectively) and angles (lateral acromion angle was 79.5° and 71.9° for Types I and III, respectively,
whereas the coraco-acromion angle was 37° and 30.8° in Types I and III, respectively). The glenoid
inclination and CSA were also significantly variable between all three types of scapulae. Discussion
and Conclusion: The scapular morphology plays a pivotal role which can be extrapolated on a
radiological basis in pertinent patients to determine the chances of developing pathological shoulders
in future.

Keywords: Acromion overhangs, critical shoulder angle, glenoid inclination, rotator cuff, scapula,
sub-acromion impingement syndrome

the shoulder including osteoarthritis, SIS,
and RC tears of various degrees.'>'¥ The
focus of this study is on the assessment
of bony factors of scapula, which can
contribute significantly in development of
SIS.

Introduction

Rotator cuff (RC) injury is a predominant
disease affecting multiple persons globally.
The prevalence of the disease among
US population was 33.8% unilaterally
and 30.1% bilaterally.!! In Japanese
population, the prevalence was 20.7%.
Subacromial impingement syndrome (SIS)
includes a spectrum of pathologies
involving  the  subacromial  space.’?!
Neer describes the subacromial space,
bounded inferiorly by the humeral head
and superiorly by the coraco-acromial

Material and Methods

Eighty dry scapulac (42 right sided and
38 left sided) were collected from the
museum of Kolkata-based medical college
for purpose of the morphometric study.
Bones with any morphological deformity

arch.'®’ Both intrinsic (intra-tendinous) and
extrinsic  (extra-tendinous) factors play
an important role in SIS.!!l Most of the
studies relating the scapular angles (critical
shoulder angle [CSA] and glenoid
inclination) were based on radiological
imaging previously. These two parameters
were mostly related to pathologies around
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or breakage were excluded from the study.
The scapulae were divided into three groups
following Bigliani et al.’s classification:
Type I — flat acromion, Type II — curved
acromion, and Type III - hooked
acromion."”! For each scapula, four views
were obtained with digital camera: lateral,
anterior, posterior, and superior (with each
scapula being held in anatomical position
by a tripod). With the help of image
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analyzer (Imagel), the following parameters were studied
and analyzed.

Glenoid inclination

On posterior view, four points were marked. The angle
formed at superolateral quadrant by intersection of two
lines was considered glenoid inclination. This is shown in
Figure 1.

Critical shoulder angle

This defines the position of glenoid fossa relative to the
lateral-most point of acromion process. This angle is
very much important from radiological point of view, as
it determines the translation of humeral head against the
scapula. This parameter was studied radiologically on
multiple occasions previously.'>!3! Figure 2 depicts the
CSA.

Acromion overhangs

The extensions of acromion process over the sub-acromion
space were represented by the anterior, posterior, and lateral
acromion overhangs. They were determined in the superior
view in relation to the posterior margin of the glenoid fossa,
as shown in Figure 3. The posterior acromial overhang was
the distance between the posterior edge of the glenoid and
the anterior edge of the acromion on a line passing through
the anterior and the posterior edges of the glenoid. The
lateral acromial overhang was the distance between the
posterior edge of the glenoid and the medial edge of the
acromion on a line perpendicular to the glenoid surface.
The anterior acromial overhang was the distance between
the posterior edge of the glenoid and the intersection of
lines passing through the anterior and posterior edges of
the glenoid and a perpendicular line passing through the
anterior end of the acromion.

Lateral acromion angle

This is the angle formed at the intersection of two
lines — one drawn along the undersurface of acromion
process and the other along the surface of glenoid fossa.
This is shown in Figure 4.

Coraco-acromion angle

The coraco-acromial angle was the angle formed between
a line passing through the axis of the coracoid process
and a line perpendicular to the glenoid surface, joining
the anterior end of the acromion on a superior view. This
angle also indicates indirectly the shape and volume of
sub-acromion space. It is calculated in the superior view, as
shown in Figure 5.

Lateral coracoid angle

The lateral coracoid angle was measured on the lateral
view. It was the angle between a line passing through the
axis of the base of the coracoid process and a line passing
through the vertical axis of the glenoid. This is again an

Figure 1: Glenoid inclination angle was calculated as the angle formed between
line 1 and line 2. Line 1 was defined as connecting (A) the intersection of the
scapular spine with the scapula’s medial border and (B) the middle of the
spinoglenoid notch. Line 2 was defined as connecting (C) the superior-most
point on the glenoid rim and (D) the inferior-most point on the glenoid rim

Figure 2: S — Supraglenoid tubercle; | - Infraglenoid tubercle; A— Lateral-most
point on Acromion process

Figure 3: The posterior (A), lateral (B), and anterior (C) acromial overhangs
were all measured on the superior view. Acromial overhangs, (D) reference
line perpendicular to glenoid fossa for measuring Anterior Acromion
Overhang, passing through anterior end of acromion process
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indirect measure of the sub-acromion space, as evident
from Figure 6.

Figure 4: (A and P) Anterior-most point and posterior-most point of tip of
acromion process, respectively; S and I: Supraglenoid and infraglenoid
tubercles, respectively. Line 1 joins A and P along undersurface of acromion,
while line 2 joins S andf | along surface of glenoid fossa. Lateral acromial
angle

Figure 5: Coraco-acromion angle (shown in red) on superior view

Figure 6: Lateral coracoid angle (shown in white line) on lateral view

Results

The scapulae were primarily divided into three categories,
on the basis of shapes of their acromion processes:
Type 1 (40%), Type II (38.75%), and Type III (21.25%),
respectively. When laterality was taken into consideration,
around 50% of the scapulae of either side fell into each
subtype, as shown in Table 1.

The mean overhang readings, based on the type of acromion
process, noted in our study are depicted in Table 2. The
measurements were also categorized according to laterality,
as shown in Table 3.

As evident from the Table 2, lateral overhang measurements
varied significantly between the acromion types, the
maximum being in Type II (10.2 + 3.5 mm) and minimum
being in Type III (6.25 + 2.4 mm). Similarly, the anterior
overhang measurements varied significantly between
Type I and III acromion processes. There was no significant
variation of the overhang measurements on scapulae of
either side.

The different angles in relation to the acromion process
were compared between different types of scapulae,
as shown in Table 4. The mean lateral coracoid angle
measurements were 53.5°, 50.7°, and 55.1° in Types
I, II, and III, whereas the mean lateral acromion angle
measurements were 79.5°, 78.4°, and 71.9°, respectively.

Type III scapulae varied from both Types I and II with
respect to the lateral acromion angle while the lateral
coracoid angle did not vary significantly between the three
types of scapulae. On the other hand, the type I scapulae
was varying significantly from both the other types in
respect to the coraco-acromion angle. Between the right
and left scapulae, only the coraco-acromion angle varied
significantly while others had no significant variation. This
is evident from Table 5.

Apart from the acromion process, another two important
angles were measured in relation to the glenoid cavity.
The mean glenoid inclination was measured to be
92.48° (£5.2°), 88.9° (£3.9°), and 96° (£3.3°), respectively,
in Type I, 11, and III scapulae, whereas the mean CSA was
noted to be 31.5° (£3.8°), 34.3° (£3.8°), and 37.7° (£7.1°),
respectively. These are evident from Table 6. Laterality-wise
variation in these angles was also analyzed on the basis of
measurements obtained, and they are reflected in Table 7.

Both the glenoid inclination and CSA showed significant
variations between different types of scapulae, as shown

Table 1: Prevalence of different types of scapulae (based
on their shapes) in either side
Type I (n=32) Type II (n=31) Type I1I (n=17)

Right, Left, Right, Left, Right, Left,
n (%) n (%) n (%) n (%) n (%) n (%)
17 (53.1) 15(46.9) 16(51.6) 15(48.4) 9(52.9) 8(47.1)
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Table 2: Comparison of the acromion overhangs of various types of scapulae among themselves

Type of Type I (mm) Type I-11 Type 11 (mm) Type 1I-111 Type I1I (mm) Type I-111
acromion (meanzSD) P (meanzSD) P) (mean=SD) (P)
Overhangs

AOH 9.03+2.5 0.46 9.53+2.13 0.1 11.0843.3 0.043*
POH 9.2+2.1 0.69 9.47+2.6 0.09 7.99+2.3 0.12
LOH 9.73+2.4 0.6 10.2+3.5 0.001* 6.25+2.4 <0.001*

* Asterisks showing significant result. AOH: Anterior overhang, POH: Posterior overhang, LOH: Lateral overhang, SD: Standard deviation

Table 3: Variations in measurements of acromion overhangs of either side, without considering the individual types of

scapula
Side (laterality) Mean=SD
AOH (mm) POH (mm) LOH (mm)
Right 9.72+3.1 9.2+2.8 9.7+3.4
Left 9.6+2.1 9.7+1.9 8.5£2.9
P 0.86 0.46 0.17

AOH: Anterior overhang, POH: Posterior overhang, LOH: Lateral overhang, SD: Standard deviation

Table 4: Comparative data regarding variations in angles with respect to the acromion process in scapulae of different

types
Angles around acromion Type I (mean+SD) Type I-1I (P) Type II (mean+SD) Type II-III (P) Type III (mean+SD) Type I-11I (P)
LCA(°) 53.5+8.4 0.23 50.7£7.5 0.15 55.1£10.2 0.61
LAA (°) 79.5£12.5 0.72 78.4+5.9 0.003* 71.9£5.6 0.046*
CAA (°) 37+8.9 0.047* 32.3+6.6 0.052 30.8+6.8 0.036*

*Asterisks showing significant results. LCA: Lateral coracoid angle, LAA: Lateral acromion angle, CAA: Coraco-acromion angle, SD:
Standard deviation

Table 5: Variations in angles around acromion process among scapulae of either side

Side (laterality) Mean+SD

LCA LAA CAA
Right (°) 51.4+7.3 76.1£11.8 37.43+7.6
Left (°) 54.449.5 78.9+6.9 29.8+6.5
P 0.17 0.23 <0.0001*

* Asterisks showing significant results. LCA: Lateral coracoid angle, LAA: Lateral acromion angle, CAA: Coraco-acromion angle, SD:
Standard deviation

Table 6: Differences in angles around glenoid fossa among various types of scapulae

Angles around Type 1 Type I-11 Type 11 Type II-11T Type 111 Type I-111
glenoid fossa (mean%SD) (P) (mean%SD) (P) (mean%SD) (P)
GI(°) 92.48+5.2 0.011* 88.9+3.9 <0.0001* 96+3.3 0.032%*
CSA (°) 31.543.8 0.017* 34.3+£3.8 0.061 37.74£7.1 0.001*

* Asterisks showing significant results. GI: Glenoid inclination, CSA: Critical shoulder angle, SD: Standard deviation

in the above Table 6. However, the angles in relation to
glenoid fossa did not vary significantly between the right
and left sides.

Discussion

Bigliani et al. in their study argued that due to the shape
and resultant damage, the Type II and Type III acromion
had a greater predisposition to a RC tear and hence
SIS.['S) Multiple anatomical factors including trauma or
overuse of Rotator Cuff and allied structures can lead to
Sub-acromion Impingement Syndrome.l'®  Anatomical

factors include acromial morphology variations such as
shape of acromion process, lateral extension of acromion
and coracoid processes, and degenerative changes at the
inferior surface of the acromion, acromio-clavicular joint
(ACJ), or coraco-acromial ligament (CAL). However,
due to poor inter-observer reliability, this theory has been
widely criticized.!'”

In our study, the incidence of Type I acromion was more
on the right side which coincides with Penni et al. (1996)
and Schippinger et al. (1997).'%°1 On the left side, the
incidence of Type II acromion was more than the other two

Journal of the Anatomical Society of India | Volume 71 | Issue 2 | April-dJune 2022 143



Dutta and Poddar: Shoulder pain — the role of scapula

types, which is similar to the findings of Bigliani et al.,
Paraskevas et al., and many more.*” Table 8 shows the
incidence of acromial types in previous studies.!!>1827)

Analyzing the relationship between the acromial shapes
and acromial overhang, significantly greater anterior
acromial overhang was found in Type III than Type I and
Type II. On the other hand, lateral acromial overhang was
significantly less in Type III acromion than Type I and
Type II. No significant relationship was found between
posterior acromial overhang and types of acromion
process. This study result was similar to that of Le Reun
et al ¥

Glenoid inclination angle varies significantly between the
three types of acromion processes in our study. Glenoid
inclination angles were 92.48°, 88.9°, and 96°, respectively,
in Types I, 11, and III in this study. Hughes et al. in their
study found that glenoid inclination was greater in cadaver
shoulders having full-thickness RC tears (98.6°) than in
shoulders without tears (91.0°).>

The presence of degenerative shoulder pathologies
may be indicated in a new radiographic measurement
which is CSA. This parameter is not only associated
with degenerative RC tears but also with the presence
of glenohumeral osteoarthritis. Degenerative RC tear is
associated with CSA greater than 35° while angle below
30° is common in osteoarthritis.?**! In this study, CSA

Table 7: Comparison between scapulae of either side,
with respect to the angles around glenoid fossa

Side (laterality) Mean=SD

GI CSA
Right (°) 33.244.2 91.3+5.6
Left (°) 34.7+6.1 92.5+4 .4
P 0.28 0.37

GI: Glenoid inclination, CSA: Critical shoulder angle,
SD: Standard deviation

Table 8: Comparison between previous studies showing
different types of scapulae

Author (year) Sample Incidence (%)

size  Typel Typell Type III
Bigliani et al. (1986) 140  17.1 429 393
Getz et al. (1996) 394 22.8 68.5 8.6
Panni et al. (1996) '8 80 42.5 25 325
Schippinger et al. (1997)1*! 31 67.7 323 0
Hirano et al. (2002)>! 91 36.3 242 39.6
Paraskevas et al. (2008)2" 38 26.1 55.6 18.1
Gupta et al. (2014)7 50 32 22 46
Singroha ez al. (2017)2*! 100 9 48 43
Vinay and Sivan (2017)*” 164 37.1 47.5 15.2
Sinha et al. (2018)1% 164 245 49.1 26.4
Prasad et al. (2019)B" 70 57.1 40 2.8
Present study (2020) 80 40 38.75  21.25

of Type I scapula varies significantly from Types Il and
I, the maximum being in Type III (37.7°) and minimum
being in Type I (31.5°).

Conclusion

The CSA and glenoid inclinations, in addition to the
shapes of scapular acromion processes and overhangs,
can be early predictors for the SIS and other shoulder
pathologies. This anatomical study on dry bones can be
used for extending the results upon patients based on their
clinical presentations, which might be a cornerstone for
orthopedicians and radiologists while dealing with shoulder
pathologies, particularly the SIS.
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Coexisting Multiple and Complex Peritoneal Variations and Agenesis of

Vermiform Appendix

Abstract

We have come across a series of variations on our cadaver during routine dissection of the abdominal
viscera. The amount and extent of the variations were unexpected in one cadaver, and they were followed
one after another as listed: a peritoneal cyst formed by the parietal peritoneum that was stuck to the
anterior surface of the right kidney, intraperitoneal duodenum, intraperitoneal ascending colon, partially
constricted transverse colon, and several peritoneal strings running in between the various parts of the
visceral peritoneum and the parietal peritoneum covering the abdominal wall, unusual location and size
of the root of mesentery, and agenesis of the vermiform appendix. Our cadaver’s medical history has not
shown any surgery; it never showed any scars on the abdominal wall that might have indicated surgical
operations. Peritoneal variations and agenesis of vermiform appendix are of great importance during
diagnostic monitoring as well as surgical interventions. Extensive peritoneal variations in one patient
may cause some extremely critical complications during the peritoneal dialysis, as well as during the
laparoscopic approaches. We present these multiple and complex variations in one cadaver with respect
to serious clinical complications that may come out because of ignorance of such cases.

Keywords: Agenesis of vermiform appendix, malformation, peritoneal cyst, peritoneal adhesion,
peritoneal band, parietal peritoneum, peritoneum, renal peritoneal sac

Introduction

The peritoneum is a double-layered serous
membrane and the most extensive and
complex structure within the abdominal
cavity. It consists of mesoderm-derived
squamous epithelium. It covers the free
surfaces of the intra-abdominal organs
and the abdominal cavity. The parietal
peritoneum covers the abdominal walls,
whereas the visceral peritoneum envelops
the intraperitoneal abdominal viscera.!!!

Development of the peritoneum and
the digestive tube cannot be considered
separately; the viscera grow to invaginate
the mesodermal peritoneum. Once organs
start growing and pushing, they change
their positions, the peritoneum relocates
accordingly. Differences in development
and rotation of the primitive bowel tube
are the main cause of the deviations in the
peritoneal structure in adults; thus, a brief
look at the embryological development of
the peritoneum would be explanatory.®

The early gastrointestinal tract is in
the form of a tube suspended between
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the anterior and posterior wall of the
embryonic body cavity within two layers
of mesoderm: the primary ventral and
the primary dorsal mesenteries.l'! As the
gut tube starts rotating, the organs begin
situating within the body cavity. The
peritoneum also moves along; at the end
of the midgut rotation, the parts of the
peritoneum from one viscus to another
and also between the abdominal wall
and viscera are described differently.
These anatomical terms include the
peritoneal ligament, peritoneal fold,
mesentery, and omentum.? The mesentery
is a double-layer visceral peritoneum
suspending the intraperitoneal organs such
as the small intestine and the transverse
colon to the body wall, and the omentum
is part of the wvisceral peritoneum
connecting the stomach to the liver and
transverse colon.#

The peritoneum stretched between porta
hepatis, duodenum, and lesser curvature
of the stomach is known as the lesser
omentum. Greater omentum is the greatest
fold of the peritoneum and formed by
the peritoneum covering the anterior and
posterior sides of stomach extending
downward like an apron and turning back
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to form the transverse mesocolon. The peritoneal space
located between the parietal and visceral layers of the
peritoneum has two main portions as the greater and the
lesser sacs that are connected by an epiploic foramen.**
Usually, the organs developed within the peritoneal layers
remain intraperitoneal, while the organs developed
connected to the abdominal wall remain retroperitoneal.
Organs developed intraperitoneal during early stages of
development, yet their dorsal mesenterium fused with the
posterior abdominal wall is called secondary retroperitoneal
organs. The ascending and descending colon, duodenum,
and pancreas develop as secondary retroperitoneal organs.

Case Report

During routine abdominal dissection in the anatomy
laboratory, we encountered a series of anatomical
variations on a 72-year-old Caucasian male cadaver. His
medical history did not show any significant disease or
surgical information, and his body showed no scars on the
abdominal wall.

The peritoneal cyst (sac) attached to the anterior surface
of the right kidney was the first gross anatomical deviation
observed during our dissection. The blind sac was full of
peritoneal fluid about 150 cc and extending upward through
the hepatorenal recess [Figure la]. It is formed by the
parietal peritoneum of the right lumbar region by flapping
over itself around the right kidney and sticking around its
anterior surface and edges [Figure 1b and Supplementary
Figure 1]. The upper end of the cyst was blended with
the parietal peritoneum within the hepatorenal recess. The
right kidney was not fixed to the posterior abdominal wall;
instead, it was mobile and suspended by the peritoneal sac.
The posterior aspect of the kidney had no adipose tissue
when easily lifted [Supplementary Figure 2]; therefore,
the fat tissue forming the renal bed was thought to be the
perirenal fat that is stuck with the pararenal fat. The parietal
peritoneum of the posterior abdominal wall was partially
missing in the right lower part of the lumbar region, where
it reminded the missing part was the part which flapped over
and formed the sac in front of the right kidney [Figures 1b,
2, and 3]. The border of the missing peritoneum on the
left side was tracing the inferior vena cava on its anterior
surface while the right side was passing in front of the right
iliac muscle and transversus abdominis fascia.

There was no vermiform appendix at the distal part of the
cecum. It was palpated carefully to rule out the vermiform
appendix intussusceptions within ileocecal and retrocecal
areas, but could not be found. The cecum was much wider
than ascending colon, and all three taeniae were observed at
the distal part of the cecum without interruption [Figure 4].

Ascending colon was observed intraperitoneal within the
same peritoneal layers with the cecum and transverse
colon; it was running within the ascending mesocolon. It
was difficult to distinguish the ascending colon from the
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Figure 1: (a) Renal peritoneal sac formed by parietal peritoneum. (b)
Removed right kidney with renal peritoneal sac (exposed)
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Figure 2: Missing part of parietal peritoneum after the removal of the right
kidney
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Figure 3: lllustration of the renal peritoneal sac, root of the mesentery,
intraperitoneal ascending colon, duodenum, and head of pancreas
representing our case report

transverse colon since a significant right colic flexure was
not observed [Figures, 5a, b, and 6].

Transverse colon showed 12 cm long constriction at its
distal end with extremely thickened wall; this part did
not show any taenia or haustra and it was wrapped with
a twisted mesocolon [Figure 7]; rest of transverse colon
was not showing proper haustra or taenia coli, also and the
lumen was wider than normal. There was another extreme
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constriction in its proximal part that seemed to be caused
by a peritoneal band.

The duodenum and head of pancreas were intraperitoneal
and the root of the mesentery (RM) observed as being
tucked behind the head of pancreas [Figure 8]; RM was
forming the inferior boundary of the epiploic foramen,
and it was only about 5 cm long; therefore, there were
no supra- and infra-mesenteric peritoneal recesses. The
proximal part of the jejunum was suspended on the
posterior abdominal wall through some peritoneal bands
attaching the transverse mesocolon. Similarly, some other
peritoneal bands were observed from the jejunal mesentery
that had a clear attachment to the parietal peritoneum in
front of the sacral promontory [Figure 9].

The left side of the abdominal cavity showed no deviation
from the normal peritoneal and/or intestinal anatomy.

Discussion

Considering embryological development of peritoneum
and intestines, our case is clearly showing extensive

ascending
colon

Figure 6: lllustration of the obliterated part of the embryological mesentery
and intraperitoneal ascending colon representing our case report

embryological variations on both dorsal and ventral
mesenteries [Figure 6]. The parietal peritoneum appears
to be separated from the posterior abdominal wall to
form a peritoneal cyst in front of the right kidney and
attached firmly to its edges and poles by leaving a
wide peritoneal gap on the posterior abdominal wall in
our case [Figures la, 1b and 3]. It is suggestive of a
history of intra-abdominal surgery; however, there was
no scar on the body, and his medical record showed no
history of a surgery or a disease that might have caused
it. The presence of the peritoneal mesothelial cysts
could occur as a result of an inflammatory disease or a
past intra-abdominal surgery.! Our cadaver’s history
showed none of these implications, so we focused more
on a congenital abnormality; however, an undiagnosed
inflammatory disease should also be kept in mind for this
particular case.

Agenesis of vermiform appendix is a very rare condition
with a frequency of 1/100,000. It usually is encountered

\ ﬁ’le um

Ascending <€+—

Figure 5: (a) Small intestines and ascending colon within the mesentery.
(b) Intraperitoneal ascending colon (was placed on the anterior abdominal
wall for demonstration purpose)

Constricfed |
“of transverse .

Proximal
bapd like
" constriction

Figure 7: Transverse colon with its constrictions and twisted mesocolon
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Figure 8: Intraperitoneal duodenum and head of pancreas

incidentally in cases of suspected appendicitis.”! The
vermiform appendix, a narrow diverticulum develops
from the distal end of the cecal bud during the descent
of the colon.’! The anomalies of the vermiform appendix
may be associated with other congenital anomalies such
as jejunal atresia or short bowel syndrome.) Collins
examined 71,000 vermiform appendices and classified
cecum and appendix anomalies in five classes: Type I
showed absence of both cecum and vermiform appendix;
in type II, cecum is rudimentary and there is no vermiform
appendix; in type III, there is normally developed cecum
with an absence of vermiform appendix; and in type IV,
normal cecum accompanies the rudimentary vermiform
appendix. Type V shows an enlarged cecum and absence
of appendix vermiformis,!”! showing great similarity to our
case [Figure 4].

The intraperitoneal ascending colon is usually formed by
a failure of the dorsal mesentery to fuse to the posterior
abdominal wall and remain as intraperitoneal [Figures 3,
Sa, b, and 6]. When an incomplete fusion occurs, the long
mesentery causes abnormal bowel movements that can lead
to volvulus. This may also lead to a retrocolic hernia, which
is caused by a compression of the small bowel folding in
the retrocecal pocket.®] There is neither retrocecal recess
nor right paracolic gutter in our case as both cecum and
ascending colon continues intraperitoneal.

The intraperitoneal duodenum and head of pancreas in our
cadaver also remind a congenital anomaly showing the
rotated midgut has failed to fuse with the abdominal wall
and left the duodenum intraperitoneal. The RM was 5 cm
long located behind head of the pancreas; thus, the right
paracolic gutter, right infracolic, and left infracolic spaces
were united. This situation can clinically cause very serious
consequences when considered the abdominal interventions
such as peritoneal dialysis;* however, furthermore, there is
an extensive gap on the parietal peritoneum on the body
cavity in our cadaver [Figure 2] that can cause even more
serious conditions in the abdominal organs.

Figure 9: Peritoneal bands

Transverse colon had constricted part that was about
12 cm long at its distal 1/3™ [Figure 7]. The wall was thick
enough to almost obstruct the lumen; taeniae and haustrae
were interrupted. It reminded developmental intestinal
stenosis that may occur from vascular accidents in the
embryological period. Problems to expression of HOX
genes and some receptors in the fibroblast growth factor
family are held responsible as the reason for these vascular
accidents during bowel differentiation. This is observed in
20% of intestinal atresia and stenosis cases. In our case,
the part of the transverse colon before the constriction was
wider than usual. Aganglionic megacolon or Hirschsprung
disease is an intestinal disorder characterized by the failure
of enteric ganglion cells to migrate completely during
intestinal development; hence, the aganglionic segment of
the colon fails to relax, causing intestinal stenosis as seen in
our case. A rare type of the aganglionic colon named zonal
segmental aganglionosis was first described by Tiffin et al.
in 1940. In such cases, the presence of myenteric ganglionic
cells can be detected proximal and distal to the aganglionic
segment. Around 95% of the patients are diagnosed in early
childhood; however, patients may remain undiagnosed until
adulthood. To be accurate, our case needs to be examined
histopathologically for the presence of aganglionic segment;
however, a histopathological observation could not be
done due to technical problems. The factors resulting in
the intestinal obstructions can be several: adhesions from
previous surgery, malrotation of midgut, tumors, hernias,
inflammatory bowel disease, Crohn’s disease, chronic
constipation, volvulus, intussusception, etc.””! A volvulus is
caused by a twisted colon and its mesentery and resulted
with ischemia, yet the presented part of the transverse
colon did not show any ischemia, although we observed
twisted mesocolon which reminds a volvulus, particularly
considering the transvers colon’s increased volume caused
its haustras to be disappeared [Figure 7].1

Peritoneal bands or adhesions can cause compression
within the abdominal cavity; they also are known as Ladd’s
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bands and found because of failure of the embryonic
mesentery to be obliterated properly,!'”! so the persistence
of the parts of embryonic mesentery remains as the
peritoneal bands. Depending on their route and extent,
they may cause serious intra-abdominal problems such as
intestinal obstructions, volvulus, extensive intra-abdominal
pressure and pain, herniation, strangulation, constipation,
diarrhea, etc. According to Nyakirugumi and Nduhiu,
congenital peritoneal bands are the main reason for 3% of
intestinal obstructions.t! When we consider the amount of
the observed peritoneal bands in our case, there is a high
probability of them, leading to a possible transverse colon
volvulus.

Conclusion

Peritoneal and intestinal variations may not cause any
clinical symptoms, so the prevalence of them may not
be accurate. Peritonitis caused by perforation, ischemia,
pancreatitis, and/or anastomotic leakage are some of
the surgical emergencies affecting the entire peritoneal
cavity. If the patient’s peritoneal course and relationship
to the organs show similar variation/s, as in our case,
infection can easily spread, and the clinical symptoms
may be worse than expected. Peritoneal structures such
as ligaments, mesenteries, omenta, and peritoneal recesses
can be a boundary for the infection spread depending on
their location and conditional situations; however, our case
express a great potential for the strangulations, volvulus,
extensive peritonitis as there were some missing recesses
due to the lack of proper root of mesentery and existence
of many peritoneal bands. Furthermore, the missing parietal
peritoneum on the right side was a great threat to the kidney
and ureters. The several peritoneal strings and the abnormal
peritoneal recesses around the intestines are surgically
important as they may strangulate the bowel parts causing
internal abdominal hernias. Although there are reports on
individual variations such as intraperitoneal ascending
colon, intestinal volvulus, peritoneal bands, and agenesis of
vermiform appendix, there are no reports in the literature
on the co-occurrence of them all in the same individual. We
could not find any report such as a renal peritoneal sac in
the literature. The overwhelming amount of the variations
and our cadaver’s age is controversial, yet this might be
considered as an undiagnosed case that strongly emphasizes
the importance of being aware of these variations as each
one of them may cause serious complications during

surgical interventions such as pancreaticoduodenectomy
and distal/total pancreatectomy for an extensive tumor
involvement throughout the entire pancreas/kidney or
laparoscopic abdominal interventions. Atypical location of
the RM may affect the way of cancer metastasis on related
organs.’! Keeping the potential peritoneal variations in
mind when going through an abdominal imaging process
for any of the mentioned diseases and/or operations may
prevent any possible misdiagnosis and/or mistreatment for
such unfortunate case.
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Supplementary Figure 1: The boundary of the missing parietal peritoneum
on the anterior abdominal wall

Supplementary Figure 2: Right kidney with peritoneal sac and missing
parietal peritoneum on the posterior abdominal wall
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Unilateral Absence of Round Ligament of Femur - Cadaveric Case Report

Abstract

Round ligament of femur is a pyramidal structure with apex attached to the fovea of the femoral head
and its base blends with the transverse acetabular ligament. It is an intracapsular but extrasynovial
structure. It is also called ligamentum teres femoris or foveal ligament. It transmits the acetabular
branch of obturator artery and also acts as a secondary stabilizer of the hip joint by supplementing
the other ligaments of the hip joint in extreme range of motion. Absence of round ligament of femur
is a rare variation which can be unilateral or bilateral and prevalence is 2%-3%. It presents rarely
as isolated entity or in association with congenital dysplasia of the hip. This report presents a rare
variation of unilateral absence of round ligament of femur with minimal evidence of developmental
dysplasia of the hip. During routine dissection of a middle-aged cadaver, on opening the hip joint
cavity, the round ligament of femur was absent on the left side whereas, acetabular labrum and
femoral head were normal. On the right side, the lower limb was normal in position and round
ligament of femur was present in normal length and thickness. Awareness and knowledge of such a
rare variation are important for radiologists and orthopedicians for better diagnosis and management

of hip-related problems.

Keywords: Acetabular branch of obturator artery, fovea capitis, foveal ligament, hip joint,

ligamentum teres femoris, total hip replacement

Introduction

Round ligament of femur was initially
thought to be a vestigial structure but
now its importance and interest have been
increasing since it was found to be acting
as a secondary stabilizer of the hip joint.
With an increase in the use of arthroscopy
in surgical management, recent studies
have concluded that repairing ligamentum
teres will provide more stability to the hip
in case of any tears. In this background,
knowledge about round ligament of femur
is very important.

Round ligament of femur although very
small, it is quite strong ligament. It is a
pyramidal structure with apex attached
to the fovea of the femur head and its
base is blending with the transverse
acetabular ligament. It is an intracapsular
but extrasynovial structure. It is also
called ligamentum teres femoris or foveal
ligament. Its mean length is 30-35 mm.!"! It
transmits the acetabular branch of obturator
artery, but now recent studies have proven
that it also acts as a secondary stabilizer
of the hip joint by supplementing the other
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ligaments of the hip joint in extreme range
of motion.**

Absence of round ligament of femur is a
very rare variation with the prevalence of
2.8% in Asian population.”’ Absence can
be unilateral or bilateral. Unilateral absence
is more common when compared with the
absence on both sides.®! Rarely, it will be
presented as isolated entity and very often
associated with developmental dysplasia of
the hip.

Since it is very rare variation, this case
reports unilateral absence round ligament
of femur with minimal evidence of
developmental dysplasia of the hip. To the
best of my knowledge, this was the first
case report of unilateral absence of round
ligament and associated developmental
dysplasia of the hip in India. This variation
is important for radiologists and surgeons.

Case Report

During routine dissection of the lower limb
of an approximately 55-year-old Indian
adult male cadaver in the Department of
Anatomy, Pondicherry Institute of Medical
Sciences. General examination of both
limbs showed that the left lower limb was
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slightly laterally rotated, even though there was no obvious
limb length discrepancy or any evidence of previous hip
surgeries.

Muscles near both hip joints were dissected out. On opening,
the left hip joint by dissecting the iliofemoral ligament, femur
head came out immediately without any resistance. Femur
head was normal with a complete round contour, smooth
surface with normal fovea capitis but the round ligament of
femur was absent as shown in Figure 1. Acetabular cavity
was also smooth without any evidence of attachment of
ligament. Acetabular cup and Acetabular labrum appeared
normal. Absence of round ligament of femur was confirmed
after discussing with orthopedic surgeon.

Dissection of the right hip joint was proceeded after
dissection of iliofemoral ligament, femoral head was
observed to be present inside the acetabular cavity and
round ligament of femur was present as shown in Figure 2.
Because of the presence of the ligament, femoral head did
not come out immediately on opening the hip joint. The
round ligament of femur was pyramidal in the shape of
normal thickness and was well formed. Apex is attached
to the fovea capitis and the base was blending with the
transverse acetabular ligament. The head of femur was
round and normal in contour. Acetabular cavity was
normal. Acetabular labrum was normal.

After disarticulating both lower limbs, diameter and the
depth of the acetabular cup of both sides were measured
and tabulated in Table 1. All the findings in the specimen
were photographed and documented.

The left acetabular cavity was found to be shallower than
the right acetabular cavity.

Discussion

This report presents the absence of round ligament of femur
associated with minimal evidence of developmental dysplasia
of the hip. Absence of round ligament of femur is an
uncommon variation. Several authors have reported about the
biomechanics of round ligament of femur and management
modalities for tears but there are very few studies about the
incidence of absence of the round ligament of femur and

Figure 1: (a) Left femur head, arrow shows fovea capitis (b) left acetabular
cavity with no attachment of any ligament. FC — Fovea capitis

so the absence was reported to be 2.8%."" Normally, the
ligamentum teres femoris will be formed by the proliferation
of mesenchymal cells around the hip joint. Failure of this
proliferation is the possible explanation for the absence of
round ligament of femur on the left side. As the femoral
head was normal and well-formed along with fovea capitis,
absence of round ligament was considered to be congenital,
especially in the absence of any evidence of surgery. Most of
the instances, fovea capitis will be hyoplastic if ligamentum
teres is absent but in this case the fovea capitis is well
developed.

Initially, it was thought that the main function of round
ligament of femur was to transmit acetabular branch of
obturator artery which supplies proximal portion of femoral
head. However, contribution of this artery to the femoral
head is very minimal only to the small subfoveal zone.”
Due to the absence of round ligament of femur, acetabular
branch of obturator artery is also absent. Major portion of
blood supply of femur head is contributed by epiphyseal
arteries. In adults, the epiphyseal arteries form an increased
number of anastomosis around the femur head. Hence,
absence of the acetabular branch of obturator artery would
not be a major concern since it supplies only a minimal
proximal portion of the femoral head and its absence would
be compensated by the increased number of anastomosis
around the femoral head by the epiphyseal arteries.

Although acetabular cavity appeared normal, left acetabular
cavity is 0.7 cm shallower than the right acetabular cavity
which raises a suspicion, as to whether there was an

Table 1: Acetabular cup measurements

Left side Right side
Surface area (cm?) 21.24 21.24
Depth (mm) 25 32

Figure 2: (a) Femur head on both sides, blue arrow showing presence of
ligamentum teres, red arrow showing absence of ligamentum teres. (b) Right
femur head, arrow shows round ligament of femur. (c) Right acetabular
cavity with the attachment of ligamentum teres. LT — ligamentum teres
femoris
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associated developmental dysplasia of the hip. However,
in the absence of indications of surgery and because
of the normal contour of the femoral head, associated
developmental dysplasia was not considered. Other than
shallow acetabular cavity on the left side, there are no
other findings of developmental dysplasia of the hip.
However, this shallow acetabular cavity is not ignorable
because 18.67% of developmental dysplasia of the hip was
associated with absent ligamentum teres femoris.['")

Hence, in this case, he could have had developmental
dysplasia of the hip in childhood which could have
been treated conservatively which explains the normal
femur head development and almost normally appearing
acetabular cavity and explains the extremely laterally
rotated left lower limb. Cause for this developmental
dysplasia of the hip is attributed to be congenital. To
conclude, observations in this case could be due to treated
developmental dysplasia of the hip with associated absence
of round ligament of femur on the left side.

The clinical significance of this ligamentum teres femoris
is it acts as secondary stabilizer of the hip joint. In living
beings, isolated absence of ligamentum teres femoris will be
asymptomatic. If this absence of ligamentum teres femoris
is associated with any osseous abnormalities, then the
person will have hip instability and gait changes commonly
like limping gait.®! In this case, findings of developmental
dysplasia of hip associated with absent round ligament of
femur on the left side and with extremely laterally rotated
left lower limb raises a suspicion that person could have
had limping gait.

Conclusion

There is unilateral absence of round ligament of femur
associated with minimal evidence of developmental
dysplasia of hip which is very rare. Cause of both could
be congenital. To the best of our knowledge, this is the
first case to report such variation in India. The knowledge
of this variation will be important for radiologists and
orthopedicians in the management of hip-related problems.
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- Letter to Editor

An Optimal Palpation Method to Locate the Pubic Tubercle

Pubis is an angulated bone. It comprises a body, superior,
and inferior ramus. Superior ramus helps in the formation
of acetabulum. The thickening on the superior border of
the body is the pubic crest and the most lateral prominent
swelling of the pubic crest is named pubic tubercle (PT).

PTs are insertion points for inguinal ligament which extends
from the anterior superior iliac spine (ASIS). Furthermore,
the anterior pelvic plane which is a practical reference
plane for pelvic orientation in space is constituted by a
tangent passing between two ASIS and PTs."! In an ideal
body posture, this plane is expected to be perpendicular
to the ground. This is also the anatomical position of the
hip bone. In the clinical setting, PT is used as a landmark
for planning of inguinal lymphadenectomy, open inguinal
hernia repair, obturator nerve block, and elevation of
superficial circumflex iliac artery perforator flaps.

Faulty posture and associated multiple musculoskeletal
diseases have been related to nonideal pelvis position.™
Asymmetry within the pelvic structures is believed to lead
to a cascade of postural compensations predisposing the
individual to numerous neuromusculoskeletal
dysfunctions.’! Displacement of the anterior pelvic plane
in a horizontal axis is defined as pelvic tilt. In a normal,
asymptomatic population, anterior pelvic tilt was found
among 85% of male and 75% of female participants, the

tilt degree was in the range of 6°-7° for both sexes.) If a
patient has a pelvic tilt, the anterior pelvic plane cannot be
aligned parallel to the table on which the patient is lying.

In 2016, it was estimated for the global adult population,
39% of males and 40% of females were to be overweight.!”
We have been observing a similar increase in body mass
index (BMI) among our inpatients.

This tendency of increased BMI hinders the location of the
bony prominences. In an operation scenario where the patient
is positioned supine, if the patient has an asymptomatic
anterior pelvic tilt and has increased BMI, the superficial
fascial system and the subcutaneous fat within the periphery
of the pelvis will be displaced in an anterior-inferior
direction. Moreover, if PT will be used as a landmark in this
patient, a finger palpation directed from inferior to superior
to locate PT will probably be misleading, as there will be
excessive subcutaneous fat between palpating finger and bony
prominences due to the positional displacement [Figure 1]. To
avoid this pitfall, we suggest, the palpation to be made along
the superior border of pubis and directed laterally. The edge
point of the superior margin will correlate with PT [Figure 2].

We argue that this is a reliable method to locate PT as the
anterior pelvic tilt will most probably go unnoticed during
preoperative patient examination.

Figure 1: Typical palpation method oriented obliquely

Figure 2: Proposed palpation method oriented transversely
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- Letter to Editor JSI

Basic Rules for Naming Sutures

Dear Editor,

The development of skull bones is a process that begins in
the early embryonic period and continues until adulthood.™
The number of bones which consists of 28 parts at birth
decreases to 22 in adults. Since the ossification of the
newborn skull has not yet been completed, the bones are
joined by fibrous or cartilage tissue. In parallel with the
progress of the ossification process, structures that we call
suture will emerge in the region of these fibrous or cartilage
tissues.™

In an adult skull, there are a total of 33 sutures. These are
given collectively under the heading “Suturae cranii” on
page 26 in Terminologia Anatomica (TA).P! Considering
the names of these 33 sutures, some of them are named
according to the course of suture (sutura coronalis, etc.),
some according to the shape (sutura lambdoid), some
according to the structure (sutura squamosa, etc.),
some according to the region (sutura palatina mediana,
sutura palatina transversa, etc.) but most of them are
named according to the names of the bones (sutura
sphenoethmoidalis and sutura frontonasal, etc.).

The names are created by giving the name of two bones
but nomenclature rules about which bone will come first
are not known, today.

In the face of questions from students about this topic, the
lack of satisfactory answers of educators causes problems.
To eliminate this distress to some extent, we aimed to
develop an empirical study on the names of sutures.

The existing sutura names in Nomina Anatomica (NA; this
book contains lists accepted in 1895, 1933, and 1955 in
3 columns),”’ NA (1985), and TA (1998) were compared.
Current rules for naming sutures are empirically introduced.

On page 26 of (TA), there are a total of 34 terms of
suture. (1) The first one is the general title named “Sutura
cranii” coded A03.1.02.001.

(2) The names of the four sutures found in Calvaria have
been put forward by considering the course, shape and
structure of the suture

* A03.1.02.002: Sutura coronalis

e A03.1.02.003: Sutura sagittalis

* A03.1.02.004: Sutura lambdoidea

*  A03.1.02.005: Sutura squamosal.

(3) Some sutures belong to a single bone or formed
between right and left bones of the same name.

A03.1.02.012: Sutura squamomastoidea (also known as
“Fissura tympanomastoidea” because it is not a real suture)
e A03.1.02.023: Sutura internasalis

e A03.1.02.029: Sutura intermaxillaris

e A03.1.02.034:
metopica).

(Sutura frontalis persistens; Sutura

(4) When sutures belonging to the palate (or sutures
including “os palatinum”) are named, the palate is taken as
the basis

e AO03.1.02.03: Sutura palatoethmoidalis

e A03.1.02.030: Sutura palatomaxillaris

e A03.1.02.032: Sutura palatina mediana

e A03.1.02.033: Sutura palatina transversa.

(5) While the 21 remaining sutures were named, the names
of the bones that make up the suture are used together.
In this way, the question of which bone’s name will take
the first and which bone’s name will take place at the
end comes up. We conducted our study to find reasonable
answers to this question.

In our empirical examination, we identified four different
criteria and obtained the following results.

(A) In anatomical terminology, some of the bones receive
“o0s” while others do not receive “o0s.” Bones receiving
0s:” os frontale, os parietale, os occipitale, os temporale,
os ethmoidale, os sphenoidale, os lacrimal, os palatinum,
os zygomaticum and os nasale, bones without “0s:” concha

nasalis inferior, vomer, maxilla, and mandibula

113

If a suture occurs between a bone that receives “os” and a
bone that does not receive “os,” the bone that receives “os”
always comes first.

These include:

* A03.1.02.015: Sutura frontomaxillaris

* A03.1.02.018: Sutura zygomaticomaxillaris
e A03.1.02.019: Sutura etmoidomaxillaris

e A03.1.02.021: Sutura sphenovomeralis

* A03.1.02.023: Sutura sphenomaxillaris

e A03.1.02.026: Sutura nasomaxillaris

e A03.1.02.027: Sutura lacrimomaxillaris

* A03.1.02.028: Sutura lacrimoconchalis.

(B) If one of the bones that make up the suture belongs
to the neurocranium and the other belongs to the
viscerocranium, the name of the bone belonging to the
neurocranium always comes first

These include:

* A03.1.02.013: Sutura frontonasalis

e A03.1.02.016: Sutura frontolacrimalis

* A03.1.02.017: Sutura frontozygomatica

* A03.1.02.020: Sutura ethmoidolacrimalis
e A03.1.02.022: Sutura sphenozygomatica

* A03.1.02.024: Sutura temporozygomatica
e A03.1.02.015: Sutura frontomaxillaris

* A03.1.02.019: Sutura etmoidomaxillaris
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* A03.1.02.021: Sutura sphenovomeralis
* A03.1.02.023: Sutura sphenomaxillaris.

There are 10 sutures in this group, but 4 of them
(A03.1.02.015: Sutura frontomaxillaris, A03.1.02.019:
Sutura etmoidomaxillaris, A03.1.02.021: Sutura
sphenovomeralis, A03.1.02.023: Sutura sphenomaxillaris)
were included in group A before. There are 6 sutures in this
group (which were not previously in any group).

(C) When naming a suture formed between the general
name of a bone and a part of another bone, the general
name comes first.

These include:

* A03.1.02.005: Sutura occipitomastoidea
* A03.1.02.008: Sutura sphenosquamosa

e A03.1.02.011: Sutura pariectomastoidea.

(D) There are a total of 4 sutures that do not comply with
the above 3 rules. The placement of the bones in the skull is
taken into account when naming these sutures. The ones in
the center of the skull come first and then the ones around.

These include:

* A03.1.02.006: Sutura sphenofrontalis

e A03.1.02.007: Sutura sphenoethmoidalis
e A03.1.02.009: Sutura sphenoparietalis

* A03.1.02.014: Sutura frontoethmoidalis.

Anatomical terms and clinical terms based on them form
the basis of communication between people who are
engaged in medical science and education in all over the
world.B® Therefore, created terms must comply with
certain rules to make this communication in a healthy way.

In TA, which we use today, two of the sutures (sutura
ethmoidal lacrimalis and sutura sphenovomeralis) named
after two bones are present but they are not present in 1895
BNA, 1933 INA, and 1955 PNA. However, it is available
in Six Edition NA. The names of some sutures accepted in
the BNA (sutura nasofrontalis, sutura zygomaticofrontalis,
and sutura temporozygomatica) have been changed to the
present state (sutura frontonasalis, sutura frontozygomatica,
and sutura temporozygomatica) since they do not comply
with the rule B we identified above.

Today, however, students may have difficulty in
understanding anatomical terms, and faculty members
sometimes have difficulty in answering the question of
why from students. In this study, we tried to answer the
questions of why. We hope that this study will benefit the
new generation of anatomists.
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- Letter to Editor JASI

Why Should Anatomists Underline the Geometry of Some Special

Structures?

Dear Editor,

For most of the anatomists, gross anatomy and dissections
are cornerstones of traditional medical education. But,
we know that exponential growth in medical literature
and technological developments have been changing our
way of thinking and teaching methods. Gross anatomy
education should integrate the traditional and innovative
methods today. The development of digital sources such as
animations, videos, and three-dimensional reconstructions
helps us to deliver more anatomical information during
lectures and courses. !

Then comes the question: does the morphology, shape,
or geometry of a structure draw any attention to the
functional anatomy? This is a good step of learning in
medical education; combining the knowledge with the
conceptualization by asking the reasons.

Anatomists should underline the geometry of some special
structures: Hepatocytes and hepatic lobules are attractive
structures concerning the revision of functional anatomy
literature. The parenchyme of the liver plays a crucial role
in bile production, protein synthesis, chemical processing
of molecules of the body itself, and foreign substances.
The hepatocytes form the critical cell layer between the
sinusoids and the bile canaliculi. They have a unique
polarity with the basal membrane facing the sinusoid
endothelium, while one or more apical poles can contribute
to several bile canaliculi.’! Hepatocytes are polygonal in
shape and their outer membrane has many facets: two or
three facets are in contact with the space of Disse, while
the remaining facets make contact with adjacent liver
cells. Bile canaliculi run between adjacent hepatocytes.
The establishment of hepatocyte polarity and geometry is
essential to explain many functions, but this explanation
is not enough to understand the relation between physics
and functions of the liver. Four to six wedge-shaped
hepatocytes arranged in cords are located around the bile
canaliculi. Hepatocyte cords and sinusoids run along each
other in a branching and interlocking fashion that increases
the metabolic interchange between the blood and bile
systems. The hepatic lobule is a hexagon with portal triads
at each corner. In the hepatic lobular system, periportal
areas are supplied by the branches of the hepatic artery and
the portal vein to the periphery and the central vein to the
center of the lobule which results in centripetal blood flow.
The bile flows centrifugally toward the periphery. Another

functional concept is the liver acinus: a diamond-shaped
area supplied by the terminal branches of hepatic artery
and portal vein. This small unit is important for describing
functional and pathological changes of many clinical
conditions. Its short axis runs along the borders of hepatic
lobules, and its imaginary long axis is located between the
two central veins. Hepatocytes are located in three elliptical
zones around the short axis.B

The systems of lobulation and acinus formation
complementing each other prompt the hypothesis that
histology dealing with polarity and geometry can be linked
to gross anatomy integrating functional modulation. This
way of learning anatomy makes hepatocytes and the liver
itself highly valuable subjects of medical, biological, and
pharmaceutical researches. In vitro models of hepatocyte
arrangements would be of great importance to understand
the physiological functions of the liver and the pathological
processes of liver diseases.

The aim of this letter is to encourage the young anatomists
to learn microscopical anatomy with gross anatomy
and functional anatomy with pathology to drive many
researches with the clinicians. Liver is a perfect example
to begin...

Financial support and sponsorship
Nil.

Conflicts of interest

There are no conflicts of interest.

Aysegul Firat, Hatice Yasemin Balaban'

Departments of Anatomy and 'Gastroenterology, Faculty of Medicine,
Hacettepe University, Ankara, Turkey

Address for correspondence: Dr. Aysegul Firat,

Department of Anatomy, Faculty of Medicine, Hacettepe University,
Ankara 06100, Turkey.

E-mail: aysfirat@hacettepe.edu.tr

References

1. Aziz N, Mansor O. The role of anatomists and surgeons in
clinical anatomy instruction inside and outside the operating
room. Malays J Med Sci 2006;13:76-7.

2. Gissen P, Arias IM. Structural and functional hepatocyte polarity
and liver disease. J Hepatol 2015;63:1023-37.

3. Sun P, Zhang G, Su X, Jin C, Yu B, Yu X, ef al. Maintenance of
primary hepatocyte functions iz vitro by inhibiting mechanical

158 © 2022 Journal of the Anatomical Society of India | Published by Wolters Kluwer - Medknow



Letter to Editor

tension-induced YAP activation. Cell Rep 2019;29:3212-22.¢4. This is an open access journal, and articles are distributed under the terms of the
4. Erwin K, Hans-Dieter K. Hepatology: Textbook and Atlas. 3 ed. Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows
Heidelberg: Springer Medizin Verlag; 2008. p. 26-8. others to remix, tweak, and build upon the work non-commercially, as long as

appropriate credit is given and the new creations are licensed under the identical

5. William KO, Patrick CN. Netter’s Essential Histology. 2™ ed. terms.

Philadelphia: Elsevier Sauders; 2013. p. 314-6.
Article Info

Received: 19 December 2020
Accepted: 21 December 2021
Available online: 30 June 2022

Access this article online

Quick Response Code:

Website: www.jasi.org.in

DOI: 10.4103/jasi.jasi_269 20

How to cite this article: Firat A, Balaban HY. Why should anatomists
underline the geometry of some special structures? J Anat Soc India
2022;71:158-9.

© 2022 Journal of the Anatomical Society of India | Published by Wolters Kluwer - Medknow

Journal of the Anatomical Society of India | Volume 71 | Issue 2 | April-dJune 2022 159



- Instructions to Author

The Editorial Process

A manuscript will be reviewed for possible publication
with the understanding that it is being submitted to Journal
of the Anatomical Society of India alone at that point in
time and has not been published anywhere, simultaneously
submitted, or already accepted for publication elsewhere.
The journal expects that authors would authorize one
of them to correspond with the Journal for all matters
related to the manuscript. All manuscripts received are
duly acknowledged. On submission, editors review all
submitted manuscripts initially for suitability for formal
review. Manuscripts with insufficient originality, serious
scientific or technical flaws, or lack of a significant
message are rejected before proceeding for formal peer-
review. Manuscripts that are unlikely to be of interest to
the Journal of the Anatomical Society of India readers are
also liable to be rejected at this stage itself.

Manuscripts that are found suitable for publication in
Journal of the Anatomical Society of India are sent to
two or more expert reviewers. During submission, the
contributor is requested to provide names of two or three
qualified reviewers who have had experience in the subject
of the submitted manuscript, but this is not mandatory. The
reviewers should not be affiliated with the same institutes as
the contributor/s. However, the selection of these reviewers
is at the sole discretion of the editor. The journal follows
a double-blind review process, wherein the reviewers
and authors are unaware of each other’s identity. Every
manuscript is also assigned to a member of the editorial team,
who based on the comments from the reviewers takes a final
decision on the manuscript. The comments and suggestions
(acceptance/ rejection/ amendments in manuscript) received
from reviewers are conveyed to the corresponding author. If
required, the author is requested to provide a point by point
response to reviewers’ comments and submit a revised version
of the manuscript. This process is repeated till reviewers and
editors are satisfied with the manuscript.

Manuscripts accepted for publication are copy edited for
grammar, punctuation, print style, and format. Page proofs
are sent to the corresponding author. The corresponding
author is expected to return the corrected proofs within
three days. It may not be possible to incorporate
corrections received after that period. The whole process of
submission of the manuscript to final decision and sending
and receiving proofs is completed online. To achieve faster
and greater dissemination of knowledge and information,
the journal publishes articles online as ‘Ahead of Print’
immediately on acceptance.

Clinical trial registry

Journal of the Anatomical Society of India favors
registration of clinical trials and is a signatory to the
Statement on publishing clinical trials in Indian biomedical

journals. Journal of the Anatomical Society of India
would publish clinical trials that have been registered
with a clinical trial registry that allows free online access
to public. Registration in the following trial registers
is acceptable: http://www.ctri.in/;  http://www.actr.org.
au/; http://www.clinicaltrials.gov/; http://isrctn.org/; http://
www.trialregister.nl/trialreg/index.asp; and  http://www.
umin.ac.jp/ctr. This is applicable to clinical trials that have
begun enrollment of subjects in or after June 2008. Clinical
trials that have commenced enrollment of subjects prior to
June 2008 would be considered for publication in Journal
of the Anatomical Society of India only if they have been
registered retrospectively with clinical trial registry that
allows unhindered online access to public without charging
any fees.

Authorship Criteria

Authorship credit should be based only on substantial
contributions to each of the three components mentioned
below:

1. Concept and design of study or acquisition of data or
analysis and interpretation of data;

2. Drafting the article or revising it critically for important
intellectual content; and

3. Final approval of the version to be published.

Participation solely in the acquisition of funding or the
collection of data does not justify authorship. General
supervision of the research group is not sufficient for
authorship. Each contributor should have participated
sufficiently in the work to take public responsibility for
appropriate portions of the content of the manuscript. The
order of naming the contributors should be based on the
relative contribution of the contributor towards the study
and writing the manuscript. Once submitted the order
cannot be changed without written consent of all the
contributors. The journal prescribes a maximum number
of authors for manuscripts depending upon the type of
manuscript, its scope and number of institutions involved
(vide infra). The authors should provide a justification, if
the number of authors exceeds these limits.

Contribution Details

Contributors should provide a description of contributions
made by each of them towards the manuscript. Description
should be divided in following categories, as applicable:
concept, design, definition of intellectual content, literature
search, clinical studies, experimental studies, data
acquisition, data analysis, statistical analysis, manuscript
preparation, manuscript editing and manuscript review.
Authors’ contributions will be printed along with the
article. One or more author should take responsibility for
the integrity of the work as a whole from inception to
published article and should be designated as ‘guarantor’.

160 © 2022 Journal of the Anatomical Society of India | Published by Wolters Kluwer - Medknow



Instructions to Author

Conflicts of Interest/ Competing Interests

All authors of must disclose any and all conflicts of interest
they may have with publication of the manuscript or an
institution or product that is mentioned in the manuscript
and/or is important to the outcome of the study presented.
Authors should also disclose conflict of interest with
products that compete with those mentioned in their
manuscript.

Submission of Manuscripts

All manuscripts must be submitted on-line through the
website https://review.jow.medknow.com/jasi. First time
users will have to register at this site. Registration is free
but mandatory. Registered authors can keep track of their
articles after logging into the site using their user name and
password.

» If you experience any problems, please contact the
editorial office by e-mail at editor@jasi.org.in

The submitted manuscripts that are not as per the
“Instructions to Authors” would be returned to the authors
for technical correction, before they undergo editorial/
peer-review. Generally, the manuscript should be submitted
in the form of two separate files:

[1] Title Page/First Page File/covering letter:
This file should provide

1. The type of manuscript (original article, case
report, review article, Letter to editor, Images, etc.)
title of the manuscript, running title, names of all
authors/ contributors (with their highest academic
degrees, designation and affiliations) and name(s) of
department(s) and/ or institution(s) to which the work
should be credited, . All information which can reveal
your identity should be here. Use text/rtf/doc files. Do
not zip the files.

2. The total number of pages, total number of photographs
and word counts separately for abstract and for the
text (excluding the references, tables and abstract),
word counts for introduction + discussion in case of an
original article;

3. Source(s) of support in the form of grants, equipment,
drugs, or all of these;

4. Acknowledgement, if any. One or more statements
should specify 1) contributions that need acknowledging
but do not justify authorship, such as general support by
a departmental chair; 2) acknowledgments of technical
help; and 3) acknowledgments of financial and material
support, which should specify the nature of the
support. This should be included in the title page of the
manuscript and not in the main article file.

5. If the manuscript was presented as part at a meeting,
the organization, place, and exact date on which it was
read. A full statement to the editor about all submissions
and previous reports that might be regarded as

redundant publication of the same or very similar work.
Any such work should be referred to specifically, and
referenced in the new paper. Copies of such material
should be included with the submitted paper, to help the
editor decide how to handle the matter.

6. Registration number in case of a clinical trial and where
it is registered (name of the registry and its URL)

7. Conflicts of Interest of each author/ contributor. A
statement of financial or other relationships that might
lead to a conflict of interest, if that information is
not included in the manuscript itself or in an authors’
form

8. Criteria for inclusion in the authors’/ contributors’ list

9. A statement that the manuscript has been read and
approved by all the authors, that the requirements for
authorship as stated earlier in this document have been
met, and that each author believes that the manuscript
represents honest work, if that information is not
provided in another form (see below); and

10.The name, address, e-mail, and telephone number
of the corresponding author, who is responsible for
communicating with the other authors about revisions
and final approval of the proofs, if that information is
not included on the manuscript itself.

[2] Blinded Article file: The main text of the article,
beginning from Abstract till References (including tables)
should be in this file. The file must not contain any mention
of the authors’ names or initials or the institution at which
the study was done or acknowledgements. Page headers/
running title can include the title but not the authors’
names. Manuscripts not in compliance with the Journal’s
blinding policy will be returned to the corresponding
author. Use rtf/doc files. Do not zip the files. Limit the
file size to 1 MB. Do not incorporate images in the file.
If file size is large, graphs can be submitted as images
separately without incorporating them in the article file to
reduce the size of the file. The pages should be numbered
consecutively, beginning with the first page of the blinded
article file.

[3] Images: Submit good quality color images. Each
image should be less than 2 MB in size. Size of the
image can be reduced by decreasing the actual height and
width of the images (keep up to 1600 x 1200 pixels or 5-6
inches). Images can be submitted as jpeg files. Do not zip
the files. Legends for the figures/images should be included
at the end of the article file.

[4] The contributors’ / copyright transfer form (template
provided below) has to be submitted in original with the
signatures of all the contributors within two weeks of
submission via courier, fax or email as a scanned image.
Print ready hard copies of the images (one set) or digital
images should be sent to the journal office at the time of
submitting revised manuscript. High resolution images (up
to 5 MB each) can be sent by email.

Journal of the Anatomical Society of India | Volume 71 | Issue 2 | April-dJune 2022 161



Instructions to Author

Contributors’ form / copyright transfer form can be
submitted online from the authors’ area on https://review.
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requirements for Manuscripts submitted to Biomedical
Journals” developed by the International Committee of
Medical Journal Editors (October 2008). The uniform
requirements and specific requirement of Journal of the
Anatomical Society of India are summarized below. Before
submitting a manuscript, contributors are requested to
check for the latest instructions available. Instructions are
also available from the website of the journal (www.jasi.
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manuscripts written in American English.

Copies of any permission(s)

It is the responsibility of authors/ contributors to obtain
permissions for reproducing any copyrighted material.
A copy of the permission obtained must accompany the
manuscript. Copies of any and all published articles or
other manuscripts in preparation or submitted elsewhere
that are related to the manuscript must also accompany the
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Types of Manuscripts
Original articles:

These include randomized controlled trials, intervention
studies, studies of screening and diagnostic test,
outcome studies, cost effectiveness analyses, case-
control series, and surveys with high response rate. The
text of original articles amounting to up to 3000 words
(excluding Abstract, references and Tables) should be
divided into sections with the headings Abstract, Key-
words, Introduction, Material and Methods, Results,
Discussion and Conclusion, References, Tables and
Figure legends.

An abstract should be in a structured format under
following heads: Introduction, Material and Methods,
Results, and Discussion and Conclusion.

Introduction: State the purpose and summarize the
rationale for the study or observation.

Material and Methods: It should include and describe the
following aspects:

Ethics: When reporting studies on human beings, indicate
whether the procedures followed were in accordance
with the ethical standards of the responsible committee
on human experimentation (institutional or regional) and
with the Helsinki Declaration of 1975, as revised in 2000

(available at http://www.wma.net/e/policy/17-c_e.html).
For prospective studies involving human participants,
authors are expected to mention about approval of
(regional/ national/ institutional or independent Ethics
Committee or Review Board, obtaining informed consent
from adult research participants and obtaining assent
for children aged over 7 years participating in the trial.
The age beyond which assent would be required could
vary as per regional and/ or national guidelines. Ensure
confidentiality of subjects by desisting from mentioning
participants’ names, initials or hospital numbers, especially
in illustrative material. When reporting experiments on
animals, indicate whether the institution’s or a national
research council’s guide for, or any national law on
the care and use of laboratory animals was followed.
Evidence for approval by a local Ethics Committee
(for both human as well as animal studies) must be
supplied by the authors on demand. Animal experimental
procedures should be as humane as possible and the
details of anesthetics and analgesics used should be clearly
stated. The ethical standards of experiments must be in
accordance with the guidelines provided by the CPCSEA
and World Medical Association Declaration of Helsinki
on Ethical Principles for Medical Research Involving
Humans for studies involving experimental animals and
human beings, respectively). The journal will not consider
any paper which is ethically unacceptable. A statement on
ethics committee permission and ethical practices must be
included in all research articles under the ‘Materials and
Methods’ section.

Study design:

Selection and Description of Participants: Describe your
selection of the observational or experimental participants
(patients or laboratory animals, including controls) clearly,
including eligibility and exclusion criteria and a description
of the source population. Technical information: Identify
the methods, apparatus (give the manufacturerss name
and address in parentheses), and procedures in sufficient
detail to allow other workers to reproduce the results. Give
references to established methods, including statistical
methods (see below); provide references and brief
descriptions for methods that have been published but are
not well known; describe new or substantially modified
methods, give reasons for using them, and evaluate their
limitations. Identify precisely all drugs and chemicals
used, including generic name(s), dose(s), and route(s) of
administration.

Reports of randomized clinical trials should present
information on all major study elements, including
the protocol, assignment of interventions (methods of
randomization, concealment of allocation to treatment
groups), and the method of masking (blinding), based on
the CONSORT Statement (http://www.consort-statement.

org).
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Reporting Guidelines for Specific Study Designs

Initiative Type of Study Source

CONSORT Randomized http://www.consort-statement.

controlled trials org

Studies of diag- http://www.consort-statement.

nostic accuracy org/stardstatement.htm

QUOROM Systematic
reviews and
meta-analyses

STARD

http://www.consort- state-
ment.org/Initiatives/MOOSE/
moose.pdf statement.org/Ini-
tiatives/MOOSE/moose.pdf

STROBE Observational  http://www.strobe-statement.
studies in epide- org
miology

MOOSE Meta-analyses http://www.consort- state-

of observational ment.org/Initiatives/MOOSE/
studies in epide- moose.pdf
miology

Statistics: Whenever possible quantify findings and present
them with appropriate indicators of measurement error or
uncertainty (such as confidence intervals). Authors should
report losses to observation (such as, dropouts from a clinical
trial). When data are summarized in the Results section,
specify the statistical methods used to analyze them. Avoid
non-technical uses of technical terms in statistics, such as
‘random’ (which implies a randomizing device), ‘normal’,
‘significant’, ‘correlations’, and ‘sample’. Define statistical
terms, abbreviations, and most symbols. Specify the computer
software used. Use upper italics (P 0.048). For all P values
include the exact value and not less than 0.05 or 0.001. Mean
differences in continuous variables, proportions in categorical
variables and relative risks including odds ratios and hazard
ratios should be accompanied by their confidence intervals.

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

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

Discussion: Include summary of key findings (primary
outcome measures, secondary outcome measures, results

as they relate to a prior hypothesis); Strengths and
limitations of the study (study question, study design, data
collection, analysis and interpretation); Interpretation and
implications in the context of the totality of evidence (is
there a systematic review to refer to, if not, could one be
reasonably done here and now?, what this study adds to the
available evidence, effects on patient care and health policy,
possible mechanisms); Controversies raised by this study;
and Future research directions (for this particular research
collaboration, underlying mechanisms, clinical research).

Do not repeat in detail data or other material given in
the Introduction or the Results section. In particular,
contributors should avoid making statements on economic
benefits and costs unless their manuscript includes economic
data and analyses. Avoid claiming priority and alluding to
work that has not been completed. New hypotheses may be
stated if needed, however they should be clearly labeled as
such. About 30 references can be included. These articles
generally should not have more than six authors.

Review Articles:

These are comprehensive review articles on topics related
to various fields of Anatomy. The entire manuscript should
not exceed 7000 words with no more than 50 references
and two authors. Following types of articles can be
submitted under this category:

* Newer techniques of dissection and histology
* New methodology in Medical Education
* Review of a current concept

Please note that generally review articles are by invitation
only. But unsolicited review articles will be considered for
publication on merit basis.

Case reports:

New, interesting and rare cases can be reported. They
should be wunique, describing a great diagnostic or
therapeutic challenge and providing a learning point for the
readers. Cases with clinical significance or implications will
be given priority. These communications could be of up to
1000 words (excluding Abstract and references) and should
have the following headings: Abstract (unstructured),
Key-words, Introduction, Case report, Discussion and
Conclusion, Reference, Tables and Legends in that order.

The manuscript could be of up to 1000 words (excluding
references and abstract) and could be supported with up
to 10 references. Case Reports could be authored by up to
four authors.

Letter to the Editor:

These should be short and decisive observations. They
should preferably be related to articles previously published
in the Journal or views expressed in the journal. They
should not be preliminary observations that need a later
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paper for validation. The letter could have up to 500 words
and 5 references. It could be generally authored by not
more than four authors.

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

Other:

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

References

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

Articles in Journals

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

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

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

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

Parasites & Vectors 2009; Suppl 1:S2.
Books and Other Monographs

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

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

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

Electronic Sources as reference

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

Tables

* Tables should be self-explanatory and should not
duplicate textual material.

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

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

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

* Explain in footnotes all non-standard abbreviations that
are used in each table.

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

* For footnotes use the following symbols, in this
sequence: *, f, L, §, LY, **, +, {1

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

Ilustrations (Figures)

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

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

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

* Symbols, arrows, or letters used in photomicrographs
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should contrast with the background and should be
marked neatly with transfer type or by tissue overlay
and not by pen.

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

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

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

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

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

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

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

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

Protection of Patients’ Rights to Privacy

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

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

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

2. If the manuscript contains patient images that preclude
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