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- Editorial

Parkinson’s Disease Revisited

Parkinson’s disease (PD) is a brain disorder that causes
unintended/uncontrollable movements such as shaking/
tremors, stiffness, and difficulty in balance and coordination.
It was named so by an eminent neurologist, Dr. Jean-Martin
Charcot, in 1817 after the name of a London Doctor, James
Parkinson after his death, who had published a detailed
essay on Shaking Palsy. Although James Parkinson himself
had suggested the name “paralysis agitans,” it was “PD”
that struck, as given by Charcot.

PD is responsible for parkinsonism in about 85% of the
cases; hence, it is also called “primary parkinsonism.”
Parkinsonism is an umbrella term used for all neurological
disorders that produce signs and symptoms more or less
similar to PD.!!

PD is the most common neurological disorder, second only
to Alzheimer’s disease. It is a chronic progressive disecase
that causes major disability and untimely death. PD is not
as fatal as the condition itself; however, the complications
that arise from it, namely, infection (pneumonia) and
falls (fractures), can be fatal.

It affects about 1.2 million Americans yearly in the U.S.
and rising both in incidence and prevalence. It affects more
males than females above the age of 65 years.

Etiology

It is well-known that PD occurs due to neurodegeneration
of pigmented dopaminergic nerve cells of the pars
compacta of the substantia nigra of the midbrain — the site
of maximus production of dopamine in the brain.

This, in turn, leads to a deficiency of dopamine in the
corpus striatum, a cluster of nuclei, namely, the caudate
nucleus, putamen, and globus pallidus, which form part of
the basal nuclei of the cerebral cortex.

As we all know, dopamine is a neurotransmitter that transmits
messages between nerves, which not only control muscle
movements but are also involved in the pleasure and reward
centers of the brain. The decreased level of dopamine in the
corpus striatum leads to various signs and symptoms of PD.

There is no definitive cause of PD known so far; hence,
it is also called “idiopathic parkinsonism.” However, some
factors are linked to it as under:

Age

As we age, it is normal for nerve cells of the substantia
nigra to die, but normally it happens at a very slow rate;
however, in some people, it occurs at a faster rate, and
once 50%—-60% of nerve cells die, the symptoms of PD
begin, which progress with age. PD usually affects people
above 65 years of age.

Genetic factors

These are either autosomal dominant or autosomal
recessive. Individuals with a parent or sibling, who is
affected with PD, have more chances to suffer from it.
About 10%—-20% of PD cases are linked to genetic causes.

Environmental factors

These include exposure to pesticides, heavy metals, and
detergents.

Head trauma

Repeated head trauma may also be a cause of PD; for
example, the world-famous boxer, Mr. Mohammed Alj,
suffered from PD.

Gender

Men are more likely to suffer from PD than women.

Clinical Presentation

The PD presents the

symptoms:“

* Resting tremors | Shaking of hands; often associated
with pill-rolling movements of the opposed thumb and
index fingertip

o Lead pipe or cog wheel type of muscular rigidity
associated with stiff scuffling gait and stooped posture

* Bradykinesia leading to a general slowing down of
movements and absence of associated movements like
arm-swinging during walking and difficulty in getting
up from the chair

» Postural instability and fall due to loss of balance.

following MAIN signs and

Additional symptoms: these may include:
» Depression, dissatisfaction, and anxiety
* Insomnia (sleeping problems)

* Erectile dysfunction

* Hyperhidrosis (excessive sweating)

* Dysphagia (difficulty in swallowing)

* Excessive drooling of saliva

» Urinary incontinence

* Dementia

* Cognitive amnesia.

Investigations

There are no laboratories or imaging tests for a definitive
diagnosis of PD. However, earlier DaTscan, single-photon
emission computed tomography, and magnetic resonance
imaging of the brain were done to rule out the diseases
that mimic PDs such as corticobasal syndrome, Lewy
bodies, essential tremor, multiple system atrophy, and
arteriosclerotic parkinsonism.

© 2023 Journal of the Anatomical Society of India | Published by Wolters Kluwer - Medknow 185
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Recently, a new laboratory test analyzing the brain and
spinal cord cerebrospinal fluid for clumps of protein called
alpha-synuclein can accurately detect PD.

Diagnosis

PD is wusually diagnosed based on medical history,
performing medical examination and investigation.

Treatment

Currently, there is no cure for PD; however, treatments are
available to relieve the symptoms and maintain the quality
of life to a certain extent.

Drug therapy

There are many drugs given to relieve the symptoms of PD;
however, the following drugs are most commonly given.

Levodopa

It is most effective as it is a natural chemical, which
passes into neurons, where it is converted into dopamine.
Levodopa is usually given in combination with carbidopa
to prevent nausea that levodopa may cause.

Dopamine agonists

They do not change into dopamine. Instead, they mimic
dopamine effects in the brain.

Monoamine oxidase-B inhibitors
They help prevent the breakdown of dopamine.
Surgical Treatment, i.e., Deep brain stimulation

In this, the surgeon implants a pulse generator in the
chest wall akin to a heart pacemaker to stimulate the
part of the brain affected by PD. The DBS is considered
in patients who are levodopa responsive; however, their
levodopa-related motor complications are not managed
adequately.

Stem cell therapy

In this, the stem cells are administered in the body through an
intravenous route. These cells reach the areas of inflammation
and damage in the brain through a process called soming.

Gene therapy

It consists of the creation of new gene-coded cells that
produce specific neurotransmitters, namely, dopamine; so
far, it is under trial.

In addition to the above treatment, some supportive
therapies are given to help patients.

These include:
* Physiotherapy
*  Occupation therapy

* Speech therapy
* Psychotherapy
* Speech therapy.

Finally, since the cause of PD is unknown, there are
no proven ways to prevent the disease. However, some
research has shown that changing lifestyle and doing
aerobic exercise might reduce the risk of PD.
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- Original Article

Gender Determination of Scapula by Computed Tomography Scan

Measurement

Abstract

Introduction: Gender is the most vital segment of the biological characteristics which can be
evaluated from the skeleton because of the marked sexual dimorphism of bone segments. The aim of
this study is to evaluate the effect of gender on the scapula measure for healthy sedentary subjects.
The parameters used in the present study were different from the previous research. Hence, the
current work was designed to measure gender differences of the scapula in the Iranian population.
The aim of this study is to evaluate the effect of gender on the scapula measure for healthy sedentary
subjects. The design of this research has been done with the coordination and activity of all authors
to examine the effect of gender in scapula characters. Material and Methods: This study was
performed on scapula computed tomography in 68 patients. These characters in this bone: acromion
glenoid distance, length of the acromion, width of acromion, acromion coracoid distance, length of
scapula, width of scapula, length of coracoid (LC), length of glenoid (LG), and width of glenoid.
With the help of the SPSS software, the logistical regression equation was derived from the stepwise
method. By multiplying the value of each dimension with its corresponding coefficient (§ coefficient)
and adding the products together along with the appropriate constant, the sex of a specimen can
be determined. For the regression equation incorporating all for scapular dimensions, the logistic
regression score (Y) is calculated as follows: Y = (—0.003x Width of scapula (WS)) + (0.006 x
LC) + (-0.14 x height of glenoid [HG]) + 2.098. Results: This study shows the scapular bone
characteristic comparison between the two sexes, which statistically significant difference in the
width of the bone scapula (P = 0.02) and the coracoid length (P = 0.04) and LG (P = 0.01). In
males, significant positive correlation was found between Height of scapula (HS), and height of
glenoid (HG) (0.884) and in females, significant positive correlation was maximum the relationship
between the HS and LC (0.904**). Discussion and Conclusion: Due to the small number of our
samples, it would be better to study more widely so that other differences such as the length of the
scapula and the glenoid width can be achieved, and more confidently, that these two attributes do not
play a role in determining the sex.

Keywords: Gender, glenoid cavity, radiography, scapula

Introduction Furthermore, in the situation that frequently
appears in case of acts of disaster victim
identification, where flat and short bones
appear to be secured over long bones,
long bones are frequently broken and
scattered.”). Knowledge of the normal
behavior of the scapula is of paramount

importance to assess clinical pathologies,

Gender is the most vital segment of the
biological characteristics which can be
evaluated from the skeleton because of
the marked sexual dimorphism of bone
segments.l'! A few skeletal components
have been considered in this field, for

example, skull, tibia, humerus, foramen
magnum, hyoid, etc.!

The bone which was examined in
the present study was a flat bone: the
scapula. The decision to concentrate on
the scapula was because of its negligible
morphological changes throughout life
after the development 1is complete.

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

physiological adaptations, treatment, or
rehabilitation program effects.

Furthermore, studies in the literature
provide the scapular motion of healthy
controls for several motions, and it has
been shown that some characteristics such
as age, gender, and shoulder dominance
induce variations in the shoulder motion,
It has been shown that some characteristics
such as age and shoulder dominance induce

How to cite this article: Hamzehtofigh M, Mokhtari R,
Seif F, Bayat P. Gender determination of scapula by
computed tomography scan measurement. J Anat
Soc India 2023;72:187-92.

Mahdi
Hamzehtofigh,
Razieh Mokhtari',
Fatemeh Seif?,
Parvindokht Bayat®

Department of Nursing, Students
Research Committee, Arak
University of Medical Sciences,
Arak, Iran, 'Department

of Nursing, Faculty of

Nursing, Arak University

of Medical Sciences, Arak,

Iran, *Department of Medical
Physics and Radiotherapy, Arak
University of Medical Sciences
and Khansari Hospital, Arak,
Iran, 3Department of Anatomy,
Faculty of Medicine, Arak
University of Medical Sciences,
Arak, Iran

Article Info

Received: 07 April 2019
Accepted: 08 February 2020
Available online: 28 September 2023

Address for correspondence:
Dr. Parvindokht Bayat,
Department of Anatomy, Faculty
of Medicine, Arak University of
Medical Sciences, Arak, Iran.
E-mail: bayat.parvindokht@
gmail.com

Access this article online

Website: https://journals.lww.
com/joai

DOI:
10.4103/JASI.JASI_9 19

Quick Response Code:

© 2023 Journal of the Anatomical Society of India | Published by Wolters Kluwer - Medknow

187



Hamzehtofigh, et al.: Gender determination of scapula

variations in the shoulder motion.?”! Also studied the effect
of gender on the shoulder range of motion and measured
a significantly greater range of motion for female subjects.

In some research, the acromial shape varied significantly
with the sexes. Men are more likely to have Type III and
women tend to have Type L.¥! However when other authors
considered the relationship between the acromial types and
sexes, there was a greater percentage of Type II in both
men and women; therefore, they reported that the acromial
shape also does not vary significantly with the sexes;
therefore, there was no relationship between acromial types
and the sexes.

The effects of scapular gender on glenohumeral (GH)
proprioception were investigated. The results of previous
studies indicate that GH proprioception in the asymptomatic
shoulder is independent of hand dominance and gender.”!%

However recently, some studies reported, scapular fixation
produced a more consistent response in groups, gender
influenced GH proprioception, irrespective of scapular
fixation and the age of the subject, males were more accurate
in reproducing all angles compared to females.""'¥ In
previous studies on either healthy or pathological subjects,
it has been concluded that the population is composed
of different proportions of men and women. Sex has no
significant effect on sudden motion.!""-%!

The aim of this study is to evaluate the effect of gender
on the scapula measure for healthy sedentary subjects.
The parameters used in the present study were different
from the previous research. Hence, the current work was
designed to measure gender differences of the scapula in
the Iranian population.

Material and Methods

This study was performed on scapula computed
tomography (CT) in 68 patients. All patients were
imaged with a Spiral CT performed using the HiSpeed
Advantage System (OFTiMa, RT580; General Electric,
USA) with a scanning technique of 120 KV and 200 mA.
Three-dimensional (3D) images were reconstructed with
a slice thickness of 3 mm at increments of 2 mm by the
Advantage Windows 3D Analysis Package release 2.1 (GE
Medical Systems). Three-millimeter-thick slices were
used, from which surface-shaded display CT models were
generated on an online workstation (Advantage Windows;
General Electric, Milwaukee, Wisc.,, USA). The 2D
maximum-intensity projection reconstructions included
coronal and sagittal images which were viewed on bone
window settings. In assessing each modality separately,
only hardcopy printed films were used. Each modality
was independently and blindly assessed by two senior
radiologists with experience in musculoskeletal radiology.
Further diagnostic consensus was reached using all
modalities at the same time with all the authors together to
get an accurate diagnosis as possible for each patient. That

bone was entered into the study with normal scapula and no
recognizability of the fracture. With the upper limbs held
up beside the head with inspiratory breath-hold, imaging
was done between the upper borders of the clavicles and
the kidneys. Characters are as follows:

1. Length of scapula: the length between the highest point
of the superior angle and the lowest point of the inferior
angle [Figure 1.A]

2. Width of scapula: from the middle of the dorsal border
of the glenoid fossa to the end of the spinal axis on the
vertebral border [Figure 1.B]

3. Length of glenoid (LG): length between the most
superior and the most inferior point of the acromion
process — The axis of this dimension varies from
individual to individual [Figure 1.C]

4. Width of glenoid: maximum breadth of the articular
margin of the glenoid cavity perpendicular to the
glenoid cavity height [Figure 1.D]

5. Acromio-coracoid distance: maximum distance between
the ventral portion of the coracoid process and the most
dorsal portion of the acromion [Figure 2.E]

6. Acromio-glenoidal distance: the distance between
the tip of acromion process and supraglenoid
tubercle [Figure 2.F]

7. Length of acromion: is the distance between tip
and midpoint of posterior border of acromion
process [Figure 2.G].

8. Width of acromion: the distance between the lateral
and medial borders at the midpoint of the acromion
process [Figure 2.H]

9. Length of coracoid (LC): measured from the base to the
tip of the coracoid process [Figure 3.1]

10. The thickness of the acromion: 1 cm posterior to the
anterior border and 1 cm medially to the lateral border

11. Type of inferior surface of the anterior third of the
acromion according to appearance: (1) rough (2) smooth

12. The shape of the acromion according to the Bigliani
classification: (1) flat (2) curve (3) hook.

Results

In this study, 68 scans of scapula were used for study,
of which 50% were female and the rest were male,
and similarly, Table 1 shows the scapular bone profile
completely (including minimum and maximum mean,
mean, and standard deviation). Table 2 shows the
scapular bone characteristic comparison between the
two sexes, which shows the statistically significant
difference in the width of the bone scapula (P = 0.02) and
the coracoid length (P = 0.04) and LG (P = 0.01). The
comparison of the types of the inferior surface of acromion
process in the two sexes is a statistically significant
difference (P = 0.02) [Graphs land 2].

A significant positive correlation was found between
the characters’ values in scapula bone male [Table 3]
which was most the relationship between the height of
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Figure 1: Osteometric measurements of scapula.’”? A-Length of scapula,
B-Width of scapula,C-Length of glenoid, D-Width of glenoid

Figure 2: Osteometric measurements of scapula (contd).?
E-Acromio-coracoid distance, F-Acromio-glenoidal distance, G-Length of
acromion, H-Width of acromion

Figure 3: Osteometric measurements of scapula (contd).” I-Length of
coracoid

scapula (HS) and height of glenoid (HG) (0.884**) In
addition, a significant positive correlation was also found
between the characters’ values in scapula bone in female
which was maximum the relationship between the HS and
LC (0.904**) [Table 4]. Moreover, in general, there was

Table 1: The scapular bone characteristic
(including minimum and maximum mean, mean, and
standard deviation) is shown in Iranian population

Characters n Minimum Maximum Mean=SD

Age 60 22.00 80.00 52.25+16.21
AGD 47 7.39 51.41 27.2149.13

LA 47 17.35 153.26 54.714+23.43
WA 55 13.49 65.22 28.58+10.82
ACD 49 10.92 78.72 38.08+15.91
WS 66 32.16 167.93 98.79+30.59
HS 65 61.99 249.77 146+43.43

LC 60 15.64 77.57 43.82+14.34
WG 60 12.95 54.52 29.42+10.30
HG 64 18.67 63.00 37.54+10.16

AGD: Acromion glenoid distance, LA: Length of acromion,
WA Width of acromion, ACD: Acromion coracoid distance,
WS: Width of scapula, HS: Height of scapula, LC: Length
of coracoid, WG: Width of glenoid, HG: Height of glenoid,
SD: Standard deviation

Table 2: Comparison of scapular characteristics in men

and female

Characters Gender n Mean=SD P

AGD Male 23 26.6117+7.58079 0.67
Female 23 27.7851+£10.78438

LA Male 25 58.5273£19.33029 0.31
Female 21 51.5145+27.31422

WA Male 26 29.8188+11.02155 0.43
Female 29 27.4841+£10.72482

ACD Male 23 41.0980+17.49112 0.27
Female 25 36.0494+14.10688

WS Male 32 107.88+30.52853 0.02
Female 33 91.1940+28.39504

HS Male 33 1.5679E2+45.19975 0.07
Female 31 1.3791E2+38.04940

LC Male 31 47.3539+14.81253 0.04
Female 29 40.0552+13.03830

WG Male 31 31.6559+10.58798 0.83
Female 29 27.0478+9.60503

HG Male 32 40.6667+10.32657 0.01
Female 31 34.8065+8.98467

Age Male 27 54.6667+£17.72656 0.27
Female 32 50.0625+15.02672

AGD: Acromion glenoid distance, LA: Length of acromion,
WA Width of acromion, ACD: Acromion coracoid distance,
WS: Width of scapula, HS: Height of scapula, LC: Length
of coracoid, WG: Width of glenoid, HG: Height of glenoid,
SD: Standard deviation

a higher correlation between the characters of the scapula
in women. In our tables, we only consider a significant
correlation >0.600**.

With the help of (SPSS Statistics) SPSS version 22,
SPSS, Chicago 1989, the logistical regression equation
was derived from the stepwise method which is shown in
Table 2. By multiplying the value of each dimension with
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Table 3: Correlation in male

AGD LA WA ACD WS HS LC WG HG
AGD
LA 0.761 0.866 0.680 0.769 0.826
WA 0.641 0.623
ACD 0.600 0.663 0.749 0.648
WS 0.761 0.600 0.878 0.861 0.774 0.826
HS 0.866 0.641 0.663 0.878 0.851 0.852 0.884
LC 0.680 0.623 0.749 0.861 0.851 0.702 0.839
WG 0.769 0.774 0.852 0.702 0.835
HG 0.826 0.648 0.826 0.884 0.839 0.835

AGD: Acromion glenoid distance, LA: Length of acromion, WA: Width of acromion, ACD: Acromion coracoid distance, WS: Width of scapula,
HS: Height of scapula, LC: Length of coracoid, WG: Width of glenoid, HG: Height of glenoid

Table 4: Correlation in female

AGD LA WA ACD WS HS LC WG HG

AGD 0.823 0.709 0.741 0.824 0.875 0.842 0.705 0.728
LA 0.823 0.884 0.706

WA 0.709 0.884 0.734 0.792

ACD 0.741 0.734 0.640 0.622 0.816 0.698 0.738
WS 0.824 0.640 0.630 0.546 0.512 0.634
HS 0.875 0.622 0.630 0.904 0.892 0.832
LC 0.842 0.706 0.792 0.816 0.904 0.893 0.781
WG 0.705 0.698 0.892 0.893 0.631
HG 0.728 0.738 0.634 0.832 0.781 0.631

AGD: Acromion glenoid distance, LA: Length of acromion, WA: Width of acromion, ACD: Acromion coracoid distance, WS: Width of scapula,
HS: Height of scapula, LC: Length of coracoid, WG: Width of glenoid, HG: Height of glenoid

Table 5: Logistic regression equation and stepwise function analysis

Variable B coefficient SE Significance Significance Exp (B) 95.0% CI for Exp (B)
WS —0.003 0.004 0.353 0.992 0.754-1.130

LC 0.006 0.009 0.504 1.010 0.809-1.451

HG —0.014 0.012 0.269 0.937 0.17-1.857
Constant 2.098 0.259 0.000 10.79

WS: Width of scapula, HG: Height of glenoid, LC: Length of coracoid, SE: Standard error, CI: Confidence interval
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both male and female

its corresponding coefficient ( coefficient) and adding the sex of a specimen can be determined. For the regression
products together along with the appropriate constant, the equation incorporating all for scapular dimensions, the
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logistic regression score (Y) is calculated as follow: Y =
(-0.003 x WS) + (0.006 x LC) + (—0.14 x HG) + 2.098
Table 5.

Discussion

In the present study, the descriptive statistics of 11 variables
were reported which shows mean and standard deviation
for both sexes. The overall mean value collected from the
scapula of males was larger than the females, but some of
the parameters have a significant difference between both
the groups. The present study demonstrated higher values
of measurements of male compared to female scapula
bones. These results corroborate with data already reported
in the literature for other types of populations.

There was a significant difference between female and
male specimens for each dimension measured (P < 0.05).
Height-to-width ratios were also significantly different
comparing men to women (P < 0.05). These differences
resulted in a rounder male glenoid and more oval female
glenoid.["]

Seventy-four cadaveric shoulder CT scans (37 males
and 37 females with statistically equivalent age and
body mass index) were reconstructed using Mimics® to
create 3D models of the humerus and scapula. After 3D
reconstruction, each CT bone model was analyzed in
Rapidform® to quantify the morphology of the humerus,
scapula, and the spatial relationship between the two to
better understand the role of gender on the morphological
variability of the GH joint.[""]

Dynamic analysis of the shoulder joint during arm elevation
has been investigated under various conditions and in various
types of subjects with the development of analytical devices,
but there has been no report describing sex differences.
Therefore, the current study was performed, and it clarified
that scapular upward rotation and internal rotation angles
during arm elevation were different for each sex.

The upward rotation angle was significantly greater in males,
and the internal rotation angle was significantly greater
in females. Ogston and Ludewigl'¥ compared scapular
movement during 10°-120° scapular plane arm elevation
between multidirectional instability (MDI) patients and
control subjects, and they observed that the scapular upward
rotation angle was significantly smaller, and the scapular
internal rotation angle was greater in all MDI patients during
the elevation phase. In the current study, the upward rotation
angle was smaller in females at all elevation angles, excluding
120°, and the internal rotation angle was greater in females at
all elevation angles, which is similar to their findings.

No person with shoulder instability was included in the
present study, but a higher incidence of generalized joint
laxity in females was reported.!'”!]

In addition, in a survey of Asians of the same age group
as our subjects, the incidence of generalized joint laxity

was 25.4% and 38.5% in males and females, respectively,
suggesting that the presence or absence of this laxity was
involved in the current results.'”) A follow-up study with
a generalized joint laxity test and electromyographic
evaluation is necessary.

This paper considers that the reason for the shoulder
scapula bones of men is generally larger than the female
could be due to the physical effort performed by male
ancestors. This justification was also adopted by Costa
OA et al. This fact is due to the greater development of the
muscles of the upper limbs of male individuals, and hence
that bone growth accompanies this structure to ensure the
support of the muscle tissue attached.”

The discrepancies between the current work and previous
studies could be due to structural differences of scapula
between different populations as a result of the growth
hormone which is affected by genes and environmental
factors.?! Furthermore, due to different methods used
for measurements, as El Morsi DA et al. applied the
measurements directly from the bone, while in the present
work, the measurements were taken from CT.I?!

Conclusion

The length of the scapula and the glenoid width do not
play a role in determining the sex.
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- Original Article

Three-dimensional Evaluation of the Nasolacrimal Duct and Maxillary

Sinus Ostium in Patients with Cleft Lip and Palate

Abstract

Objective: Cleft lip and/or palate (CLP) is one of the most common congenital craniofacial anomalies.
Individuals with CLP experience numerous problems including lack of nutrition, impaired speech,
hearing loss, obstruction of nasolacrimal duct, poor dentition and facial morphology, and sinusitis.
This study aimed to compare the nasolacrimal canal morphometry (nasolacrimal duct [NLD]),
maxillary sinus ostium (MSO) localization, and presence of the accessory maxillary ostium (AMO)
in patients with unilateral or bilateral CLP with healthy controls. Materials and Methods: The
transversal and anteroposterior diameters and the length of the NLD were measured in 33 patients
with unilateral CLP and 30 patients with bilateral CLP using cone-beam computed tomography.
There were 16 (53.3%) males and 14 females (46.7%) in the bilateral CLP group and 18 males and
15 females in the unilateral CLP group. The mean ages of the patients were 17.36 + 5.27 in patients
with unilateral CLP and 18.6 + 5.66 in patients with bilateral CLP. The anteroposterior location of the
MSO and AMO was evaluated. Results: The transversal (P = 0.003) and anteroposterior (P = 0.002)
diameters of NLD were found to be significantly different between the patients with bilateral CLP
and the control group. The NLD length was found to be significantly different between the control
group and the affected sides in the unilateral CLP group (P = 0.02). The MSO was found more in
the middle region in the control group compared to the unilateral CLP group (£ = 0.004). The AMO
was found in 66.7% of the patients with bilateral CLP and 62.1% of the patients with unilateral
CLP. The AMO was found more in the control group than in the bilateral CLP group (P = 0.01).
Conclusions: Cleft lip and palate is an anomaly that can affect both the diameter and the length of
the NLD and MSO localization.

Keywords: Cleft lip and palate, cone-beam computed tomography, maxillary sinus ostium,
nasolacrimal duct

Introduction duct (NLD), sinusitis, chronic upper
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. . . and facial morphology, and psychological
the most common congenital craniofacial
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anomalies, constituting 15% of all probiems

congenital anomalies."? These defects Radiological examination plays a crucial

occur due to the failed fusion of bony and
soft tissue growth elements of the cranial
and maxillofacial bones in utero caused
by a complex interaction of genetic and
environmental factors.™

The incidence of CLP varies according
to ethnicity, country, and socioeconomic
status. Between the 4" and 8" weeks of the
intrauterine period, CLP deformities may
occur due to a defect that occurs during
facial structure formation."! Individuals
with CLP experience numerous problems
including lack of nutrition, impaired speech,
hearing loss, the obstruction of nasolacrimal
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role in the diagnosis, treatment planning,
and follow-up of patients with CLP.!
Multiple radiographic imaging is performed
throughout childhood and adolescence.
These may include two-dimensional
imaging methods such as panoramic,
periapical, occlusal, and frontal or lateral
cephalometric  radiographs. The most
frequently used three-dimensional (3D)
techniques are computed tomography (CT),
cone-beam CT (CBCT), magnetic resonance
imaging, stereophotogrammetry, and laser
surface scanning.?

CBCT could be the preferred method
because it has a lower radiation dose than
CT. Being addicted to low radiation doses
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had many advantages compared to CT, such as low cost,
easy handling, and providing a more detailed 3D view of
craniofacial structures.*

The maxillary sinus, which is one of the most important
structures of the midface, is morphologically affected in
patients with CLP.™ The maxillary sinus ostium (MSO) is
located at the highest part of the medial wall of the sinus
and opens into the narrow ethmoidal infundibulum.”
The accessory maxillary ostium (AMO) is located in the
medial maxillary wall, between the uncinate process and
the inferior concha.l®

Sinusitis is commonly observed in patients with CLP;
however, its cause remains unknown. Malposition of the
MSO and the presence of AMO are thought to play a role
in the formation of chronic maxillary sinusitis by disrupting
the mucociliary clearance of the maxillary sinus.[%” The
NLD runs along the lateral wall of the nasal cavity and
enters the inferior nasal meatus behind the anterior end of
the inferior nasal concha.”

Although a study related to the NLD of patients with
unilateral CLP is present in the literature,'” there are no
studies on patients with bilateral CLP. Furthermore, no
previous study has investigated the localization of the
MSO in patients with CLP. Therefore, this study aimed
to compare the nasolacrimal canal morphometry, MSO
localization, and presence of AMO in patients with
unilateral or bilateral CLP with healthy controls.

Materials and Methods
Subjects

A total of 63 (33 — unilateral and 30 — bilateral) CLP patients
who applied to the division of oral and maxillofacial
radiology for CBCT scanning from July 2012 to November
2020 were included in this study. The CBCT images of
the patients with unilateral and bilateral CLP as well as
the controls were retrospectively evaluated. The control
group comprised 41 age- and sex-matched individuals who
were randomly selected for comparison with the 33 and
30 patients with unilateral and bilateral CLP, respectively.
There were 16 (53.3%) males and 14 females (46.7%) in
the bilateral CLP group and 18 males and 15 females in
the unilateral CLP group. The mean ages of the patients
were 17.36 + 5.27 in patients with unilateral CLP and
18.6 + 5.66 in patients with bilateral CLP.

The study was approved by the university-local ethics
committee  (Number:  72867572-050.01.04).  Written
informed consent was obtained from each patient who
is >18 years of age and parent for patients aged <18 years.
CBCT was performed for the diagnosis and treatment
planning in the CLP groups and due to various reasons,
such as an impacted tooth, missing teeth, and orthodontic
treatment, in the control group. Thirty-two of the patients
were excluded from the study due to reasons such as

pathological lesions, such as cysts and tumors, affecting the
examined area, insufficient image quality, and inability to
observe the region to be examined in any cross-section.

Cone-beam computed tomography technique

All CBCT images were acquired by ProMax 3D
Mid (Planmeca, Helsinki, Finland) with a field of
view of 200 mm x 170 mm, 0.04 mm?® voxel size, and
approximately 20 s of acquisition time at 90 kV and 10 mA.
CBCT images were evaluated in the Digital Imaging and
Communications in Medicine format using the Romexis
software program (Planmeca Oy, Helsinki, Finland).

Measurements

All images were assessed by a single maxillofacial
radiologist in the darkroom. All the measurements were
made in 1 week, and 10% (n = 11) of the measurements
were repeated to determine the intra-observer agreement.

The narrowest anteroposterior and transverse diameters
were measured at the level of the infraorbital margin in
the axial section. NLD length was measured in the sagittal
section between the most proximal and distal points
visible [Figure 1].0'0

The anteroposterior location of the MSO was divided into
the following three categories in the coronal section: (a)
the anterior region: from the mesial aspect of the maxillary
first premolar to that of the first molar; (b) the middle
region: from the mesial aspect of the maxillary first molar
to the distal aspect of the maxillary second molar; and (c)
the posterior region: from the distal aspect of the maxillary
second molar to the posterior of the tuber maxillae.[

AMO was examined radiographically as present/absent.
NLD obstruction was evaluated as present/absent in all
three sections.

Statistical analyses

The Shapiro—Wilk test was used to evaluate the normality
of the distributions. Normal distribution was observed in
all the groups. The Chi-square test was used to compare
categorical variables between the control and CLP
groups. P < 0.05 was considered statistically significant.
The Student’s #-test was used to compare numerical
measurement values. Intraclass correlation coefficient (ICC)
was used to determine the intra-observer agreement of the
NLD measurements.

Results

A total of 192 NLDs of 96 patients (33 patients with
unilateral CLP, 30 patients with bilateral CLP, and 33
control patients) were examined. There was no difference
among the four groups according to age [Table 1]
(P > 0.05). The ICCs were perfect and calculated as 0.98
for the transversal diameter, 0.92 for the anteroposterior
diameter, and 0.99 for the duct length.
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Figure 1: Axial CBCT scan shows transversal (a) and anteroposterior (b) diameter measurement of the nasolacrimal duct in a patient with unilateral CLP.
Sagittal CBCT scan shows nasolacrimal duct length measurement (c). CBCT: Cone-beam computed tomography, CLP: Cleft lip and/or palate

Table 1: The mean ages of the patients in the study

groups
The mean age+SD P
(minimum-maximum)
Unilateral CLP group 17.36+5.27 (10-32) 0.60
Control group | 17.87+2.30 (14-22)
Bilateral CLP group 18.6+5.66 (10-28) 0.92
Control group II 18.47+2.36 (14-23)

CLP: Cleft lip and/or palate, SD: Standard deviation

The mean transversal NLD diameter was narrower in
female patients compared to that in male patients in both the
unilateral and bilateral CLP groups. A wider anteroposterior
NLD diameter was found in female patients in both the
unilateral and bilateral CLP groups. There was no significant
difference between sex in the groups (P > 0.05).

The study population was divided into two age
groups (10-19 years and >19 years). Patients with
CLP over 19 years of age had wider transversal and
anteroposterior NLD diameters. The difference between
age groups was statistically significant (P < 0.05).

The mean transversal NLD diameter ~ was
326 + 0.80 mm (minimum: 2, maximum: 5.20) for
the affected side and 3.96 £ 0.60 mm (minimum: 2.83,
maximum: 5.20) for the unaffected side in the unilateral
CLP group, and 4.19 + 0.78 mm (minimum: 2.4, maximum:
6.2) in the control group. There was a significant difference
between the affected and unaffected sides in the unilateral
CLP group (P < 0.001). The difference between the
unaffected side and the control group was not significant.
The narrowest mean anteroposterior NLD diameter
was 5.04 + 0.58 mm on the affected side. There was a
significant difference between the control group and the
affected and unaffected sides of the unilateral CLP group in
terms of anteroposterior NLD diameter (P < 0.001).

The mean NLD length was 15.58 + 1.48 mm and
15.88 £ 2.20 mm for the affected and unaffected sides,
respectively, and 16.65 + 2.22 mm for the control group.
There was a significant difference between the control
group and the unaffected sides in the unilateral CLP
group [P = 0.02, Table 2].

The mean transversal NLD diameter was 3.67 + 0.87 mm
in the patients with the bilateral CLP and 4.16 + 0.91 mm

in the control group. The difference between the patients
with bilateral CLP and the control group was significant
with respect to the transversal and anteroposterior
diameters of the NLD. However, there was no significant
difference in terms of the NLD length between both the
groups [Table 3].

The MSO localization was detected mostly in the anterior
region in the unilateral and bilateral CLP groups and the
control group. The MSO was localized more in the middle
region in patients in the control group compared to that
of patients in the unilateral CLP group. The difference
between the patients with unilateral CLP and the control
group was statistically significant (P = 0.004). The AMO
was found in 66.7% of the patients with bilateral CLP and
62.1% of the patients with unilateral CLP. The AMO was
found more in the control group than in the bilateral CLP
group (P = 0.01). Mucosal thickening in the maxillary sinus
was detected more in patients with CLP compared to that in
the control group (P = 0.002). There were 11 patients with
sinusitis (five patients with bilateral CLP, two patients with
unilateral CLP, and four patients in the control group). The
incidence of NLD obstruction was 71.7% in the bilateral
CLP group and 74.2% in the unilateral CLP group. The
difference between the patients with CLP and the control
group was not statistically significant (P > 0.05).

However, although there was a significant difference
between NLD obstruction and NLD diameter in patients
with bilateral CLP, there was no difference in the unilateral
CLP group [Table 4]. In the study population, smaller means
of nasolacrimal transversal and anteroposterior diameters in
the side with NLD obstruction was determined (P < 0.001
and P < 0.01, respectively).

Discussion

Because CLP affects the midface, the NLD in this area
may also be affected. NLD obstruction or narrowing may
occur secondary to patients with facial clefts such as
CLP.'"l However, patients with CLP may have congenital
defects of the nasolacrimal apparatus, such as agenesis
or stenosis of the canaliculi, lacrimal sac, and NLD.!'3
Therefore, having the knowledge of the morphometry of
the lacrimal drainage system in facial clefts is vital for
avoiding potential recalcitrant epiphora and infections
during primary cleft repair.'? Epiphora is a commonly
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Table 2: Measurements of the transversal and anteroposterior diameters and length of nasolacrimal duct in patients
with unilateral cleft lip-palate

Groups n  Nasolacrimal transversal P Nasolacrimal anteroposterior P NLD length, P
diameter, mean+SD diameter, mean+SD mean+SD

UCLP cleft side group 33 3.26+0.80 0.00%* 5.04+0.58 0.71 15.58+1.48  0.51

UCLP noncleft side group 33 3.96+0.60 5.10+0.76 15.88+2.20

UCLP cleft side group 33 3.26+0.80 0.00%* 5.04+0.58 0.00%*  15.58+1.48  0.02*

Control group 66 4.19+0.78 5.88+0.80 16.654+2.22

UCLP noncleft side group 33 3.96+0.60 0.15 5.10+0.76 0.00**  15.88+2.20  0.16

Control group 66 4.19+0.78 5.88+0.80 16.65+2.22

*P<0.05, **P<0.001. UCLP: Unilateral cleft lip and/or palate, SD: Standard deviation, NLD: Nasolacrimal duct

Table 3: Measurements of the transversal and anteroposterior diameters and length of nasolacrimal duct in bilateral
cleft lip-palate patients

Groups n Nasolacrimal transversal P Nasolacrimal anteroposterior P NLD length, P
diameter, mean+SD diameter, mean+SD mean+SD

BCLP group 60 3.67+0.87 0.003* 5.37+1.15 0.002* 16.68+2.24 0.85

Control group 60 4.16+0.91 5.99+0.91 16.61+1.86

*P<0.01. BCLP: Bilateral cleft lip and /or palate, SD: Standard deviation, NLD: Nasolacrimal duct

Table 4: Measurements of the transversal and anteroposterior diameters of the nasolacrimal duct according to the
presence of nasolacrimal duct obstruction in patients with cleft lip-palate
Mean+SD P

With NLD obstruction Without NLD obstruction
UCLP cleft side group
Nasolacrimal transversal diameter 3.26+0.76 3.34+0.91 0.82
Nasolacrimal anteroposterior diameter 4.97+0.59 5.26+0.58 0.28
BCLP
Nasolacrimal transversal diameter 3.3440.56 4.52+0.96 0.00%*
Nasolacrimal anteroposterior diameter 5.14+1.08 5.95+1.17 0.01*

*P<0.05, **P<0.001. BCLP: Bilateral cleft lip and /or palate, UCLP: Unilateral cleft lip-palate, NLD: Nasolacrimal duct

observed lacrimal drainage system disease that may reduce
visual acuity. Obstruction or narrowing of the NLD system
may cause Epiphora.

There was a study conducted on the NLD in patients with
CLP. This study investigated the morphometric changes in
the NLD of the side affected by the cleft in the unilateral CLP
group. In our study, we examined patients with unilateral
and bilateral CLP. Comparisons were made between the
primary acquired nasolacrimal duct obstruction (PANDO)
group and the control group in the previous studies related
to the NLD morphometry.l'*!”! In addition, previous studies
have evaluated NLD morphometry according to different
age groups, ethnic groups, and sex.[!824

In comparative studies, a smaller NLD diameter was found
in patients with the obstructed NLD compared to that in the
control groups. Hence, it has been reported that the small
diameter of the NLD may increase the risk of PANDO and
be one of the etiologic factors. Similar to these studies,
the mean nasolacrimal diameter was smaller means of
nasolacrimal transversal and anteroposterior diameters in
the side with NLD obstruction in the study population in
our study.

Previous studies reported that the NLD diameter was
narrower in females compared to that in male patients and
no significant difference between sex groups was observed,
which agrees with our study (P > 0.05).1*%24 However,
we found that the mean anteroposterior NLD diameter was
slightly wider in females than in males (P > 0.05).

Similar to our study, a narrow NLD diameter was determined
in those under the age of 20 in a study by Zhang et all'”!
In a study by Lee et al., which also included the pediatric
population, a narrow NLD diameter in children under the age
of 10 was found.”” An inverse relationship has been observed
between age and the NLD diameter in patients with PANDO.
The older the patient, the narrower the NLD diameter;
however, no relationship was observed in the control group in
the study conducted by Janssen et al.'*! In the present study,
we found that NLD diameter increased with age; however,
the study population consisted of patients with CLP with ages
ranging from 10 to 32 years. The differences among studies
may result from the differences in the method used for the
measurement of the NLD diameter or the study population.

CBCT is an imaging method that uses a lower radiation
dose and has a lower cost than CT. It is used for
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diagnosis and treatment planning in all areas of medicine
and dentistry, including oral and maxillofacial surgery,
ear, nose, throat, orthopedics, interventional radiology,
orthodontics, periodontology, and forensic dentistry. Since
CLP is a true 3D deformity, it must be evaluated using
3D imaging methods to provide a better insight into the
anatomical condition for treatment planning. However,
there are a great number of previous morphological studies
related to NLD that used CT;[!2!517-1921.221 however, CBCT
has only been used in few previous studies.!2%%

Only one study has been conducted by Altun et al.' on
the NLD morphometry in patients with CLP!! in which the
study population consisted of patients with unilateral CLP
and the control group. Our study is the first to evaluate the
morphology of the NLD in patients with both unilateral
CLP and bilateral CLP. Altun et al.'” reported that the
transversal NLD diameter was narrower on the affected
side than the unaffected side and there were no statistically
significant differences between the control group and the
affected and unaffected sides in the unilateral CLP group.
In our study, there was a statistically significant difference
between the control group and the affected side in the
unilateral CLP group in terms of both the transversal and
anteroposterior NLD diameters. In addition, a statistically
significant difference was found between the control group
and the bilateral CLP group.

Altun et all'9 evaluated the NLD length in the study that
examined the NLD morphometry in unilateral CLP patients
using CBCT. It was reported that NLD length was not
affected by unilateral CLP presence in this study.'” In
our study, NLD length was shorter in the affected side of
patients with unilateral CLP than that in the control group
and this difference was statistically significant. However,
there was no statistically significant difference between the
bilateral CLP group and the control group. The difference
related to the length between the two studies might have
resulted from the difference in the measurement technique.

Maxillary sinusitis is commonly observed in patients
with CLP and its reasons are not completely understood.
The maxillary accessory ostium is one of the anatomical
variations that may play a role in the development of
chronic maxillary sinusitis.***) However, the differential
location of the MSO may be a cause of chronic sinusitis.[*”
Mucosal thickening and maxillary sinusitis in patients with
unilateral CLP in which the MSO was found in the anterior
region was found to be more than that in the control
group in our study. However, the relationship between the
presence of the MSO and sinusitis was not determined.

Conclusions

Based on the results of our study, the diameter of the
transversal NLD was significantly narrower in patients with
unilateral CLP compared with that in the control group.
Both the transversal and anteroposterior NLD diameters

were found to be narrower in patients with bilateral CLP.
These results show that NLD was affected on these patients
due to narrower NLD diameter in patients with CLP
compared with that in the control group. There is a higher
risk of development of PANDO in these patients. Because
patients with CLP may have a defect of nasolacrimal
apparatus such as stenosis of the NLD, it is important to
know the morphometry of the lacrimal system to avoid
potential recalcitrant epiphora and infections during the
primary cleft repair. However, the inflammatory disease of
maxillary sinuses was detected more in patients with CLP
than in the control group. The AMO was found more in the
control group than in the bilateral CLP group. Therefore,
AMO may not be a cause for the development of chronic
maxillary sinusitis in patients with CLP. The location of the
MSO was significantly different in unilateral CLP patients
compared to the control group.
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- Original Article

Electron Microscopic Observation of Normal and 2,4,5-Trihydroxyl
Phenylethylamine (6-hydroxydopamine) Lesioned Corpus Striatum in

Wistar Albino Rats

Abstract

Background: The prevalence and incidence of Parkinson’s disease (PD) is increasing due to a
prolonged life expectancy. The cardinal features of PD include resting tremor, rigidity, bradykinesia, and
postural instability. In rodents the 2,4,5-trihydroxyphenylethylamine [6-hydroxydopamine (6-OHDA)]
induced lesion of the nigrostriatal system showed retrograde degeneration and structural changes in
the corpus striatum under transmission the electron microscope (TEM). Aim and Objectives: To
study the ultra-structure of normal and 6-OHDA lesioned corpus striatum in Wistar albino rats under
the transmission electron microscope. Material and Methods: Wistar albino male adult rats received
unilateral stereotaxical injection of 6-OHDA on the right side of striatum and were sacrificed after 120
days. The following stereotaxic co-ordinates were used to target the dorsolateral part of the striatum:
AP = 0.2 mm, ML = 3.2 mm, DV = 4.5 mm from the bregma. Another target was the dorsomedial
part of striatum: AP = 1.1 mm, ML = 2.4 mm and DV = 3.5 mm.The motor behavior was monitored
in cylinder which was counted for a period of 60 min. Results and Conclusion: Our TEM finding in
the control rats demonstrated that nucleus was round and comparatively large in proportion to the cell
body and lies in the centre of the nerve cell in the striatum. Occasionally one or two dense nucleoli
were located eccentrically in the nucleoplasm. Additionally, in the cytoplasm around the nucleus, the
conspicuous organelles along with the numerous ribosomes which were mostly free and appear as
rosettes or clusters, some of which were attached to the endoplasmic reticulum. Furthermore, few
short of granular endoplasmic reticula were seen. Interestingly, the lesioned rats showed neuronal and
glial cells damage at the ultra-structural level in striatum under TEM observation.

Keywords: 6-hydroxydopamine lesion, apomorphine-induced rotation, corpus striatum, Parkinson's
disease, transmission electron microscope, ultra-structure

Introduction

Parkinson’s disease (PD) is characterized
by an extensive loss of dopamine (DA)
neurons in the substantia nigra (SN),
pars campacta, and their terminals in the
striatum."?! In addition to neuronal loss,
PD is accompanied by the formation
of intra-neural inclusions such as Lewy
bodies and the protein o-synuclein.l®!
The nigrostriatal projection to the globus
pallidus and striatum from the SN contains
DA. The degeneration of nigro-striatal
system due to loss of neurons in the SN and
consequent loss of DA in striatum are the
underlying causes of PD. The symptoms of
PD can be reproduced by the blockade of
DA D, receptors in the basal ganglia. This
is commonly seen secondary to the use of
typical antipsychotic medication.

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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The anatomical and functional changes in PD
may be classified into a three phase model: (1)
Mesencephalic ~ (dopaminergic ~ neuronal
loss), (2) basal ganglia (dopaminergic
differentiation), and (3) cortical (functional
reorganization).’?  When the SN and
caudate putamen are lesioned, the
ipsilateral dopaminergic fibers are lost.
In response to this loss, the denervated
striatum becomes more sensitive to DA.
DA transporters (DATs) are expressed in
dopaminergic neurons and their expression
may be a significant marker of dopaminergic
nerve cells. The disruption of DA
transmission in the striatum is likely to be an
important component of the pathophysiology
of schizophrenia. The striatum is rich in
DA receptors and all the known effective
antipsychotic medications are known to
block DA receptors.[**]
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It is known that DATs in nigrostriatal system may take part
in the pathogenic mechanism of PD. The mRNA expression
of DATs was decreased markedly in brain of animal model
induced by 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
and in PD patients.”!' The administration of
2.4, 5-trihydroxyphenylethylamine (6-hydroxydopamine
[6-OHDA)) into the brain of the rat induces a well-established
model of PD.["' The loss of DA after the 6-OHDA lesionn
has been established as an index of nigro-striatal damage
with the apomorphine-induced rotational behavior.['!7
In the present study, the corpus striatum of Wistar albino
rats were lesioned with 6-OHDA stereotaxically and the
retrograde degeneration was studied under the transmission
electron microscope (TEM). We have determined the effect
of 6-OHDA-induced lesion on structural changes in the
striatal and extra-nigral regions in adult Wistar albino rats.

Materials and Methods
Animals

The adult Wistar albino rats weighing 180-220 g body
weight were used. They were housed in pairs and allowed
for 7-15 days to acclimatize to the animal care facility
before the behavioral tests and surgery. The animals
were maintained in an air-conditioned animal house with
constant 12-h light and 12-h dark cycle. Animals were
allowed ad libitum access to food and water when not
undergoing behavioral tests and surgery. The experiments
were conducted in accordance with the standard procedures
of the Institutional Animal Ethical Committee (IAEC) and
carried out in the department of anatomy, Dr. A. L. M.
PGIBMS, University of Madras, Chennai - 600 113. The
project approval number is IAEC No 01/008/03.

Experimental groups

For this experiment, the rats were randomly divided into
three groups; each group consists of six male Wistar albino
rats. Group-I: Control, Group-II: Sham Control in which
0.2% ascorbic acid in 0.9% saline was injected, Group-III:
Lesioned in which 0.2% ascorbic acid in 0.9% saline with
6-OHDA was injected.

Stereotaxic co-ordinates

The rats were anesthetized by intra-peritoneal administration
of Pentothal sodium at the dose of 40 mg/kg body weight.
Incisors bars were set at — 3.3 and 1.0. The rats were
immobilized in a stereotaxic frame in the flat skull position
and mid-sagittal skin incision was made on the scalp
for 2 cm length to expose the skull. An infusion set was
prepared, consisting of a sterilized 26-gaugestainless steel
cannula and hypodermic tube, which in turn, was connected
to a 10 ul Hamilton micro syringe (P/N: 80300/00 Hamilton
Bonaduz AG, CH-7402, Switzerland).

The following stereotaxic co-ordinates were used to
target the dorsolateral part of the striatum: anteroposterior
(AP) = 0.2 mm, mediolateral (ML) = 3.2 mm, and

dorsoventral (DV) = 4.5 mm from the bregma. Another
target was the dorsomedial part of striatum: AP = 1.1 mm,
ML = 2.4 mm and DV = 3.5 mm. These targets of lesions
were reached using the stereotaxic atlas of Paxinos and
Watson.!'! After making the AP and ML co-ordinates,
a hole (1.6 mm diameter) was made on the skull with
dental drill. Then the cannula (1.5 mm diameter) was
placed through the holes drilled in the skull and DV
co-ordinates were used to target the area of striatum from
the duramater [Figure la-d].

Drug and dosage

The 2,4,5-trihydroxyphenylethylamine (6-OHDA) is a
selective catecholaminergic neurotoxin, which has been
widely used to investigate the pathogenesis and progression
of PD. The specificity of 6-OHDA neurotoxicity has been
associated with its uptake and accumulation by transport
mechanism specific for catecholaminergic neurons. One
mg of 6-OHDA was dissolved in 0.5 ml of ascorbate
saline (0.02 g of ascorbic acid was dissolved in 10 ml of
sterile normal saline, to prepare ascorbate saline). The normal
saline was prepared by dissolving 0.9 g of sodium chloride
in 100 ml of deionized water. It was autoclaved and used to
prepare ascorbate saline. Just 30 min before the 6-OHDA
injection, the desipraminehydrochlordie (25 mg/kg of body
weight) was injected intra-peritoneally to prevent the uptake
of toxin by other neurons. In each site with the concentration
of 20 ug in10 ul at the rate of 0.5—1 pl/minute of 6-OHDA
was manually injected [Figure 2].

Postoperative care

Care was taken to revive the animals from anesthesia
and was monitored till completely recovered. The
antibiotic (Gentamycin = 0.5 mg/kg body weight) was
given two times a day for 3 days to prevent the infection of
surgical wound. Seven days after the surgery, the animals
were continued with the behavioral studies. To record the

Figure 1: Rat skull has been exposed after fixing in stereotaxic frame.
(a) Skull has been exposed after making skin incision, (b) After making first
coordinate (right side), (c) Injection of 6-hydroxydopamine on the right side
of corpus striatum, (d) After making second coordinate
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Figure 2: Rat fixed in stereotaxic frame and 6-hydroxydopamine (6-OHDA)
injection. Injection of 6-OHDA with the help of 10 pl Hamilton syringe, 20 ng
in 10 pl ascorbate saline was injected at the rate of 0.5-1 pl/min

behavioral activity, the videos and photographs were taken
periodically for all the groups till the end of the period.

Apomorphine-induced rotation

Nonselective DA agonist apomorphine hydrochloride
(A4393, sigma Aldrich, US) (0.05 mg/kg/bw) was injected
subcutaneously in the neck region between 7 and 30 days
after the 6-OHDA lesion. We followed the basic principles
of rotational behavior study described by Ungerstedst;
Olsson et al.'>'7 Since we could not design the “automatic”
rat rotometer; we simplified the observation on rotational
behaviour. Each animal was placed in a glass cylinder
measuring 30 cm height and 22 cm diameter and the
number of contralateral rotation of the animals in cylinder
were counted for a period of 60 min.

Tissue preparation for transmission electron microscope

Animals from Group I and Group III after 120 days of
survival were sacrificed for the ultra-structural investigation
of corpus striatum. The animals were anesthetized with
Pentothal sodium using an over dose of 120 mg/kg of
body weight, through intra peritoneal route. Transcardially,
the animals were perfused with normal saline followed by
the 4% glutaraldehyde for 20 min period, then the brains
were removed and fixed for an additional 4 days in 3%
glutaraldehyde and washed in buffer. Post fixation by
1% Osmium tetroxide and washed in buffer. This double
fixation gives stability during dehydration, embedding
and electron bombardment during transmission in TEM.
Further, it also provides staining contrast, decreased
distortion and fixes fine cellular ultra-structure which is
suitable for brain tissue. Then, the tissue was dehydrated
by the ascending series in graded alcohol (50%—-100%) and
clearing by propylene oxide and infiltrated by propylene
oxide and epoxy resin. Finally, tissues were embedded in
siliconized rubber mold with epoxy resin kept in at 60°C
for 48 h, cool down to the room temperature. Blocks were
taken for sectioning and polymerization.

Sectioning

One micron thick sections were cut through
ultra-microtome (Leica ultracut-UCT) with glass knife and
stained by toludine blue. Light microscopic observation
was extremely useful when sections are needed to
give a general idea of the orientation of the tissue and
for making the areas of (able to cut ultrathin section)
interest in the block face prior to further trimming of
blocks for ultra microtomy. Ultrathin section (<100 nm)
was cut through ultra-microtome (Leica) with diamond
knife (Diatome). Ultrathin sections were taken on copper
grid and stained (double metallic) with uranyl acetate and
Reynolds solution (sodium citrate + lead nitrate) which
gives a good contrast. Then, the sections were transmitted
in TEM (Phillips, Netherland) and photographed.

Results
Apomorphine-induced rotations

In this study, the sham lesioned animals (Group II) did not
show any abnormal rotation after the apomorphine injection
in all the duration of rotational behaviour test. In group III
animals, there was significant increase in the controlateral
rotation (1** week = 26.60 folds; 2" week = 27.04 folds;
34 week = 25.75 folds, and 4" week = 25.72 folds) when
compared with the nonlesioned control animals in all the
period [Table 1].

Electron microscopic observation

Numerous small cells in the striatum showed a simple
cytoplasmic structure, while the large cells possess a
complicated fine structure. Under the electron microscope, two
kinds of cell can be differentiated in this region in preparations
fixed with glutaraldehyde-osmium. The cells with large
round nucleiin a light cytoplasm resemble the light-nucleated
cell. The cells with smaller and denser nucleus with deep
indentations, and a more densely packed cytoplasmmay
coincide with the dark-nucleated cells. Transverse section
of normal nerve fibers with varying size having few
mitochondria in axons was observed [Figure 3a and b]. White
matter adjacent to corpus striatum can also be observed,
shows thick and thinly myelinated nerve fibers. The neuropil
area showed a few axo-dendritic synapses with type 1
synaptic vesicle [Figure 3c and d]. The glial cells such as
oligodendrocytes and astrocytes with few nerve fibers were
also seen around [Figure 4a-c].

The6-OHDA lesioned corpus striatum showed that
the degenerating nigro-striatal axon terminals which
were fragmented and easily recognized in the area of
striatum. Most of the neuropil area of striatum observed
a similar stage of degeneration, being highly electron
dense and containing few recognizable organelles other
than swollen mitochondria and some vesicular elements.
The axo-dendritic synapses which were primarily
with spines were identified by the presence of a wide
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Table 1: Rotation for 60 min after apomorphine induced in 6-hydroxydopamine lesion and human amniotic
epithelial cells transplantation from the 1* week to 4" week

Group 1% week 2" week 3 week 4" week
Group [ 9.00+1.29 10.50+0.42 11.50+0.95 11.33+£1.22
Group II 9.00£0.81 7.50+0.95 6.83+0.40 6.66+0.66
Group I1I 255.66+18.17%*** 305.00+19.76*** 319.33426.77*%* 314.164+20.92%%*

**%P<0.001, *Comparison between Group I versus III. Values were measured in the number of rotation for 50 min after 0.05 mg/kg/
sc apomorphine. Each value represents mean+SE of six rats. Group I: Control, Group II: Sham control, Group III: 6-OHDA lesioned.

6-OHDA: 6-hydroxydopamine, SE: Standard error

Figure 3: Normal corpus striatum. Electron microscopic view of normal
corpus striatum in different magnifications. (a) Transverse section of normal
nerve fibers under lower magnification (x4.5), (b) Nucleus of normal nerve
cell (x4.5), (c) Neuropil area showing axo-dendritic synapses (S) (x10),
(d) Neuropil area showing few axo-denditic synapses (S) (¥45). NF: Nerve
fibres, S: Synapses, NC: Normal neuronal cell

i Ca

spread synaptic clefts with post synaptic density. The
axons were thick and thinly myelinated nerve fibers
showed loosening or separation of myelin lamellate
in 6-OHDA lesioned corpus striatum [Figure 5a]. The
glial cells such as astrocytes showed similar to nerve
cells with dense electron nucleolus and few nerve fibers
around it [Figure 5b]. The oligodendroglia contains few
stalks of rER, few mitochondria and part of astrocytic
cytoplasm showed dilated Golgi complex [Figure 5c].
The fragmentation of glial cells and few swollen
mitochondria surrounding cytoplasmic process have been
observed [Figure 5d].

Numerous axon terminals, which belong to striatal nerve
cells or other nuclei of glial cells, have been demarcated.
A few types of synaptic vesicles were distinguished by their
size or by presences of dense granules on their membranes,
which seems to be specific to corpus striatum. The neuropil
area showed few unclear axo-dendritic synapses with
swollen mitochondria in the neuronal process under higher
magnification [Figure 6a-c].

The present work demonstrates the effects of 6-OHDA in
degeneration of striatal neurons as well as the degree of
apomorphine hydrochloride-induced stercotyped rotational
behavioral in experimental rats. Subsequently, changes in
glial cells, such as astroglia, oligodendroglia, and microglial

Figure 4: Normal corpus striatum. Electron microscopic view of normal
corpus striatum in different magnifications. (a) Oligodendrocytes
and Astrocyte with it process (x2.0), (b) Oligodendroglia with nerve
fibers (x10), (c) Transverse section of normal nerve fibers under lower
magnification (x3.0). O: Oligodendrocytes, As: Astrocyte, NF: Nerve fibres,

activation following the dopaminergic neuron lesion were
observed [Figure 6d].

Discussion

We assessed the motor function using apomorphine-induced
rotation test, considered as reliable objective and closely
related to the degree of nigrostriatal dysfunction, as well
as DA depletion. Previous studies have demonstrated that
the intra-striatal injection of 6-OHDA causes retrograde
degeneration of SN dopaminergic neurons, resulting in the
depletion of the striatal DA.!2%

The 6-OHDA is a neurotoxin taken up into dopaminergic
neurons through the DAT, where the compound is
autooxidized to form semiquinone and superoxide anions
that subsequently are converted to hydroxyl radicals
through interaction with H O,. Injection of the toxin into
striato-nigral projections results in selective damage to
dopaminergic neurons and has been used to create widely
used models of PD in rats.?"! Ingham et a/. found that loss
of asymmetric synapses, remarkably same as the decrease or
loss in dendritic spine density found on medium sized spiny
neurons 26 days after the 6-OHDA lesion.?>?! Medium
sized spine and synapses loss complement with each other
and consistent with the suggestion that loss of spine after
the 6-OHDA lesion is accompanied by loss of a symmetric
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Figure 5: 6-hydroxydopamine (6-OHDA) lesioned corpus striatum.
Electron microscopic view of 6-OHDA lesioned corpus striatum in different
maghnifications, (a) Thick and thinly myelinated nerve fibers showing
loosening or separation of myelin lamellae (NF) (x4.5), (b) Astrocyte
with electron dense nucleus with few nerve fibers around (DN) (x10),
(c) Oligodendrocytes and part of astrocyte. Oligodendrocytes contains few
stalks of unfixed rER and a few Mitochondria-Part of astrocytic cytoplasm
shows dilated Golgi complexes (x10), (d) Uneven shaped nucleus probably
astrocyte and a few swollen mitochondria (M) surrounding cytoplasmic
processes (x10). NF: Nerve fibers, As: Astrocytes, DN: Dense nucleolus,
M: Mitochondria

synapses on these spines. Morphological plasticity has
been shown to occur in enkephalin-immunoreactive axons
collateral and terminal bouton of medium sized spiny
neurons in the rat neostriatum and globus pallidus after
unilateral 6-OHDA lesion of the nigrostriatal pathway.>*2¢

We suggest that there are at least three possibilities for
spine and synapse to disappear, first, spine and synapses
may be lost from a specific neuronal subtypes; second, there
may be a specific origin of the presynaptic synapses that
are lost, and third, the loss of DA may have a generalized
action that is independent of presynaptic or post synaptic
origins of the lost synapses.

We have recently reported that the changes and recovery
of antioxidants and the level of DA and its metabolites
changes in 6-OHDA lesioned and HAE cells transplanted
brain region in corpus striatum.?”!

Conclusion

The present findings confirm the utility of this staining
protocol for TEM. The ultra-structural changes in corpus
striatum show that the reduction of different types of
synapses, neuronal, and glial cells damage in the striatal
neurons and correlated with the apomorphine-induced
rotations. Furthermore, these findings suggest that
decreased neuronal volume as well as number contributes
to the functional deficits observed after unilateral 6-OHDA
lesion may also play a role in PD. The present study
provides further ultra-structural view on corpus striatum in
normal and 6-OHDA-induced PD rats. Further molecular
studies are needed to authenticate the 6-OHDA lesion in
corpus striatum.
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c
Figure 6: 6-hydroxydopamine (6-OHDA) lesioned corpus striatum.
Electron microscopic view of 6-OHDA lesioned corpus striatum in different
magnifications, (a) Neuropil area showing a few unclear axo-dendritic
synapses (x30), (b) Neuropil area showing unclear axo-dendritic synapses
and swollen mitochondria in neuronal processes (x30), (c) Unclear
axo-dendritic synapses in an neuropil area (x30), (d) Fragmented nucleus
of the nerve cell (x30). S: Synapses, FN: Fragmented nucleus
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- Original Article

Investigation of Intrathoracic Morphology in Computed Tomography

Images of Individuals with Anterior Chest Wall Deformity

Abstract

Objective: Morphological determination of the location, position, and level of the intrathoracic organs
in relation to the thoracic vertebrae of individuals with anterior chest wall deformity using computed
tomography (CT) images. Study Design: Retrospective study. Place and Duration of Study: Kayseri
Health Practice and Research Center, University of Health Sciences Turkey, Kayseri, Turkey,
January 2020-January 2022. Subjects and Methods: In the study, clinical and morphological
measurements of intrathoracic organs were performed on thorax CT images of 80 patients with
pectus excavatum (PE) and 70 pectus carinatum (PC) diagnose. Results: The mean Haller index (HI)
of patients with PE was measured at the highest T11 (Female: 3.79 cm, Male: 3.67 cm) and lowest
at T7 (Female: 3.41 cm, Male: 3 cm). The mean HI at all levels (T5-T11) was higher than healthy
individuals (P < 0.05). PE severity was higher in women than men. Due to the increase in the
severity of PE, it was determined that the heart was displaced in the left anterior, left posterior and
downward directions, and the cardiothoracic ratio (CTR) increased. In severe cases, it was seen that
the aorta was located on the left side of the corpus vertebrae in the left posterior region. In patients
with PC, the most severe HI value was measured at the T7 level (1.54 cm) in women and at the T9
level (1.42 cm) in men. There was no significant difference between the CTRs of patients with PC
and healthy individuals. Conclusion: We think that knowing the location, position, and levels of the
organs in cases with anterior chest wall deformity will shed light on clinical studies.

Keywords: Cardiothoracic ratio, Haller index, pectus carinatum, pectus excavatum, thorax

morphology

Introduction

Anterior chest wall deformities include
many congenital diseases. The most
common (80%—-90%) type of deformity in
the community is pectus excavatum (PE)
and develops with posterior depression of
the sternum and cartilage costal. Pectus
carinatum (PC), on the other hand, is
the second most common (15%—16%)
type in the community, and it is the type
of deformity in which the anterior chest
wall protrudes forward excessively. Other
deformities account for approximately
3%—4% of anterior chest wall deformities.!'*!

Anterior chest wall deformities begin to
appear from birth and become more evident
during childhood and adolescence when
bone development continues rapidly.['*
Today, although there are many indices for
measuring pectus severity and deciding on
surgery, the Haller index (HI) is the most
commonly used index in the clinic.[*¢

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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Knowing the location of the intrathoracic
organs is important in surgery, especially
when corrective surgery is  applied
for anterior chest wall deformities.l™
Depending on the severity of the deformity,
many  morphological  changes  such
as cardiac rotation, right ventricular
compression, and sternum torsion may
occur in the intrathoracic organs and
formations in patients with PE.[1%!1

In the literature review on anterior chest
wall deformities, it is seen that studies are
generally the ones for the diagnosis and
treatment of the disease or indexing studies
for surgical applications. However, there
are very limited studies on the position,
location, and levels of the organs in the
chest cavity due to these deformities.**!

In this study, we aimed to morphologically
determine the location, position, and level
of the intrathoracic organs of the individuals
with anterior chest wall deformity according
to the thoracic vertebrae using computed
tomography (CT) images.
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Subjects and Methods

This study was planned retrospectively, and ethics
committee approval was obtained (Date: March 02, 2020,
Decision No. 2020/28).

Within the scope of the study, the data of individuals who
applied to the Kayseri City Training and Research Hospital
Thoracic Surgery Polyclinic between January 1, 2010,
and December 31, 2020, and who had a thorax CT scan
were retrospectively scanned in digital environment in the
presence of a thoracic surgeon and radiology specialist,
and the patients with detected anterior chest wall deformity
were evaluated for deformity, type, age, and gender were
included in the study.

Within the scope of the clinical evaluation, the PACS
module was opened in the Hospital Information
Management System and the thorax CT images of the
patients and healthy individuals with PE deformity were
found at the lower levels of the T5-T11 vertebrae in the
axial section, and the vertebrac with the highest sternum
protrusion on the axial section of the patients with PC
deformity. HI measurements were performed at the
lower level [Figure la]. HI value; on the axial section
of the thorax CT image, the transverse length with the
widest inside of the chest was found by dividing the
length with the shortest intrathoracic anterior-posterior
distance [Figure 1a].

The HI value is also an indicator of the severity of the
deformity. Pectus severity values were evaluated as mild if
they were 2.5-3.2 cm, moderate if they were between 3.2
and 3.5 cm, and severe deformities if they were >3.5 cm.

The cardiothoracic ratio (CTR) was calculated by dividing
the transverse length of the heart by the transverse
length of the thorax to determine the intrathoracic

right front area

' A a [}
\_A
s A0 B / :

left rear area

Figure 1: (a) Haller index measurement (a/b), (b) Calculation of
cardiothoracic ratio, and (c) Division of the inside of the chest into four
regions in the axial section

location of the heart [Figure 1b]. The inside of the chest
was divided into four regions (left anterior region, left
posterior region, right anterior region, and right posterior
region) on the axial sections at the levels where PE
and PC were most severe, and the localization of the
intrathoracic organs was examined morphologically
and morphometrically [Figure Ic]. In addition, it was
determined what percentage of the heart was in the thorax
to the right of the midline or the left of the midline. The
obtained values were compared with the values of healthy
individuals.

Results

In the study, 6000 patient files were scanned and 1112 cases
with anterior chest wall deformity were found. Of these
cases, approximately 50% (554 cases; 475 men, 79
women) were PE, 47% (520 cases; 433 men, 87 women)
were PC, and 3% were cases with other deformities
(sternal deformities in 3 male and 1 female patients,
pectoral muscle deficiency in 1 male patient, and other rib
deformities in 10 female and 23 male patients).

Eighty PE (20 women and 60 men), 70 PC (18 women
and 52 men), and 110 healthy individuals were included
in the study. Most of the patients with PE and PC
deformities (75%) were men. The highest and lowest HI
values and thoracic levels of PE and healthy individuals are
given in Figure 2.

When the mean HI values of T5-T11 levels of patients
with PE and healthy individuals without deformity were
compared [Table 1], the values of patients with PE were
found to be higher (P < 0.05).

Six (30%) of 20 female patients with PE were mild,
3 (15%) were moderate, 11 (55%) were severe, 25 (41%)
of 60 male patients with PE were mild, 13 (21%) were
moderately severe and 22 (37%) were severe. Although
men constituted approximately 75% of the total number
of patients with PE, the severity of pectus was higher in
female patients than in males.

According to the thoracic vertebral levels (T5-T11), the
mean pectus severity values are 4.44 cm at the highest T9
level in female patients, 2.85 cm at the lowest T11 level,

mHighest (T11) mLowest (T7) mHighest (T5) mLowest(T8)
3,79
341 3,67 2,66 s 252
I I 3 I ) I 2’2
I I HEALTHY HEALTHY
PE FEMALE PE MALE FEMALE MALE
(N:20) (N:60) (N:55) N:(55)

Figure 2: The highest and lowest values of haller index (cm) in patients
with pectus excavatum and healthy individuals

206 Journal of the Anatomical Society of India | Volume 72 | Issue 3 | July-September 2023



Ozturk, et al.: Investigation morphology of individuals with chest wall deformity

and 3.95 cm at the highest T11 level in male patients, and
3.45 cm at the lowest T9 and T10 levels.

In the calculation for the intrathoracic location of the
heart in patients with PE, the mean CTR was found
to be 0.49 in female patients, 0.45 in healthy women,
0.46 in male patients, and 0.43 in healthy men. When
patients with PE and healthy individuals were compared
according to gender, the difference between the mean CTR
ratios of male and female patients with PE and healthy
females and males was found to be statistically significant
[P < 0.05, Table 2].

The results show that the heart shifts slightly to the left due
to the increase in pectus severity in patients compared to
the control group [Figure 3].

Considering the location of the heart in the mean chest
cavity in patients with PE [Table 2], there was no difference
between women with PE and healthy women, but the
difference between the ratio of heart placement to both the

Table 1: Haller index averages of T5-T11 levels
of individuals with pectus excavatum and healthy

individuals
Gender Thoracic X+SS t-test* P
levels PE Healthy individuals
(n=80) (n=110)
Female TS5 3.78+0.75 2.724+0.48 5.847 <0.05
T6 3.484+0.83 2.46+0.35 5.331 <0.05
T7 3.41+0.88 2.344+0.31 5.313 <0.05
T8 3.56£1.20 2.31+0.28 4.599 <0.05
T9 3.70+1.10 2.38+0.31 5.243 <0.05
T10 3.67+0.90 2.47+0.33 5.158 <0.05
T11 3.79+0.80 2.65+0.38 3.125 <0.05
Male T5 3.33+0.70 2.56+0.38 7.438 <0.05
T6 3.09+0.64 2.37+0.37 7.416 <0.05
T7 3.00+0.60 2.28+0.34 8.106 <0.05
T8 3.07+0.61 2.23+0.33 9.285 <0.05
T9 3.28+0.75 2.32+0.37 8.788 <0.05
T10 3.46+0.79 2.424+0.37 8.056 <0.05
TI11 3.67+1.19 2.42+0.33 3.345 <0.05

t-test*: Independent Groups t-Test. PE: Pectus excavatum, X:
Arithmetic mean, SS: Standard deviation

right and left between men with PE and healthy men was
found remarkable [P < 0.05, Table 2].

In the CT images of healthy individuals at T8 and T9 levels,
the heart is located in the 2/3 left anterior region, the aorta
is located in the left posterior region, in the left anterior of
the corpus vertebrae, and the esophagus is located in front
of the aorta, and the intra-abdominal organs are located in
the sections at T10 and T11 levels [Figure 4].

In patients with mild PE at T8-T11 levels, 1/3 of the heart
is in the right anterior region, 2/3 is in the left anterior
region, in moderately severe cases, almost the entire part
of the heart is in the left anterior region, in severe cases,
it was observed that the heart was located 1/2 in the left
anterior region and 1/2 in the left posterior region. In severe
cases at the T9 level, it was seen that the aorta was located
in the left posterior region and on the left side of the
corpus vertebrae, and the esophagus was located in front
of the left posterior region of the aorta. The most striking
finding at the T10 level was that the heart and lungs could
still be seen in this section in mild, moderate, and severe
cases. However, in the image of the healthy individual,
intra-abdominal organs were seen at the same levels.

In the study, it was observed that the morphological
changes in the T8-T11 levels, where PE is most severe,
generally shifted to the left anterior region, and then to
the left posterior region as the severity of the deformity
increased, depending on the increase in pectus severity. In
addition, it was determined that the inferior vena cava was
located between the sternum and the corpus vertebra due to
the increase in the severity of the pectus. It was remarkable
that the heart was still visible at the T10 level, especially
in PE patients. This showed that, depending on the pectus
severity, the heart not only displaced left anteriorly and
posteriorly, but also displaced downwards.

Of the 70 patients with PC, 74% were males and 26% were
females. When PC patients were classified according to
their subtypes, it was observed that 62 patients (44 males
and 18 females) (85.5%) were chondrogladiolar type; on
the other hand, chondromanumbrial deformity was detected
in 4 male patients and mixed type deformity in 4 male
patients. The level where the deformity was most severe

Table 2: Cardiothoracic ratio and percentage location of the heart in the thorax in healthy individuals and the ones
with pectus excavatum deformity

Gender Patients with PE (n=80) Healthy individuals (n=110) t-test* P
X+£SS Median X+SS Median
(minimum-maximum) (minimum-maximum)
CTR average Female 0.49+0.52 0.49 (0.39-0.58) 0.45+0.52 0.45 (0.35-0.59) 2.957 <0.05
CTR average Male 0.46+0.06 0.45 (0.36-0.59) 0.43+0.05 0.41 (0.33-0.60) 2.892 <0.05
Right-sided placement rate of the heart Female 31.65+7.69  32.25 (16.98—48.08) 34.02+£5.27 34.27(19.17-4491) —1.276 0.213
Left-sided placement rate of the heart Female 68.35+7.69  67.75(51.92-83.02) 65.98+5.27 65.73 (55.09-80.83) 1.276 0.213
Right-sided placement rate of the heart Male  32.80+7.86  33.86 (13.18-46.70) 35.61+5.79 34.57 (25.64-46.45) —2.191 <0.05
Left-sided placement rate of the heart Male  67.19+7.86  66.14 (53.30-86.82)  64.3945.79  65.43 (53.55-74.36)  2.191 <0.05

t-test*: IndependentGroups t-Test, CTR: Cardiothoracic ratio, PE: Pectus excavatum, X: Arithmetic mean, SS: Standard deviation
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T11

HEALTHY INDIVIDUAL
="

Figure 3: Cardiothoracic ratio calculations according to pectus severity at T9-T11 levels of patients with pectus excavatum

HEALTHLY INVIDUAL MILD TO SEVERE

Figure 4: Changes in intrathoracic morphology at T8-T11 levels of pectus excavatum (mild, moderate and severe) and healthy individuals

was observed to be T8 level (18 patients) and then T9
level (15 patients). According to gender, the most severe
level of deformity was measured at the T7 level (1.54 cm)
in the female patient and the T9 level (1.42 cm) in the
male patient. While there were no serious morphological
changes in the chest in T5-T7 sections of patients with PC
and healthy individuals, in T8-T10 sections it was observed
that the distance between the heart and the corpus vertebrae
particularly increased, the chest was compressed from the
sides, and protruded forward, and the anterior-posterior
distance increased.

The CTR was 0.42 in female patients with PC, 0.45 in
healthy women, 0.42 in male patients with PC, and 0.43
in healthy men. According to these results, there was no
significant difference between male and female patients
with PC and healthy female and male individuals.

The location of the heart in the mean thoracic cavity in
female patients with PC was 63.86% on the left, 65.98%
on the left in healthy women, 64.43% on the left in male
patients, and 64.39% on the left in healthy men. According
to these results, the location of the heart in the thorax due
to PC deformity did not change in male patients, while a
decrease in favor of the left side and an increase in favor of
the right side were detected in female patients.

Discussion

In the community, PE is seen more frequently than PC. In
many studies conducted in student and patient groups, the
number of patients with PE was found to be higher than the
number of patients with PC.'*'! In two different studies
conducted on primary and secondary school students in
Turkey in 2016 and 2018, the number of PC patients was

208 Journal of the Anatomical Society of India | Volume 72 | Issue 3 | July-September 2023



Ozturk, et al.: Investigation morphology of individuals with chest wall deformity

found to be higher than the number of PE patients.l'*!” In
our study, although the rate of PE (49.8%) was slightly
higher in 1112 cases with chest deformity, it was found to
be close to the rate of PC (46.8%).

HI is an important index used to measure the severity of
the deformity and this measurement is made at the thoracic
level where the deformity is most severe. However, studies
on HI measurements at other thoracic vertebral levels where
deformity is seen are limited. In a study in which the HI
value at the T3-T11 level of healthy individuals between
the ages of 8 and 18 years was calculated, the mean value
was 2.74 in 203 female individuals and 2.56 in 230 male
individuals.'®! In our study, the mean HI at T5-T11 levels
was measured as 2.42 in 55 healthy female individuals and
2.37 in healthy male individuals.

In a study on the prevalence of PE, in 297 (231 male,
66 female) patients, pectus severity values were found to
be higher in female patients than male patients, although
the number of male patients was higher than the number of
female patients, according to the results of HI measurements
made from T6, T8, processus xiphoideus, and maximum
depression levels.!'! In our study, the mean HI at T6-T11
levels was measured as 3.56 in female patients with PE and
3.17 in male patients. Similarly, pectus severity values at
T6-T11 levels of female patients were found to be higher
than male patients in our study.

In studies in which pectus severity was reported as mild,
moderate, and severe in patients with PE, it was reported
that the number of patients with “severe” deformities was
higher than the number of mild and moderate patients./2*-?
In our study, a total of 80 patients with PE were found to
be mild in 39%, moderate in 20%, and severe in 41%. In
our study and other studies, the number of patients with
“severe” deformities was found to be higher than the
number of “mild” and “moderate” patients.

In some studies conducted on patients with PC, the mean
value of HI is seen to vary between 1.90 and 2.20.11%23:24]
In our study, the mean pectus severity at T5-T10 levels of
70 (18 women, 52 men) PC patients was measured as 2.01.
It is seen that the HI results determined in our study and
the HI results in other studies are similar.

When pectus deformities are examined morphologically,
more morphological changes are observed in PE patients
compared to PC patients depending on collapse.

The anatomical location of the heart in the thorax may
change due to the increase in compression on the heart,
especially due to the severity of the PE deformity.

CTR is a ratio that reveals the size of the heart in the thorax.
Although knowing the CTR in pectus patients does not give
information about the true size or volume of the heart, it
gives information about the displacement of the heart in the
chest depending on the severity of the deformity.

In studies conducted to determine the location of the heart
in the chest in patients with PE, it has been reported that
CTR is increased in patients with PE and this increase is
mostly localized to the left side.*>?% In our study, CTR was
calculated as 0.47 in the patient group with PE and 0.44
in the healthy group. In addition, in our study, the rate of
the left placement of the heart in the female patient group
was 68.35%, 66.70% in female healthy individuals, 67.19%
in the male patient group, and 64.39% in female healthy
individuals.

In some studies, it has been reported that cardiac findings
increase depending on the severity of the deformity,
especially right ventricular changes and that the heart is
displaced as a result of the rotation of the sternum to the
right or left depending on the severity of the deformity.*!”

In our study, it was observed that the heart moved to the
left anterior region due to the increase in pectus severity
at T8-T11 levels, where PE was most severe, and then to
the left posterior region as the severity of the deformity
increased. It was remarkable that the heart was still visible
at T10 level, especially in PE patients. This showed that the
heart did not only shift to the left anterior and left posterior
direction depending on the severity of the pectus, but also
shifted downward depending on the severity of the deformity.

Conclusion

We think that knowing the location, position, and thoracic
vertebra levels of the organs in cases with anterior chest
wall deformity will shed light on clinical studies.

This study has several limitations. First, the study includes
retrospective and single-center results. Second, the sample
size was relatively limited.

Financial support and sponsorship
Nil.
Conflicts of interest

There are no conflicts of interest.

References

1. Rea G, Sezen CB. Chest wall deformities. In: StatPearls.
Treasure Island (FL): StatPearls Publishing; 2022. Available
from: https://pubmed.ncbi.nlm.nih.gov/31971714/. [Last accessed
on 2022 Aug 25].

2. Kutluk AC, Metin M. Congenital chest wall deformities. J. Turk
Spinal Surg 2017;28:195-204.

3. Zeybek A, Tosun K, Gencer C, Kalemci S, Oz N, Caliskan S,
et al. Association between the pectoral muscles and rib anomalies
in Poland syndrome. J Anat Soc India 2020;69:81-90.

4. Sujka JA, St Peter SD. Quantification of pectus excavatum:
Anatomic indices. Semin Pediatr Surg 2018;27:122-6.

5. Sesia SB, Heitzelmann M, Schaedelin S, Magerkurth O,
Kocher GJ, Schmid RA, et al Standardized Haller and
asymmetry index combined for a more accurate assessment of
pectus excavatum. Ann Thorac Surg 2019;107:271-6.

6. Haller JA Jr, Kramer SS, Lietman SA. Use of CT scans in

Journal of the Anatomical Society of India | Volume 72 | Issue 3 | July-September 2023 209


https://pubmed.ncbi.nlm.nih.gov/31971714/

10.

11.

13.

14.

15.

210

Ozturk, et al.: Investigation morphology of individuals with chest wall deformity

selection of patients for pectus excavatum surgery: A preliminary
report. J Pediatr Surg 1987;22:904-6.

Ito Y, Suzuki H, Sasahara Y, Mitsukawa N, Yoshino I. Can
surgical repair for pectus excavatum contribute to lung growth?
Interact Cardiovasc Thorac Surg 2021;33:928-34.

Hoffmann T, Katballe N, Stokholm Nerlinger T,
Vincenzo de Paoli F. Surgical correction of pectus carinatum.
Multimed Man Cardiothorac Surg 2020;2020. [Doi: 10.1510/
mmcts. 2020.050].

Ortiz JA, Abrego BV. Surgical correction of recurrent pectus
excavatum of an adult patient, case report, and review of
literature. Indian J Thorac Cardiovasc Surg 2020;36:226-30.
Capunay C, Martinez-Ferro M, Carrascosa P, Bellia-Munzon G,
Deviggiano A, Nazar M, er al. Sternal torsion in pectus
excavatum is related to cardiac compression and chest
malformation indexes. J Pediatr Surg 2020;55:619-24.
Rodriguez-Granillo GA, Raggio IM, Deviggiano A,
Bellia-Munzon G, Capunay C, Nazar M, et al. Impact of pectus
excavatum on cardiac morphology and function according to
the site of maximum compression: Effect of physical exertion
and respiratory cycle. Eur Heart J Cardiovasc Imaging
2020;21:77-84.

Biavati M, Kozlitina J, Alder AC, Foglia R, McColl RW,
Peshock RM, et al. Prevalence of pectus excavatum in an adult
population-based cohort estimated from radiographic indices of
chest wall shape. PLoS One 2020;15:¢0232575.

Westphal FL, Lima LC, Lima Neto JC, Chaves AR,
Santos Junior VL, Ferreira BL. Prevalence of pectus carinatum
and pectus excavatum in students in the city of Manaus, Brazil.
J Bras Pneumol 2009;35:221-6.

Rajabi-Mashhadi  MT, Ebrahimi M, Mobarhan MG,
Moohebati M, Boskabady MH, Kazemi-Bajestani SM.
Prevalence of chest wall deformities in a large sample of Iranian
children aged 7-14 years. Iran J Pediatr 2010;20:221-4.

Istk H, Caylak H, Sapmaz E, Karatas O, Kavakli K,
Sengiil fnan M, et al. Demographic characteristics of pectus
deformities across Turkey. Turk Gogus Kalp Damar Cerrahisi

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

Derg 2019;28:322-30.

Tokur M, Demir6z $M, Sayan M, Tokur N, Arpag H. Chest wall
deformities and coincidence of additional anomalies, screening
results of the 25.000 Turkish children with the review of the
literature. Curr Thorac Surg 2016;1:21.

Akkas Y, Giilay Peri N, Koger B, Giilbahar G, Baran Aksakal FN.
The prevalence of chest wall deformity in Turkish children. Turk
J Med Sci 2018;48:1200-6.

. Archer JE, Gardner A, Berryman F, Pynsent P. The measurement

of the normal thorax using the Haller index methodology at
multiple vertebral levels. J Anat 2016;229:577-81.

Fonkalsrud EW. Surgical correction of pectus carinatum: Lessons
learned from 260 patients. J Pediatr Surg 2008;43:1235-43.
Zhang DK, Tang JM, Ben XS, Xie L, Zhou HY, Ye X, et al.
Surgical correction of 639 pectus excavatum cases via the Nuss
procedure. J Thorac Dis 2015;7:1595-605.

Giirsu AH, Karagiin BS, Korkmaz O, Giirsu SS, Ugar MA.
Correlation between Haller index and echocardiographic and
spirometric findings in children with pectus excavatum. Turk
Kardiyol Dern Ars 2014;42:259-64.

Sarioglu FC, Gezer NS, Odaman H, Sarioglu O, Ulusoy O,
Ates O, et al. Lung density analysis using quantitative computed
tomography in children with pectus excavatum. Pol J Radiol
2021;86:€372-9.

Stephenson JT, Du Bois J. Compressive orthotic bracing in the
treatment of pectus carinatum: The use of radiographic markers
to predict success. J Pediatr Surg 2008;43:1776-80.

Jung J, Chung SH, Cho JK, Park SJ, Choi H, Lee S. Brace
compression for treatment of pectus carinatum. Korean J Thorac
Cardiovasc Surg 2012;45:396-400.

Saleh RS, Finn JP, Fenchel M, Moghadam AN, Krishnam M,
Abrazado M, et al. Cardiovascular magnetic resonance in
patients with pectus excavatum compared with normal controls.
J Cardiovasc Magn Reson 2010;12:73.

Simsek Z, Giinay E, Aksakal E, Kutucularoglu MG, Giineren G.
Evaluation of cardiopulmonary findings of young adult patients with
isolated pectus excavatum. Anadolu Kardiyol Derg 2011;11:77-8.

Journal of the Anatomical Society of India | Volume 72 | Issue 3 | July-September 2023



- Original Article

Morphometric Variations of the Suprascapular Notch using
Three-dimensional Computed Tomography Scans in a Group of Jordanian

Population

Abstract

Aim: The study was performed to understand the morphological anatomical variations of suprascapular
notch (SSN) among Jordanian population and to explore the correlation between the morphological
measurements according to gender, age, weight, and height. Materials and Methods: A total
of 182 computed tomography scans of scapulaec were analyzed for 91 patients. The type of SSN
was determined using a classification based on the following three geometrical measurements:
superior transverse diameter, middle transverse diameters, and maximal depth. Results: The most
common type predominated in the sample was Type III with percentages on the right and left,
respectively (89% and 84%), 4% for Type II, 7% for Type I, and 8% were having a foramen, whereas
absent SSN cases were 4%. On the left side, 1% for Type II, 15% who have Type I, and about 7%
of the patients have foramen, whereas absent SSN cases were 7%. Conclusion: Knowledge of the
anatomical variations of the SSN described in this study should be helpful in endoscopic and open
procedures of the suprascapular region and also may increase the safety of operative decompression

of the suprascapular nerve.

Keywords: Entrapment, foramen, scapular, shoulder, variation

Introduction

The superior border of the scapula runs
from the superior angle to the lateral
angle where a notch presents at the
root of the coracoid process called the
suprascapular notch (SSN).['?I The SSN is
an alternative varying to a foramen through
the attachment of the superior transverse
scapular ligament which can be ossified in
certain instances.** The foramen serves
as a route for the suprascapular nerve to
pass through.'! The suprascapular area
is well-renowned for the occurrence of
a number of anatomical variations in the
morphology of the notch specifically.
To many authors, the morphology of the
SSN is recognized as one of the causes of
suprascapular nerve entrapment.’”) The
morphology was classified to three main
shapes of being J, U, and V shaped.’~
Other coexisting or associated anatomical
pathologies of the notch that tends to
result in this neuropathy come to be the
ossification of the superior transverse
scapular ligament, narrowed V-shaped

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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SSN, hypertrophied subscapular muscle but
mainly and most importantly, the narrow
notch of the osteofibrous tunnel of the
path of the suprascapular nerve.”! Data of
the morphology of the SSN are critical for
analyzing the incidence of suprascapular
nerve entrapment, reducing its injury, and
approaching most effective treatment.¥
Although the morphology of the notch and
its relation to nerve entrapment has been
reported in many populations, data in
the Middle East specifically Jordan are
very much not present. This study aims
to determine the prevalence of various
morphological types of the SSN in the
Jordanian population in mention of the
presence or absence of sexual dimorphism
in the further goal of building ground for
the understanding of the pathophysiology
and treatment of suprascapular nerve
entrapment all based on new imaging
techniques.

Materials and Methods

In this study, high-resolution
three-dimensional chest computed
tomography (CT) scans (Siemens Somation
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Definition Dual Source) performed for 91 individuals who
come to the university of Jordan hospital. The sample has
50.5% males (n = 46) and 49.5% females (n = 45). The
sample was categorized according to gender, age, height,
and weight. First, the scapular region for each individual
was inspected to ensure that there are no kind of bruising,
fracture, trauma, and any sort of limitations in movement,
after those measurements were taken by radiology specialist
using the software built in CT scan system (Synapse 3D
Fujifilm). The classification of SSN types was based on the
classification used by Polguj et al.®® Imaginary lines were
drawn to get measurements to study the SSN, as shown in
Figure 1.

1- The superior transverse diameter (STD): value of the
horizontal measurements taken in the horizontal plane
between the corners of the SSN

2- The maximal depth (MD): maximum value of the
longitudinal measurements taken in the vertical plane
from the STD to the deepest point of the SSN

3- The middle transverse diameter (MTD): value of the
horizontal measurements taken in the horizontal plane
between opposite walls of the SSN at half distance of
the MD. According to the previous measurements, the
shape of the SSN classified into:

1. Type I the superior transverse distance less than the
MD distance

2. Type II the superior transverse distance equals the
MD distance

3. Type III the superior transverse distance more than
the MD distance

4. Type IV foramen

5. Type V absent notch or foramen.

The Results

All analysis was performed using IBM SPSS Statistics for
Windows, version 25.0. (Armonk, NY:IBM Corp). P < 0.05
was considered statistically significant. The test was used
for nonparametric data such as Mann—Whitney test (MW)
and Kruskal-Wallis test (KW), and the Student’s #-test to get
the means and standard deviations for each measurement.

Variations in the types of the supra-scapular notch

The results in Table 1 show the percentages of the different
types or shapes of SSN; the highest percentage on both the
right and left sides was for Type III, the least percentage
was for Type II, as shown in Figure 2.

Variations of the suprascapular notch according to
gender dimorphism on both sides

For the nonnormally distributed data, MW test as a
nonparametric test was used to explore the differences
between the measurements on both sides and if there is any
difference between males and females as shown in Table 2.
In Figure 3, different types of SSN were found on both
sides for the same individual.

Superior transverse distance

The results in Table 2 show the mean rank of the males’
STD (MR = 44.94, 44.89) is greater than the mean ranks of
the females (MR = 39.00, 36.11) on both sides, respectively,
with a nonsignificant value of MW test (Sig. = 0.263),
(Sig. = 0.091) between males and females on both sides.

Middle transverse distance

The results in Table 2 show the mean rank of males’
MTD (MR = 48.27) on the right side is higher than the mean

Figure 1: Dimensions of the suprascapular notch: A is superior transverse
distance (yellow), B is middle transverse distance (blue), C is maximal
depth distance (red)

Table 1: Percentages of suprascapular notch types

Type  Rightfrequency Percentage Left frequency Percentage
Type I 6 (n=83) 7.23 12 (n=80) 15.00
Type I 3 (n=83) 3.61 1 (n=80) 1.25
Type I 74 (n=83) 89.15 67 (n=80) 83.75
Type IV 7 (n=91) 7.69 6 (n=91) 6.95
Type V 4 (n=91) 4.39 6 (n=91) 6.95
Table 2: Variations in suprascapular notch
measurements according to gender
Male Female Significant MW

Right side n=42 n=41

STD 44.93 39.00 0.263 738

MTD 48.27 35.57 0.016 597

MDD 53.16 30.54 0.001 391
Left side n=40 n=40

STD 44.89 36.11 0.091 624

MTD 47.65 33.35 0.006 514

MDD 42.03 38.98 0.557 739

MW test used. STD: Right side mean=8.11, SD=3.06, Left side
mean=6.04, SD=2.43, MTD: Right side mean=6.30, SD=2.54, Left
side mean=4.16, SD=2.48, MDD: Right side mean=4.05, SD=2.58,
Left side mean=7.41, SD=2.92. STD: Superior transverse distance,
MTD: Middle transverse distance, MDD: Maximal depth distance,
MW: Mann—Whitney, SD: Standard deviation
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Figure 3: (a and b) suprascapular notch on right and left sides for one individual, (a) right side type | notch, (b) left side with a foramen type IV

rank of females” MTD (MR = 35.57) with a statistically
significant value of MW test (Sig. = 0.016). Moreover, the
results reveal that the mean rank of males’ MTD on the left
side (MR = 47.65) is higher than the mean rank of females’
MTD (MR = 33.35) with a statistically significant value
of MW (Sig. = 0.006). These results suggest significant
differences between patients’ right (MTD) and left (MTD)
measurements due to gender and in favor of males.

Maximal depth distance

It was found, as shown in Table 2, that the mean rank of
males’ MD on the right side (MR = 53.16) is more than the
mean rank of females” MD on the right side (MR = 30.54)
with a significant difference (Sig. = 0.0001) in favor of
males. In contrast, no significant differences between males’
and females’ measurements on the left side (Sig. = 0.557)
were found.

Variations of the suprascapular notch according to age

KW test was used. To conduct such a test, patients’ ages are
categorized into four percentiles, which are 1 (ages <43.00),

2 (ages <58.00), 3 (ages <71.00), and 4 (ages <88.00).
The results in Table 3 confirm that there are no significant
differences between patients measurements on both sides.
The significance values were (superior transverse distance
on the right and left (Sig. = 0.812 and 0.492) middle
transverse distance on the right and left (Sig. = 0.875 and
0.470, respectively) MD (Sig. = 0.746 and 0.646) according
to their ages.

Variations in suprascapular notch according to height

Four ranges were used to classify patients based
on their heights, which are: 1 (heights <160.00),
2 (161< heights <167), 3 (168< heights <174), and
4 (175< heights <186.00).

The results in Table 4 show that the highest mean rank
of superior transverse distance values on the right side
and left side was for patients with heights more than 160
and <167 (right side n = 83, n = 18), (left side n = 83, n = 16).

It should be noted that the highest mean ranks of
superior transverse distance on both sides for patients
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Table 3: Variations in suprascapular notch according to age

Age <43 Age <58 Age <71 Age <88 Significant KW (df)
Right side measurements n=21 n=24 n=20 n=18
ST 44.05 41.38 38.05 44.83 0.812 0.954 (3)
MT 44.14 39.48 40.55 44.47 0.85 0.690 (3)
MD 43.81 37.42 44.25 43.35 0.746 1.231 (3)
Left side measurements n=20 n=22 n=21 n=17
ST 45.6 37.84 35.86 43.68 0.492 241 (3)
MT 41.95 38.7 35.62 47.15 0.47 2.53(3)
MD 43.2 42.32 34.95 41.82 0.646 1.658 (3)
KW test was used. KW: Kruskal-Wallis, ST: Superior transverse, MT: Middle transverse, MD: Maximal depth
Table 4: Variations in supra-scapular notch according to height/Kruskal-Wallis test
Height 1 Height 2 Height 3 Height 4 Significant KW (df)
Right side measurements n=25 n=18 n=39 n=1
ST 34.28 45.03 44.9 67.5 0.309 4.53(3)
MT 32.12 47.17 45.08 76 0.054 7.66 (3)
MD 29.26 42.17 49.35 71 0.007 12.06 (3)
Left side measurements n=23 n=16 n=40 n=1
ST 34.02 47.88 40.34 78 0.111 6.00 (3)
MT 32.26 46.13 42.4 64 0.163 5.12 (3)
MD 38.43 42.56 39.93 78 0.401 2.94

KW: Kruskal-Wallis, ST: Superior transverse, MT: Middle transverse, MD: Maximal depth

with a height >174 were excluded because there is one
patient with such a height. In terms of the differences
between these groups, the results reveal that there are no
significant differences between patients’ STD on both sides,
respectively, Sig. = 0.309 and 0.111).

The middle transverse distance values indicate that
patients with heights more than 160 and <168 have
the highest middle transverse distance on the right side
mean rank (MR = 47.17) on the left side (MR = 46.13).
The results show nonsignificant variations according to
height (right side Sig. = 0.054) and (left side, Sig. = 0.163).

As shown in Table 4, the majority of the patients (n = 39)
with heights ranged between 168 and 175 have the
highest mean rank of the MD distance on the right
side (MR = 49.35), whereas patients with heights range
from 161 to 167 (n = 16) have the highest mean rank on
the left side (MR = 42.56). Notably, the results underline
significant differences between patients’ MD on the right
side due to height (KW = 12.06, Sig. = 0.007) and there
are no significant differences between patients’ MD on the
left side due to height (KW = 2.94, Sig. = 0.401).

Variations in suprascapular notch according to weight

Patients are categorized based on their weights into four
groups: Group 1 (n = 23, weight <64), Group 2 (n = 23)
(64< weight <78), Group 3 (n = 24), (78< weight <92.00),
and Group 4 (n = 21), (92< weight <115). Differences
between these groups are tested using KW test. As shown
in Table 5, the results reveal no significant differences
between patients’ measurements.

Discussion

Well awareness of the SSN anatomy may help to avoid
and accurately evaluate any impending case with signs of
pathology related to suprascapular nerve and vasculature.

This study was conducted to explore the different
morphological parameters of the SSN and its prevalence
in Jordan throughout a sample of 91 individuals and to
explore the possible presence of dimorphism between both
genders due to different reasons such as body habitus as
it was explored by previous studies that the suprascapular
nerve entrapment is more prevalent among males than
females.!!

The morphology of SSN was classified in many studies in
the literature; the oldest classifications, as mentioned by
Polguj,”! were taken by Hrdricka in 1942 and Olivier in
1960. Who described the notch by observations and then
the most cited classification was formed by Rengachary
et al. into which the SSN classified into six types.l'! In the
present study, the quantitative classification by Polguj et al.
was used and classified the types of SSN into five types by
measuring three distances on both sides: (1) The STD, (2)
The MD, and (3) The MTD.

The sample types in the prior studies were implemented
using either dried cadaveric specimens?®!'"131 or using the
radiological techniques such as MRLP! CT scans,** and
ultrasonography.!!)

The present study revealed that the predominating type of
the SSN in the Jordanian population was type III and by
scanning the previous studies, numerous studies described
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Table 5: Variations in suprascapular notch according to weight

Weight 1 Weight 2 Weight 3 Weight 4 Significant KW (df)

Right side measurements n=21 n=21 n=23 n=18
ST 41.98 40.1 47.41 37.33 0.579 1.96 (3)
MT 38.55 40.02 49.13 39.22 0.419 2.83 (3)
MD 34.76 48.67 43.5 40.75 0.303 3.64(3)

Left side measurements n=21 n=19 n=21 n=19
ST 36.9 40.21 45.18 38.89 0.638 1.69 (3)
MT 34.69 48.39 41.24 38.12 0.294 3.71(3)
MD 36.14 39.71 43.95 42.29 0.72 1.34 (3)

KW test was used. KW: Kruskal-Wallis, ST: Superior transverse, MT: Middle transverse, MD: Maximal depth

the variations in the morphometric dimensions of the SSN in
several populations; type III which is a symmetrical U-shaped
notch in Rengachary et al. and polji®'? was found to be the
most common type in many studies in different population
such as in Kenyan population (29%) and the least common
was the type IV (foramen),'! this is in match with Ugandan
51% for type III and the least common was type V which is
incomplete ossification of the suprascapular ligament, but
notably that the prevalence of completely ossified STSL
is moderately high (8.2%) in the Ugandan population
compared to other populations.’” In studying 423 scapulae
in Germany also, Type III was having the percentage that is
the highest (41.8%).%1 As well in India two different studies
showed that the presence of SSN was superior to the foramen
with type III; was the most common in the samples studied
32% and 48%, respectively, !¢ this finding was not in
consistent with the study by Kumar et al.,, in which type Il was
founded to have the highest percentages over the other types.!'”

Another study in Malawian population showed that
type 1 was the most common which is wide, shallow, and
V-shaped (36.8%).['7 In china, one study mentioned that
type II was the most common type observed in Chinese
in 171 scapulac (58.16%),!'! another more recent study
showed that type 1 (44.8%) was dominated over type 1L
Type IV which is, small V-shaped notch, was the most
common type in Italy observed in 156 scapulae (31.1%).2%

Some rare types were reported in the literature such as the
coexistence of both the suprascapular foramen and SSN,
which mentioned two Caucasian cases retrospectively
studied their CT scans and they found the presence of a
foramen separated with a bony bridge from a SSN,*
as well as in a study by Natsis ef al. three scapulae
were found to have a notch accompanied with a bony
foramen,'¥ comparing the present study in Jordanian, the
coexistence of a foramen with the SSN was not contained
within this study, but there were four cases who have a
foramen on one side and a notch on the other side, and
just two cases have a symmetrical foramina on both sides.
In Brazilian study, it was noticed that the presence of an
ossified transverse scapular ligament was common in a
study indicating that the foramen is the predominating type
over the SSN.2!" On discussing the effect of age, in a study
showed that the foramen and narrow notch formed from a

wide notch before and by the aging effect the SSN changed
in a way that become ossified to be a foramen.'* This is
in contest to a study by Albino et al. who mentioned a
significant effect of age on increasing the depth of notch
in age group above 73 years old.?” In this study, the effect
of age was not that significant and this could be related to
somehow to the sample count number of the CT scans of
scapulae and the age groups in the sample were restricted
to ages above 40s.

Interestingly, the core of this study was to explore the
sexual dimorphism effect on the morphology of the SSN as
well as the symmetry between both sides in each individual,
and the results showed that the middle transverse distance
was clearly more in males than females with a significant
values, especially on the left side, also the MD distance
was more in males compared to females with a significant
variation on the right side compared to the left side,
and this study one of the leading studies that accurately
perform a comparisons between males and females with a
correlation with symmetrical analysis for both sides.

Conclusion

The SSN morphology is of clinical significance and anatomical
importance. This is due to the effect it can pursue on the
suprascapular nerve entering through it causing its entrapment
and compression, which leads to complications related to the
shoulder immovability and its weakness. Thus, being one of
the causatives to what is known as suprascapular neuropathy.
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Anatomical Study and Clinical Significance of Basivertebral Foramen of

S1 Vertebra

Abstract

Background: Chronic low-back pain affects majority of the population worldwide. A paucity of data
on the morphology of basivertebral foramen of S1 vertebra hampers the understanding of vertebrogenic
cause of chronic low-back pain. The aim of the study was to investigate normal adult basivertebral
foramen (S1) morphometry and discuss its clinical significance. Materials and Methods: One hundred
sacra that consisted of dry bone and computed tomography scans were included in the study. All the
morphometric analyses on dry sacra were performed using sliding caliper. Topographic location of the
basivertebral foramen was studied based on its distance from the upper rim of the S1 body and the
closest distance from the nearest point of origin of pedicles. Shape, number, height, and depth of the
basivertebral foramen were noted. The data collected were subjected to statistical analysis was done using
GraphPad Prism version 7 for Windows, (GraphPad Software, Boston, Massachusetts, USA). Results:
The basivertebral foramina was found in the posterior aspect of the body of the S1 vertebra. The shape
of the foramina varied from round, tear-shaped, slit-like, and comma-shaped. The mean depth of the
foramen correlated with the anterior-posterior diameter of the body of the S1 vertebra. Conclusions:
Detailed knowledge of these foramen could be important for medical education because they could cause
changing operation techniques during surgeries and in the treatment of chronic low-back pain.

Keywords: Basivertebral, morphometry, pain, sacrum, treatment

Introduction

The anatomy of the topmost first sacral
vertebra is clinically important as it
constitutes the lumbosacral region along
with the fifth lumbar vertebra.l'! The
lumbosacral region is particularly vulnerable
to wear and tear, injury, misalignment, and
congenital and pathological derangement.
The stability of this region largely depends
on the morphometry of the constituent
bones, connecting ligaments, and
neurovascular integrity.!!! The first sacral
vertebra consists of large body with cruciate
arrangement of high-density trabeculae and
a prominent anterosuperior lip called the
promontory.?) The basivertebral foramina
are located at the posterior wall of the
body of the first sacral vertebra (centrum)
leading to the basivertebral canal. This
canal is traversed by basivertebral nerves
and vessels furnishing the blood supply and
transmitting pain signals.)

Chronic low-back pain affects majority
of the population worldwide. Although
several causes are delineated, two models
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of pain are suggested. Although several
causes are delineated, two models of
pain are suggested: Discogenic and
Vertebrogenic pain. The former arises due
to disc derangement and the latter arises
from the wvertebra specifically involving
the basivertebral nerve.! New modality of
treatment of such vertebral end plate nerve
dysfunction comprises basivertebral nerve
ablation procedures.

The basivertebral foramens are well-known
entities with respect to cervical, thoracic,
and lumbar vertebrae. However, the
anatomic data of S1 with respect to
morphological description of basivertebral
foramen have rarely been described in the
literature.?*-!

Thus, the current study aimed to describe
the morphology and topography of
basivertebral foramen and discuss its
clinical implications.

Materials and Methods

A descriptive study was designed after
obtaining approval from the institutional
ethical committee. Forty dry sacra of Indian
origin available in the archives of the
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osteology library department of anatomy were collected.
The age of the sacrum ranged from 55 to 75 years. Sex
of the sacrum as analyzed by sacral index consisted
of 22 female and 18 male sacra. All the morphometric
analysis was performed using sliding digital caliper
accurate to 0.01 mm. The S1 morphometric was analyzed
with respect to the anterior-posterior and transverse
diameter of sacral plateau aiming to detect any possible
correlation of sacral slope to the basivertebral foramen
morphometry. Topographic location of the basivertebral
foramen was studied based on its distance from the upper
rim of the SI body and the closest distance from the
nearest point of origin of pedicles. Shape, number, and
horizontal and vertical height of the basivertebral foramen
were noted.’! The patency of the foramen was studied by
introducing an orthodontic wire (thickness — 0.2 mm) into
the basivertebral canal.’! The depth of the basivertebral
canal was measured by passing the orthodontic wire
through the foramen till a point of resistance and marked.
The wire was later removed to measure the distance
traveled using metallic measuring scale. Vowing to the
limitation of precise measurements in the dried sacra,
the morphometry was also measured in the computed
tomography (CT) scans.

Imaging through computed tomography scans

The study included a retrospective analysis of CT scans
conducted on patients who had a pelvic or sacral CT in the
hospital from 2021 to 2022. Sixty sacral vertebrae of patients
of different age groups and either gender referred to the
department of radiodiagnosis of multispecialty hospital for
CT abdomen and pelvis were chosen. They were examined
for evaluation of other pathologies (such as ureteric

d

Figure 1: (a) Double basivertebral foramina* <1 mm diameter, (b) Double basivertebral foramina* >1 mm diameter, (c) Slit-shaped basivertebral foramina*,
(d) Trabeculated basivertebral foramina*, (e) Bony spicule dividing left-sided basivertebral foramen, (f) Multiple basivertebral foramina*

calculi, pain abdomen, pancreatitis, appendicitis, and liver
pathologies). Patients having spinal/vertebral lesions, spine
fractures, trauma history, and pathological deformity due to
tumor or infection were excluded from the study. Somatom
Definition as Plus (Siemens) 128-slice thickness CT scanner
was used for imaging. Images were reconstructed in bone
window with a thickness of 0.6 mm using appropriate filters.
Multiplanar reformation was used to discern the morphology
of basivertebral foramen (BVF) based on the imaging, and the
basivertebral foramen morphology and shapes (BVF) shapes
were classified into circular, elliptical, coma, teardrop, and
pinhead. Various measurements such as diameter of the
foramen (transverse and vertical), interforamen distance,
distance from either of the pedicles, promontory, and posterior
border of the body of the S1 vertebra were taken in axial and
coronal sections, whereas the depth of the foramen was taken
in sagittal view. Statistical analysis was done using GraphPad
Prism version 7 for Windows, (GraphPad Software, Boston,
Massachusetts, USA).

Results

In the dry sacra, the mean anteroposterior S1 vertebral
body measured 28.85 mm (standard deviation
[SD] = 2.97 mm), and the mean transverse diameter
measured 44.90 mm (SD = 3.93 mm). The male mean
values were found to be greater than female values. Out
of the total 40 sacra studied, 38 (95%) cases presented
with basivertebral foramina. These foramina were found
in the posterior aspect of the body of the S1 vertebra
closer to the midsagittal plane [Figure la-f]. Thirty-three
cases presented with double foramina. Five cases
showed multiple foramina >3 of unequal size, varying
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Table 1: Morphometry of the basivertebral foramina of the first sacral vertebra

Side Mean+SD
Diameter (mm) Depth (mm) Distance between Distance from upper Distance from
Vertical Transverse foramina (mm) rim S1 body (mm) pedicle (mm)
Right 3.1+1.7 2.4+1.7 7.1£3.03 3.35+0.77 9.4742.42 15.35+2.41
Left 3.5+1.7 2.6+1.6 7.0+2.60 9.41+1.78 15.65+2.53

SD: Standard deviation

Table 2: Computed tomography scan measurements of basivertebral foramen

Side Mean+SD
Diameter (mm) Distance between Distance from promontory Distance from
Vertical Transverse foramina (mm) S1 body (mm) pedicle (mm)
Right 1.48+0.58 1.384+0.34 0.64+0.22 13.83+1.87 13.85+1.69
Left 1.29+0.34 1.38+0.80 12.40+£2.51 13.85+1.96

SD: Standard deviation

shapes, and depth, as shown in Figure 1f. Symmetrical
foramina with respect to shape and size were observed
in eight cases although the depth differed. In 85%
of cases with double foramina, approximately equal
sizes were identified. The mean vertical height of the
foramina on the right side was 3.1 mm (SD = 1.7 mm),
and the mean vertical height on the left measured
3.5 mm (SD = 1.7). The mean transverse diameter on the
right and the left measured 2.4 mm (SD = 1.7 mm) and
2.6 mm (SD = 1.6 mm), respectively. The mean distance
of the foramina from the upper rim of the vertebral body
on the right was 9.47 mm (SD = 2.42 mm) and on the left
was 9.41 mm (SD = 1.78 mm). The mean distance from
the pedicle to the foramen on the right side measured
15.35 mm (SD = 2.41 mm) and from the left measured
15.65 mm (SD = 2.53 mm). The shape of the foramina was
circular [Figures la and b], teardrop, slit-like [Figure lc],
elliptical, comma and pinhead shape [Figure la]. An osseous
septum dividing most often a right-sided foramen and
duplicating it was seen in 1% of cases [Figure le]. In
majority of cases, the foramina were equidistant with a
mean distance of 3.35 mm (SD = 0.77 mm). The interior of
the foramina were trabeculated in fewer cases [Figure 1d].
The mean depth of the foramen on the right side measured
7.1 mm (SD = 3.03 mm) and on the left side measured
7 mm (SD = 2.60 mm). A positive correlation was
observed with respect to the depth of the foramina and the
AP diameter of the body of the S1 vertebra (right depth
and AP = 0.936, P < 0.01; left depth and AP = 0.757,
P < 0.01). The summary of the findings is tabulated in
Tables 1 and 2.

CT scan examination revealed basivertebral canal location
and morphometry [Table 2]. Around 35%-40% of cases
showed hypoplastic foramen (mostly on the right side), as
shown in Figure 2. In 25%—-30% of cases, the basivertebral
foramina were found closer to the promontory, as
illustrated in Figure 3. In 10%—15% of cases, the foramina
were closely placed to each other. There was no significant

Figure 2: Computed tomography view of the right-sided hypoplastic
foramen and decreased interforaminal distance (<0.5 mm)

difference in the measurements observed in the dry sacra to
radiological findings detected.

Discussion
Chronic low-back pain

Chronic low-back pain affects a large population globally,
and it is considered a leading cause of disability. The lifetime
prevalence of low-back pain is reported to be 49%—70% with
at least one episode of pain in one’s lifetime.l”” Low-back
pain is seen in those <45 years of age and is largely attributed
to occupation risks. The modern technological advancement
has led to prolonged sitting hours in workspace, and it is one
of the causes of low-back pain.’] However, aging, obesity,
and occupations requiring heavy labor and weight lifting are
other risk factors associated.!**!

Diagnosis of chronic low-back pain is complex. Specific
causes include pathological rearrangements of hernia nuclei
pulposi, infections, osteoporosis, rheumatoid arthritis,
compression fractures, and tumors. About 90% of patients
complain of nonspecific low-back pain, the cause of which
remains unknown.!”!
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Figure 3: Computed tomography view of the basivertebral foramina with
>3 mm interforaminal Distance

Sacral anatomy and low-back pain

The sacrum, located at the base of the vertebral column,
helps in the transmission of the body weight through its
fused bony elements. The first sacral vertebra is usually
associated with a wide range of morphological variations.
In the case of lumbarization of the sacral vertebra, the first
sacral vertebra behaves as the sixth lumbar vertebra and
thus behaves as a separate entity. On the contrary, the L5
vertebra could fuse to the sacrum partially or completely.
These are characterized as lumbosacral vertebra transitions
which are attributed to low-back pain conditions.'” The
discogenic pain is thought to be due to the sensitive
nociceptors in the annulus fibrosis of degenerating disc.
Contrary to this theory, recent evidence mark the injury
to the basivertebral nerve that innervates the vertebral end
plates suggestive of vertebrogenic low-back pain.[*

The basivertebral nerve

The basivertebral foramen on the posterior aspect of the
vertebral body is recognized using imaging modalities
such as magnetic resonance imaging and CT scans. The
basivertebral nerve traverses along with the nutrient
artery through this foramen which is least explored.!'
The paired nerve is a branch of the sinuvertebral nerve
which in turn is formed by a somatic root and autonomic
root of the ventral rami and gray rami, respectively.! It
ramifies to supply the vertebral end plate after traversing
one-third the distance of the vertebral body.'? Apart from
the lumbar vertebra, vertebrogenic pain is thought to have
a role in the pathogenesis of vertebrogenic pain due to the
change in vertebral curvature at L5 and SI and subjected to
biomechanical load. The S1 morphology is considered to
be largely varied among population and is associated with
the sacral slope and pelvic tilt. According to a study, the
basivertebral nerve of S1 vertebral body showed a variation
when compared with lumbar bodies. Here, the entry point
was along the lateral border with a lateral medial path and
clustering of nerves located at the vertebral center unlike the
posterior-anterior path taken in L5 vertebra.['¥] However, in
our study, we found that the foramen leading into the canal

traversed posteroanteriorly almost more than one-third
body of the vertebra. In certain cases, as seen through the
CT, they were close to the promontory. However, it was
difficult to discern the depth of the foramen radiologically.

A recent modality of treatment of chronic low-back pain
is a minimally invasive nerve ablation technique. This
method has resulted in effectively reducing the symptoms
of chronic low-back pain of vertebral origin. However,
researchers are still unraveling the anatomy of vertebral
column to use this technique effectively.*!*! The procedure
is done under CT guidance prerequisites that involve the
location of the nerve entry through transpedicular approach.
Initially, a cannula is placed through the pedicle into the
posterior aspect of the vertebral body to create a channel
followed by the placement of radiofrequency probe and
activated for a specified temperature and time. In our study,
the approximate distance of the foramen from the pedicles
was found to be 15 mm.

Other clinical considerations

In the present study, we found that the depth of the
basivertebral canal positively correlated with the AP
diameter of the body of the S1 vertebra. This basivertebral
foramen should not be confused for vertebral body
fractures. On the contrary, these foramina have been largely
attributed to vertebral body fractures when found in the
midline with larger diameter that can weaken the posterior
aspect and the axial plane of the vertebral body.”! Two
cases out of the 40 cases studied showed bilateral large
foramina with a maximum depth of >1 cm.

Road traffic accidents and trauma due to fall endanger
the sacrum for fractures in young individuals, whereas
osteoporotic changes are other causes of sacral fractures
in the elderly. The conventional method in the stabilization
of the lumbosacral region (posterior pelvic ring) includes
sacroiliac screw fixation and techniques. The limitation of
this technique is that displacement of the screws by 10 mm
or more can endanger surrounding neuronal foramina.!'!
While placing the screws, several factors are taken into
consideration such as the density of bone, screw length,
various trajectories, bony corridors, or neurovascular and
alimentary anatomy. The current study showed that their
distance from the pedicle on either side was approximately
15 mm and from that of the upper rim of vertebral body
was 9 mm.

These landmarks may guide the clinicians in sacral screw
insertion from several entry points as in case of S1 pedicle
screw placement or sacroiliac screw placement, thus
ensuring patient safety pre- and postoperatively.'> Further,
the basivertebral foramens are thought to communicate
with intravertebral clefts and are attributed to leakage of
cement during percutaneous kyphoplasty for vertebral body
compression fractures due to osteoporotic changes. The
depth and extent of the canal should be kept in mind while
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performing such procedures to minimize complications
such as neurogenic deficit, adjacent vertebral body
fractures, or pulmonary embolisms.!!!

A variety of neoplasms are known to affect the sacrum,
especially involving the sacral canal such as schwannomas,
neurofibromas, and ependymomas. They are known to
compress adjacent neuronal structures or pelvic organs.
The patient initially experiences low-back pain that can
go unnoticed. A rare cavernous hemangioma is thought
to involve adjacent neuronal foramina of the sacrum. The
basivertebral foramina could be involved in metastasis. It is
imperative that radiologists familiarize with such conditions
and their extent for better diagnosis and contribute toward
the treatment.™

Conclusion

The current study may provide an anatomical guide for
clinical practice and research, thus designing therapeutical
modalities in the treatment of chronic low-back pain of
vertebral origin. This study may help spine surgeons or pain
management physicians in exact location, morphometric
of the basivertebral foramen for surgical access to this
region, and thus optimize the treatment of low-back pain.
The authors also suggest that the morphology of the
basivertebral foramen of the S1 vertebra be taken into
account for surgical fixation of sacral fractures by screw
placements to minimize postoperative complications due to
the involvement of neurovascular structures traversing the
canal.
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- Original Article

Morphometric Study of the Third Ventricle and Thalamus by

Computerized Tomography

Abstract

Introduction: The third ventricle is a midline, slit-like cavity which is derived from the
primitive forebrain vesicle, lying in the sagittal plane below the fornix and the corpus callosum.
Much of the upper part of the lateral wall is occupied by the thalamus, that bulges convexly
into the ventricle. The cerebral ventricular system acts as a marker of brain development and a
predictor of neurodevelopmental outcomes. The thalamus is the gateway to the cerebral cortex.
Virtually all sensory systems pass through the thalamus on their way to the cerebral cortex, and
in turn, each part of the thalamus receives projections from the cortical area to which it projects.
Materials and Methods: For the study, cranial computed tomography scans of 180 patients
were studied. Anteroposterior diameter and transverse diameter of the third ventricle, thalamus,
and intracranial cavity were measured and were compared with males and females of the studied
population, and it was statistically analyzed. Results: The study showed an increase in the mean
third ventricular anteroposterior and transverse diameter as age advances in the three age groups
studied. There was no significant correlation in the anteroposterior or transverse diameter of the
cranial cavity between the three age groups studied. Both anteroposterior and transverse diameters
of the cranial cavity were larger in males when compared with females. Conclusion: The study in
Indian adults is on morphometry of the third ventricle and thalamus by computerized tomography
might help clinicians and radiologists to diagnose the pathologies ruling out the confronting effect
of aging in third ventricular and thalamic dimensions. The study might also help in defining the
age-specific third ventricular and thalamic diameters in the South Indian population.

Keywords: Brain, computerized tomography, third ventricle, ventricular system

system of the brain is helpful for clinicians,
neurosurgeons, and radiologists in clinical
practice.’”) The cerebral ventricular system
acts as a marker of the brain development
and a predictor of neurodevelopment
outcomes.?! Morphometric analysis of the
cerebral ventricular system is important for
evaluating changes due to growth, aging, and
intrinsic and extrinsic pathologies.*! With
the introduction of high-resolution cranial
computed tomography (CT), it is possible
to estimate ventricular area or diameter
and this is one of the revolutionary means
for morphologic study of the brain in vivo
models and provides images of transverse
slices of the brain without the use of contrast
media in plain study.”) In the present study,
morphometry analysis of normal third
ventricle and diencephalon in various age
groups of by the South Indian population
subjects was carried out to define the
age-specific third ventricular and thalamic
diameter variation seen across both genders
[Table 1]. This study might help clinicians
and radiologists to diagnose the pathologies

Introduction

Structure of the human brain is complicated
and not yet fully understood.!! As the
human brain ages, characteristic structural
changes occur and these mainly include
the gross and histopathologic changes with
regression of the brain tissue that leads
to the enlargement of ventricles. These
changes are commonly expected and are
considered normal. When these changes
happen faster than expected, it may indicate
the presence of a pathological process,
including some neuropsychiatric diseases
such as schizophrenia and Alzheimer’s
disease, as well as chronic alcoholism.
Hence, the morphometric analysis of brain
structures, such as volume, shape, and
size of the ventricular system, has become
the main area of interest recently in brain
research. The knowledge about the normal
and abnormal anatomy of the ventricular
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Table 1: Demographic profile of the study groups
depicting height and weight of the individuals expressed
in terms of meantstandard deviation based on their age

and gender as actual numbers

Variable Group 1 Group 2 Group 3
Age (years) 1840 41-60 61 and above
Gender (n)
Male 30 30 30
Female 30 30 30
Height (cm) 157.45+5 159.61+£8.57 160.35+10.25
Weight (kg) 61.48+10.1 64.53+9.78 63.32+10.61

ruling out the confronting effect of aging in third ventricular
and thalamic dimensions.

Materials and Methods
Subject recruitment and sample collection

The study was carried out at the Department of Anatomy in
association with the Department of RadioDiagnosis, KIMS
Hospital, Bengaluru. During the period of study, written
informed consent for the purposive sampling technique
was collected from the subjects through the Department
of Radiodiagnosis, KIMS Hospital, Bengaluru, and all
normal cranial CT scans of patients aged above 18 years of
either sex were chosen for the study. It encompasses three
groups mainly consisting of 30 males and 30 females aged
between 18 and 40 years, 30 males and 30 females aged
above 61 years above, and 30 males and 30 females aged
between 41 and 60 years were chosen to assess the cranial
CT scans of 180 patients in total.

Measurements of the thalamus and third ventricle
diameter

The anteroposterior diameter of the third ventricle was
measured in mm from the column of the fornix to the
pineal gland. Similarly, for the thalamus, it was from the
anterior pole of the thalamus to the pulvinar. The transverse
diameter of the third ventricle and thalamus was measured,
assessing the maximum transverse diameter in mm along
the horizontal axis.

Measurements of intracranial diameter

The intracranial anteroposterior diameter was measured
in the midline of the cranial cavity and the maximum
intracranial transverse diameter was also measured.

From the measured data, the anteroposterior diameter and
transverse diameter of the third ventricle, thalamus, and
intracranial cavity were compared with males and females
of the studied population.

Statistical analysis

Descriptive statistical analysis was carried out, and
results of continuous data were described in terms of
mean + standard deviation, and the results of categorical

data were presented in proportions (%). Statistical
significance was assessed at P > 0.05 for not statistically
significant groups, 0.01< P < 0.05 levels for moderately
statistically significant outcomes, and P < 0.01 was taken
up for highly statistically significant data. Student’s
t-test (two-tailed, independent) has been used to find the
significance of study parameters on a continuous scale
between three groups. The Pearson correlation has been
used to assess the correlations between the three groups.
ANOVA test has been used to find out the variability of
different parameters in three groups.

Results and Discussion

The majority of patients in the age group of 18—40 years
who underwent CT brain [Figure 1] gave a history of
fall (33%) and headache (32%). The majority of patients
in the age group of 41-60 years who underwent CT brain
gave a history of fall (35%), loss of consciousness (27%),
and dizziness (20%). The majority of patients in the age
group of 60 years and above who underwent CT brain gave
a history of fall (40%) and dizziness (32%) [Figure 2].

Third ventricular measurements

The mean anteroposterior diameter and transverse diameter
of the third ventricle in the age group of 1840 years are
24.01 = 1.56 mm and 7.04 + 1.88 mm, respectively. The
mean anteroposterior diameter and transverse diameter
of the third ventricle in the age group of 41-60 years are
2439 + 2.43 mm and 7.42 £ 1.24 mm, respectively. The
mean anteroposterior diameter and transverse diameter of
the third ventricle in the age group of 61 years and above
are 2531 £ 4.14 mm and 8.16 £ 1.96 mm, respectively.
From the above values, we observed an increase in the
mean third ventricular anteroposterior and transverse
diameter as age advances in the three age groups studied.
The anteroposterior diameter of the third ventricle in the
Mumbai population of age <60 years was found to be
24.1 mm in females and 24.2 mm in males by Meshram
and Hattangdi"! In our study, we found that the mean
anteroposterior diameters were 23.67 + 1.37 mm and
2428 + 1.68 mm in females and males, respectively, in
the 18—40-year age group. In the 41-60-year age group,
the values are 24.27 + 2.72 mm and 24.50 + 2.15 mm.
We did not find any statistically significant difference
between male and female values, and all these values are
in accordance with the previously published studies. The
mean anteroposterior diameter is 25.18 £ 3.81 mm and
2543 + 4.51 mm in females and males, respectively, and
the difference was not statistically significant in the age
group of 61 years and above [Figure 3]. Meshram and
Hattangdi observed the same (25.1 mm and 25.3 mm,
respectively, with statistical significance not commented on
in specific age groups by the authors).!"

The transverse diameter of the third ventricle in the Mumbai
population of age <60 years was found to be 5.73 mm in
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Figure 1: Computed tomography images of third ventricular and thalamic dimensions of three different age groups (a) between 18 and 40 years — males,
(b) between 18 and 40 years — females, (c) between 41 and 60 years — males, (d) between 41 and 60 years — females, (e) above 60 years of age — males,
(f) above 60 years of age — females segregated into male and female subjects

females and 7.26 mm in males by Meshram and Hattangdi. and 7.74 £ 1.29 mm. We found a statistically significant
In our study, we found that the mean transverse diameters difference between male and female values, and all these
were 6.50 £ 1.63 mm and 7.47 + 1.97 mm in females values are in accordance with the previously published
and males, respectively, in the 18—40-year age group. In studies of Meshram and Hattangdi.!! In the age group of
the 41-60-year age group, the values are 7.10 + 1.13 mm 61 years and above, the mean third ventricular transverse
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Figure 2: Pie diagram showing the distribution of indications for taking CT among the three age groups. CT: Computed tomography, LOC: Loss of

consciousness
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Figure 3: Third ventricular dimensions in three age groups depicting the TVAP diameter. TVTD: Third ventricular transverse diameter, TVAP: Third

ventricular anteroposterior

diameter is 7.87 + 2.22 mm and 845 + 1.65 mm in
females and males, respectively, and the difference was
not statistically significant in our study. Meshram and
Hattangdi observed the same (7.99 mm and 8.43 mm,
respectively, a statistical significance not commented on in
specific age groups by the authors).!"! This similarity in the
values noted in our study when compared with Meshram
and Hattangdi’s study may be due to the similarity in the
total number of the population studied and the studied
population in both were Indian.

The values studied in males remained larger than females
may be explained in this way. The Ideas of differences in
male and female brains, circulated during time of ancient
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and Greek philosopher. In 1854, Emil Huschke discovered
that the frontal lobe of the male is all of 1% larger than
that of the females. As the 19% century progressed,
scientists began researching sexual dimorphisms in the
brain significantly more. Many studies attributed these
changes to sexual selection and mate preference throughout
evolution. There are many other factors, like sex hormones,
that play an important role in the differences between
male and female brain anatomy. Alteration in cerebral
white matter and subcortical neurological loss may be
the predominant effect of age-related atrophy. The causes
of sex differences in brain atrophy are still unclear and
may be attributed to internal and external factors. Sex
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hormones may be involved in the former, whereas natural
environment, family circumstances, education, and habits
such as smoking and alcohol may be involved in the latter.
Compared with external factors, levels of sex hormones
on brain structures may be more important. Testosterone
administration enhances spatial cognition in older men,
which suggests a relationship between testosterone, brain
volume, and spatial cognition.[! This explains the larger
dimensions of the third ventricle in males.

Thalamic measurements

In the present study, the mean anteroposterior diameter
and transverse diameter of the thalamus in the age group
of 18-40 years are 31.9 + 2.34 mm and 14.35 = 1.86 mm,
respectively. The mean anteroposterior diameter and transverse
diameter of the thalamus in the age group of 41-60 years are
30.75 £ 4.27 mm and 14.14 £ 1.68 mm, respectively. The
mean anteroposterior diameter and transverse diameter of
the thalamus in the age group of 61 years and above are
29.24 + 3.02 mm and 13.92 £ 1.72 mm, respectively. From
the above values, we observed a decrease in mean thalamic
anteroposterior and transverse diameter as age advances in
the three age groups studied.

The anteroposterior diameter of the thalamus in the
Mumbai population of age < 60 years was found to be

30.18 mm in females and 31.05 mm in males by Meshram
and Hattangdi.'"! In our study, we found that the mean
anteroposterior diameters were 31.11 £ 2.29 mm and
32.53 £2.21 mm in females and males, respectively, in 18—
40-year age group. In 41-60-year age group, the values are
29.99 + 3.04 mm and 31.50 + 5.16 mm, respectively. We
did not find any statistically significant difference between
male and female values in the age group of 41-60 years,
but it is statistically significant in the 18-40-year age
group [Figure 4]. All these values are in accordance with
the previously published studies.

In our study 61 years and above, the mean anteroposterior
diameter is 28.90 £ 3.65 mm and 29.58 £ 2.25 mm in
females and males, respectively, and the difference was
statistically not significant. Meshram and Hattangdi
observed the same (28.90 and 29.60 mm, respectively, with
statistical significance not commented on in specific age
groups by the authors).[!

The transverse diameter of the thalamus in the Mumbai
population of age <60 years was found to be 14.22 mm
in females and 14.15 mm in males by Meshram and
Hattangdi.!V! In our study, we found that the mean transverse
diameters were 14.19 + 1.84 mm and 14.47 £ 1.90 mm
in females and males, respectively, in the 18—40-year
age group. In the 41-60-year age group, the values are
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13.91 + 1.88 mm and 14.38 + 1.44 mm. We did not find a
statistically significant difference between male and female
values, and all these values are in accordance with the
previously published studies of Meshram and Hattangdi.!"!

the similarity in the number of population studied and the
studied population in both were the Indian population.

Cranial cavity measurements

In our study, the mean anteroposterior diameter and transverse
diameter of the cranial cavity in the age group of 1840 years
are 144.81 = 7.21 mm and 126.05 £ 5.58 mm, respectively.
The mean anteroposterior diameter and transverse diameter
of the cranial cavity in the age group of 41-60 years are
146.48 £ 7.29 mm and 126.19 £ 6.20 mm, respectively. The
mean anteroposterior diameter and transverse diameter of
the cranial cavity in the age group of 61 years and above
are 144.78 + 7.12 mm and 125.62 £ 6.29 mm, respectively
[Figure 5]. We observed that there is no significant correlation

In the present study of the age group of 61 years and
above, the mean transverse diameter of the thalamus is
13.63 = 1.53 mm and 14.21 + 1.86 mm in females and
males, respectively, and the difference was not statistically
significant. Meshram and Hattangdi observed the same
(13.60 and 14.21 mm, respectively, with statistical
significance not commented on in specific age groups by
the authors).!! The similarity between our study and the
study conducted by Meshram and Hattangdi may be due to
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with age in anteroposterior or transverse diameter of the
cranial cavity in the three age groups [Figure 6].

Conclusion

This study in Indian adults is on morphometry of the third
ventricle and thalamus by computerized tomography. This
study might help clinicians and radiologists to diagnose the
pathologies ruling out the confronting effect of aging in
third ventricular and thalamic dimensions. The study might
also help in defining the age-specific third ventricular and
thalamic diameters in the South Indian population.
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Psychosocial Stress and Fertility: The Preventive Potentials of Vitamin E

Abstract

Background: Chronic exposure to psychosocial stressor could lead to various side effects, such
as maladaptation by various physiological and immunological systems. Objective: This study
investigated psychosocial stress-induced damage on the testes and epididymis using animal models
and the effects of Vitamin E. Materials and Methods: A total 40 adult Wistar rats were divided
into 2 groups (S and L) representing 52 and 104 days of experimentation. The 2 groups were
subdivided into 4 groups each (S = A-D and L = E-H, n = 5 each). Groups A and E served as
control, B and F were psychosocially stressed, C and G were administered 50 mg/kg of Vitamin
E, while D and H were psychosocially stressed and administered 50 mg/kg of Vitamin E for 52
and 104 days, respectively. Psychosocial stress was induced on the rats using cats as predator. The
weight, blood parameters, and tissue samples were obtained on days 53 and 105 and analyzed.
Statistical analysis was carried out using GraphPad Prism Version 8 (San Diego, CA, USA).
Results: Psychosocial stress resulted in a significant reduction in weight and negatively affected
oxidative stress markers and sperm parameters of the animals (P < 0.05). Histological analysis
showed that stress arrested spermatogenesis and disorganized the seminiferous tubular epithelium
and reduced the semen quality. There was scanty sperm in the epididymis of stressed groups.
However, Vitamin E reversed these changes and improved the quality of semen compared to the
negative control group. Conclusion: Vitamin E was potent at ameliorating the deleterious effects of

psychosocially induced stress.

Keywords: Infertility, male fertility, posttraumatic stress disorder, psychosocial stress, Vitamin E

Introduction

Psychosocial stress is seen as a result of
the ineptness to appropriately manage
day-to-day demands when they go
beyond coping resources.!! Some of
these stressors include thinking of how
to provide for the family, especially
in a jobless society; a backwash of
vulnerability to hash, adverse or tragic life
occurrences in the convivial environment;
the anxiousness to cater for the children’s
school fees or the “Coronaphobia” of
COVID-19. Trrespective of the diversity
between the psychosocial stress which
vary with populations, chronic exposure to
psychosocial stressor could lead to various
side effects, such as maladaptation by
various physiological and immunological
systems.!

Several researchers have divulged the
connection between stress and infertility
in male animals.”>! These reports show
that chronic psychological and physical

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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stress reduces rat’s sperm population,
motility, and fertilization capacity. Chronic
stress can induce erectile dysfunction,
possibly resulting from neuronal changes
in various erectile tissues.”! Available
research within reach divulge that stress
exposure upregulates the exertion of the
hypothalamic—pituitary—adrenal (HPA)
axis and with a consequent lowering of
the hypothalamic—pituitary—gonadal (HPG)
axis activities.”? There is inhibition of
testosterone (TESTO) secretion in male
animals open to chronic stress.®! Exposure
of males to chronic stress can also result
in suppression of spermatogenesis,”!”
reduction in fertility, and sexual behavior
of animals.'"'? This is elucidated by
the actuality of the stress system and
reproductive system modus operandi being
directly linked.!'*!

Vitamin E is an organic fat-soluble compound
found predominantly in the membrane of
cells.'¥ Tt is a potent antioxidant and stops
free radicals (hydroxyl) and superoxide,
thereby diminishing the peroxidation of lipids
created by reactive oxygen species (ROS) at
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the plasma membrane level.' Various researches on Vitamin
E supplementation have revealed significant benefit on semen
parameters, especially its effect on sperm motility.l'>'” Others,
however, have indicated its inefficiency in providing any
significant effect on semen parameters.['

Studies have reported the decline in male fertility rate of
15% worldwide which affects approximately 8%—12% of
couples who wants to conceive.'”?”) Male infertility is the
sole contributing factor in roughly 40%—50% of infertility
cases, of which 25% is idiopathic?*?!! The prevalence of
infertility in Sub-Saharan Africa affects approximately
20%—40% of its population. In Nigeria, 40% to 50% is
attributed to male causes, varying from region to region
and reported to be on the increase.”” Myriad of challenges
encountered in these regions could be a predisposing
factor in emotional trauma and psychosocial stress, thus,
increasing the prevalence of infertility.”? To access this
demeanor of individuals, the focus is directed toward
psychosocial stress where the provenance of the stressor
is neither exercise nor physical exertion related. There is
fewness of data on the eventuality of psychosocial stress
on the testes and epididymis and its management using
Vitamin E; therefore, it is increasingly important that
researchers focus on pharmacological compounds with
stress ameliorating capacity, in order to reduce the growing
menace which severely affect male fertility.

This study investigated the effect of Vitamin E on
psychosocial stress-induced damage on the testis and
epididymis by evaluating the effects of Vitamin E on the
body weight and organ weight, parameters of oxidative
stress of the testis, serum concentration of gonadotropic
and testicular hormones, corticosterone (cortisol), and
the histology of the testis and epididymis of Wistar rats
exposed to psychosocial stress.

Materials and Methods
Experimental design

A total of 40 adult Wistar rats (180-250 g) were divided
into 2 groups (S — short duration and L — long duration,
n = 20 each) representing 52 days and 104 days of
experimentation. Each of these groups was subdivided
into 4 groups (S = A-D and L = E-H, n = 5). Groups A
and E served as control and were neither administered
Vitamin E nor psychosocially stressed. Groups B and F
were psychosocially stressed in a posttraumatic stress
disorder (PTSD) animal model chamber for 3 h/exposure
daily for 52 and 104 days’ duration (respectively)
without Vitamin E administration. Groups C and G were
administered with a daily dose of 50 mg/kg/body weight
of Vitamin E only for 52 and 104 days (respectively)
without exposure to psychosocial stress. Groups D and
H were administered with a daily dose of 50 mg/kg/body
weight of Vitamin E and placed in the PTSD animal model
chamber for 3 h/exposure daily for 52 and 104 days’

duration (respectively), and all rats in these groups were
sacrificed on the 53 and 105" days, respectively.

Procedure for induction of psychosocial stress

Each adult Wistar rat was kept in a 20 cm x 20 cm x 10 cm
metal cage restrainer (PTSD animal model chamber) and
taken to the cats housing and placed on the floor of the room
with the adult cats. The metal cage restrainer forestalled any
physical acquaintance between the cats and the rats, but the
rats were exposed to all sensory stimuli associated with the
cat. Cat feed was given to the cats to heighten cat motor
activity during exposure. Each rat restrainer was placed in
between the predator cats at certain duration and intervals
to induce a preclinical PTSD that closely portrays signs and
symptoms as observed in human patients.?*? The animals
were randomly sorted in their original cages after each stress.

Animal care and management

Adult Wistar rats were obtained from the animal holdings
of the Department of Anatomy, University Benin. The
rats were sheltered in well-ventilated wooden cages in the
animal facility of the Department of Anatomy, University of
Benin, Benin City. The rats were left to acclimatize to the
environment for 2 weeks under standard laboratory conditions
before the experiment commenced. The rats in each group
were allowed access to standard rat chow (Premier Feed Mills
Co. Ltd, a subsidiary of Flour Mills of Nigeria Plc) and water
ad libitum throughout the experimental period. The two cats
utilized for all predator exposures were obtained from Uselu
market, Ugbowo, Benin City. The cats were acclimatized
for 2 weeks and sheltered in an open room with access to
food and water freely throughout the experimental period.
The cat room was maintained on the same light/dark cycle
as that of the rats. The animals were weighed twice a week
using a top loader weighing scale. Care and management of
animals were done in accordance with international, national,
and institutional guidelines for the care and use of laboratory
animals in biomedical research.*

Collection and management of Vitamin E

Natural synthetic pure Vitamin E, a product of Nature’s
field (a dietary supplement) Vitamin E 1000 IU,
manufactured by Bactolac Pharmaceutical Inc., 7 Oser
Avenue, Hauppauge, NY 11788, USA, NAFDAC REG
NO: B4-1620, was obtained from Grace Pharmaceutical
stores, Ugbowo, Benin city and stored in dark containers
prior to administration.

Collection of blood samples/hormonal assay

At the end of each experimental phase, blood samples
were collected in lithium heparin bottles from the
inferior vena cava of each rat after sacrifice. The blood
samples were then centrifuged at a speed of 5000
revolutions per minute for 15 min. The supernatant was
then collected, refrigerated at —20°C, and later assayed
for prolactin (PRL), estrogen (ESTROG), cortisol,
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progesterone  (PROG), luteinizing hormone (LH),
follicle-stimulating hormone (FSH) and TESTO using
enzyme-linked immunosorbent assay (ELISA) and hormone
test kits (AccuBind ELISA Microwells manufactured by
Monobind Inc., Lake Forest, CA 92630, USA).

Procedure for luteinizing hormone

The procedure for luteinizing hormone as described by
Tietz was adopted.®

Procedure for prolactin and follicle-stimulating hormone

The procedure is same with LH except for the specific
enzyme-labeled antibody biotinylated monoclonal mouse
immunoglobulin G in buffer, dye, and preservative.?”

Procedure for testosterone and corticosterone

The procedure for TESTO and corticosterone as described
by Tietz was adopted.**

Procedure for progesterone and estrogen

The procedure for Progesterone and estrogen as
described by Tietz was adopted. The vial of working
substrate for PROG contains PROG (analog)-horseradish
peroxides (HRP) conjugate in a protein stabilizing matrix
with red dye and the vial working substrate for estradiol
contains estradiol (analog)-HRP conjugate in protein
stabilizing matrix with red dye.?®

Tissue processing

Standard histological techniques were employed for the
testis tissue processing and staining®®?! as described below.

The testes were trimmed to about 3-5 mm thick sections
and processed using the paraffin wax embedding method

as follows. Sections were dehydrated for 1 h each at room
temperature through ascending grades of ethanol: 70% ethanol,
90% ethanol, absolute ethanol I, and Absolute ethanol II. The
dehydrated tissues were cleared in two changes of xylene for
1 h in each change followed by infiltration in two changes of
molten paraffin wax at 60°C for 1 h in each change and finally
embedding in paraffin wax multi-block plastic embedding
molds. The paraffin-blocked tissues were trimmed and mounted
on wooden chocks for sectioning on a rotary microtome.

Sections of 5 um thickness were produced from the
tissue blocks using a rotary microtome (Bright B5143,
Huntington, England). The sections were transferred into
water bath (40°C) to allow the spreading of the folded
ribbons of sections. These sections were mounted on clean
glass slides and dried at 40°C on a slide drier to enhance
adherence of the sections of the slides.

Hematoxylin and eosin staining procedures

The sections were washed for 2 min in xylene twice
and rinsed for four min in alcohol twice. They were
subsequently hydrated by sequential passage through
descending grades of alcohol with the final passage in
distilled water, as indicated in Table 1.0282

Photomicrography

Slides containing histological sections were examined
under Olympus CX 23 research microscope with an
attached digital camera manufactured by Olympus Opto
Systems India Pvt. Ltd. A-5, Mohan Co-operative Industrial
Estate, New Delhi - 110 044, India. Photomicrographs of
the tissue sections were taken at various magnifications,
and an objective micrometer gauge was used to measure
the diameter of the field of view.

Table 1: Preparation and staining of tissue sections

Step Procedure Duration
la I** wash in xylene to dewax 2 min
1b 2™ wash in xylene to dewax 2 min
2a Rehydrate in alcohol absolute grade I 2 min
2b Rehydrate in alcohol absolute grade II 2 min
2c Rehydrate in 95% alcohol 2 min
2d Rehydrate in 90% alcohol 2 min
2e Rehydrate in 70% alcohol 2 min
2f Rehydrate in 50% alcohol 2 min

3 Rinse in distilled water 3 min

4 Stain in hematoxylin 15-20 min
5 Rinse under running water to remove excess stain 2-3 min
6 Examine section under microscope to confirm adequate staining

7 Dip in acid alcohol (0.5% HCL in 70% ethanol) 3s

8 Rinse under running water to remove acid alcohol 10-15 min
9 Counterstain in 1% aqueous eosin 2—4 min
10 Rinse under running water to remove excess stain

11 Dehydrate rapidly in ascending grades of ethanol (50% through absolute ethanol)

12 Clear in xylene and mount in a synthetic resin medium (DPX) using clean glass cover slip

DPX: Dibutylphthalate Polystyrene Xylene, HCL: Hydrochloric acid
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Statistical analysis

The data procured were analyzed using descriptive
statistics and inferential statistics. Values were presented
as mean + standard error of means (SEM) on tables. All
statistical analysis was done with the aid of GraphPad
Prism (Version 8) software manufactured by GraphPad
Software Inc., 7825 Fay Avenue, Suite 230 La Jolla, CA
92037, USA. The significance of the difference in the
means of all parameters was determined using one-way
analysis of variance (95% confidence interval) for more
than two sets of data comparison and #-test for two sets
of data. A post hoc test was carried out using Dunnett’s
multiple comparisons for all groups and compared with
control. P <0.05 was considered statistically significant.

Ethical approval

Prior to the commencement of this research, ethical
clearance was obtained in the year 2018, with reference
number UPH/CEREMAD/REC/MMS55/012  from  the
University of Port Harcourt Ethics Committee, Rivers
State, Nigeria.

Results
Data analysis

The results of this study are presented in bars and
micrographs. Values are represented as Mean + SEM for
each group; alphabets “*” indicates a significant difference
at P < 0.05 change in weight compared with control.

Effect of psychosocial stress, Vitamin E on body weight

Figure la and b shows the body weight of rats
psychosocially stressed only, treated with Vitamin E
only, and those stressed and treated with Vitamin E for
52 and 104 days, respectively, compared with control.
A significant decrease (P = 0.0047) was noticed in the final
body weights of rats exposed to stress for 52 days when
compared with control. No significant divergence was
noticed in the final body weight of rats treated with only
Vitamin E (P > 0.99), stressed, and treated with Vitamin

E (P = 0.2334) for 52 days when compared with control.
There was a significant decrease (P = 0.0008) in the final
body weight of rats psychosocially stressed for 104 days
in comparison with the control. No significant difference
was seen in the final body weights of rats treated with
only Vitamin E (P = 0.0794), psychosocially stressed, and
treated with Vitamin E (P = 0.1169) for 104 days when
compared with control.

Effect of psychosocial stress, Vitamin E on organ weight

Figure 2a and b shows the comparison of organ weights
of rats psychosocially stressed only, treated with Vitamin
E only, and those stressed and treated with Vitamin E for
52 and 104 days with control. There was a significant
decrease in the weights of the right testes (P = 0.0133),
left testes (P = 0.0148), paired testes (P = 0.0052), right
epididymis (P = 0.0005), left epididymis (P < 0.0001),
and paired epididymis weight (P < 0.0001) of rats
after stress for 52 days when compared with control.
No significant difference (P > 0.05) was seen in the
weights of the right testes, left testes, paired testes, right
epididymis, left epididymis, and paired epididymis weight
of rats treated with only Vitamin E and those treated
with Vitamin E and stressed for 52 days when compared
with control. However, the weight of the testes and
epididymis in relativity to body weight was significantly
elevated (P = 0.0001 and P = 0.0440, respectively) in the
stressed group when compared with control. There was
a significant decrease in the right testes (P < 0.0001),
left testes (P = 0.0007), paired testes (P = 0.0001), right
epididymis (P = 0.0004), left epididymis (P = 0.0007),
and paired epididymis weight (P = 0.0006) of rats open
to stress for 104 days when compared with control. No
significant difference (P > 0.05) was seen in the weights of
the right testes, left testes, paired testes, right epididymis,
left epididymis, and paired epididymis weight of rats
administered with only Vitamin E and those treated with
Vitamin E and psychosocially stressed for 104 days when
compared with control. However, the relative testis weight
was significantly lower (P = 0.0430) in the stressed group
only when compared with the control group as against

Body weight (short duration)

Body weight ( Long Duration)

= control

= 104 days Stress
= 104 days Vitamin E
-

104 days Vitamin E + Stress

Figure 1: (a and b) Comparison of body weight of rats exposed to stress and administered with 50 mg/body weight of Vitamin E for 52 and 104 days with
control [alphabet * indicate a significant difference at P < 0.05] compared with control
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other groups but no significant difference (P > 0.05) in
relative epididymis weight in all groups.

Effect of psychosocial stress, Vitamin E on hormonal profile

Figure 3a shows the comparison of hormonal levels
of rats psychosocially stressed only, treated with
Vitamin E only, and those stressed and treated with
Vitamin E for 52 days. In groups B and F, there
was significant elevation (P = 0.0004) in cortisol
concentration, significant decrease in the concentrations of
FSH (P = 0.0130), LH (P = 0.0036), PROG (P = 0.0147),
ESTROG (P = 0.0118), and TESTO (P = 0.0142) when
compared with control. However, PRL in the stressed (only)
group showed no significant difference (P > 0.05) in
concentration when compared with control. There was no
significant difference (P > 0.05) in the concentrations of
cortisol, FSH, LH, PRL, PROG, ESTROG, and TESTO
of animals treated with only Vitamin E for 52 days when
compared with control. No significant difference (P > 0.05)
was seen in the concentrations of cortisol, FSH, LH, PRL,
PROG, ESTROG, and TESTO of animals treated with
Vitamin E and stressed for 52 days when compared with
control.

Figure 3b shows the comparison of hormonal levels of rats
psychosocially stressed only, treated with Vitamin E only,
and those stressed and treated with Vitamin E for 104 days.
There was no significant difference (P > 0.05) in the level
of cortisol, FSH, LH, PRL, PROG, and ESTROG of rats
stressed (only) for 104 days when compared with control.
There was significant depletion (P = 0.0106) in the level of
TESTO in the stressed (only) group when compared with
control. There was no significant difference (P > 0.05) in
the level of cortisol, FSH, LH, PRL, PROG, ESTROG, and
TESTO of rats treated with only Vitamin E for 104 days when
compared with control. No significant change (P > 0.05)
was seen in the level of cortisol, FSH, LH, PRL, PROG,
ESTROG, and TESTO of rats treated with Vitamin E and
stressed for 104 days when compared with control.

Discussion of Findings

Effect of psychosocial stress on body weight and organ
weight

In this research, the effect of short and long duration of
psychosocial stress on animal body weight and organ
weight (testes and epididymis) was significantly reduced as

Organ Weight (short duration)

Organ weight (long duration)
control
. stress
= vitamin E
mm vitamin E + stress

Figure 2: (a and b) Comparison of organ weight of rats stressed, administered with Vitamin E for 52 and 104 days with control [alphabet * indicate a

significant difference at P < 0.05] compared with control

Hormonal profile (Short duration)
4_

34

24

\\N

&

S

& <
&
o
B

Hormonal profile (Long duration)
mm Control
. Bl Stress
m Vitamin E
Vitamin E +
stress

Figure 3: (a and b) Comparison of hormonal levels of rats psychosocially stressed, treated with Vitamin E for 52 and 104 days with control [alphabet *

indicate a significant difference at P < 0.05] compared with control
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Figure 4: (a-d): Photomicrograph of the seminiferous tubule of Wistar
rat sacrificed on the 53" day showing normal seminiferous tubules
lumen containing tufty tails of SZ, epithelium of the seminiferous tubules
containing cells of the spermatogenic series including SG, SC, and IC of
Leydig and SSs in (a). EL of the seminiferous tubules and disorganization
of the epithelium of the seminiferous tubule (DO), SG, and SS in (b). Normal
seminiferous tubules lumen containing tufty tails of SZ, epithelium of
the seminiferous tubules containing cells of the spermatogenic series
including SG and SC in (c). Normal seminiferous tubule lumen containing
tufty tails of SZ, epithelium of the seminiferous tubules containing cells
of the spermatogenic series including SG and SC, LC, and SS in (d) (x400,
H and E). (e-h) Photomicrograph of the seminiferous tubule of Wistar rat
sacrificed on the 105" day showing normal seminiferous tubule lumen
containing clumps of SL, interstitial epithelium of the seminiferous
tubules (SE) containing cells of the spermatogenic series including SG
and SC in (e). Scanty to EL, immature cells in the lumen (IM) and SG, LC,
and SS (f). Seminiferous tubules lumen containing clumps of SZ, interstitial
epithelium of the seminiferous tubules (SE) containing cells of the
spermatogenic series including SG and SC in (g). Lumen containing clumps
of SZ, interstitial epithelium of the seminiferous tubules (SE) containing
cells of the spermatogenic series including SG and SC in (h) (x400, H and E).
SZ: Spermatozoa, SG: Spermatogonia, SC: Spermatocytes, SS: Sertoli cells,
EL: Empty lumen, IC: Interstitial cells, LC: Leydig cells, SL: Spermatozoa,
DO: Disorganized epithelium tubules, IM: immature cells in the lumen, SE:
Seminiferous Epithelium

compared with control. In all groups, a decrease in weight
was observed in the stressed group only, but in control
and other groups, there was an increase in weight. This
report showed that chronic psychosocial stress significantly
decreases the body weight and organ weight of adult Wistar

rats. This could have resulted from reduced food intake of
the rats under stress (probably loss of appetite occasioned by
corticotropin-releasing hormone [CRH] release) or exhaustion
of body reserve catalyzed by increased metabolic activity.

Change in body weight and organ weight of experimental
animals is an important parameter in determining the
health of an animal. Stress increases adaptive functions
and decreases acute vegetative, nonadaptive functions such
as feeding and development.’ Decreased body weight
and organ weight have also been documented in animals
open to forced swimming stress.*!! The reduced body
weight and organ weight of rats beheld in this research
could have been occasioned by protein catabolism and
Lipolysis.’?l Contrary to this observation, some studies did
not discern any significant change in weight of animals
open to chronic psychosocial stress,*3! probably due to the
method of psychosocial stress induction, having no effect
on the animals. Reductions in organ weight have also been
described in animals exposed to immobilization stress.*

Effect of psychosocial stress on hormonal level

Glucocorticoid synthesis and secretion in blood plasma
amid stress is increased; this production is aroused
by adrenocorticotropic hormone (ACTH) from the
adenohypophysis. ACTH manufacture is influenced by
the hypothalamic peptide and CRH, thus the HPA axis is
the regulating center of stress response. The heightened
production of glucocorticoid exerts a negative feedback
mechanism on CRH and ACTH secretion; this action
restricts the overall continuance in time of tissue exposure
of the individual or organism to glucocorticoids, thereby
reducing the catabolic, immunosuppressive, lipogenic,
anti-growth, and anti-reproductive outcome of these
hormones.*” Nevertheless, chronic actuation of stress
response can lead to a disparate package of malady as a
result of protracted CRH and glucocorticoid secretion. For
instance, the reproductive function of males is affected in
all aspects during CPS.B%

Cortisol

In this study, a significant elevation in the concentration of
cortisol was observed when the animals were exposed to
psychosocial stress for a short duration as compared with
control. Research has shown that heightened blood serum
concentration indicates an organisms’ response to stress.>
Studies have also confirmed an increase in cortisol level
and decreased TESTO level when rats were exposed to
various forms of stress.**

However, for long duration, no significant elevation in the
concentration of cortisol was detected when the animals were
exposed to CPS. Research has shown how individuals with
normal HPA axis function tend to deteriorate to stress-induced
HPA axis dysfunction following chronic stress.’”*) These
results show that chronic stress will ultimately prompt
the HPA axis to progress from over-responsive state to
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under-responsive or nonresponsive (the terms used to refer
to “adrenal fatigue”/*“exhaustion”). Furthermore, ACTH will
signal heightened levels of cortisol and then start to de-escalate
Dehydroepiandrosterone production (pregnenolone steal)
amid chronic stress.

The heightened level of cortisol at long duration may lead
to adaptation within the HPA axis, catalyzing dwindling
cortisol production, and ultimately hypocortisolism.?”!
Researchers have suggested that HPA axis adaptation is a
protective mechanism to safeguard long-term survival by
avoiding high level of cortisol from repressing immune
function and aggrandizing catabolic pathways.[04!]
Individuals exposed to trauma may possess higher, lower,
or the same level of cortisol as those who are not
exposed to trauma, those with higher level are prone to
increased rate of anxiety and depression, while those with
low levels have adapted to the stressor and developed a
high threshold for their perceived stress.*”) As a result,
we proposed that the concentration of cortisol observed
at long exposure duration is due to CPS physiologic
adaptation.

The HPA axis has been expansively researched in people
with PTSD, and reports have documented abnormally low
baseline levels of cortisol in PTSD individuals.¥! This is
as a result of the meliorate negative feedback inhibition
of the HPA axis. Research have documented that PTSD
individuals portray an elevated amount and sensitivity of
glucocorticoid receptors, thus increased cortisol and ACTH
suppression.[*#1 However, mixed fate has been ascertained
in research on PTSD patients.*! There have been reports
on aberrantly low baseline cortisol levelst’#¥ and elevated
amount and sensitivity of glucocorticoid receptors.[*”)

Gonadotropic hormones

In the current research, CPS caused significant abatement
in the level of LH and FSH, whose effect was denoted in
the depleted level of TESTO, ESTROG, and PROG when
correlated with control. Chronic exposure to stressors
is acknowledged to accelerate the exertion of the HPA
axis and subsequently decreases the exertion of the
HPG axis.*” The system responsible for regulation of
reproduction is directly connected to the stress system, as a
result, males in chronic stress conditions display inhibition
of TESTO secretion,”® spermatogenesis,!'®'? fertility,*” and
sexual behavior.®3! The HPA axis hormones manufactured
amid stress are accountable for the impediment of the
reproductive axis, for instance, GnRH secretion is impeded
by CRH.B"

The increased glucocorticoids secreted during stress
decrease the sensitivity of pituitary gonadotroph to GnRH;
this action reduces the secretion of LH.BPY The gonads
are also directly affected by these stress hormones which
reduce the rate of Leydig cell response to LH or reduce
testicular receptors to this hormone with concurrent change

in sex steroid production.’” However, glucocorticoids
reduce sexual hormone receptor concentration by creating
resistance in target tissues of gonadal steroids.*” Chronic
stress in rats effectuates a 90% (0.25 ng/mL) abatement in
TESTO as a result of heightened stress hormones (200%,
about 550 ng/mL), thereby reducing sexual incitement and
fertility.50->1

In this study, the reduced level of serum TESTO could have
been caused by the neuroendocrine effect of the psychosocial
stress on the animal controlled by the hypothalamus as a
result of increased stress hormone. Various researches have
noted the plasma TESTO quantity in animals under various
stressful conditions; however, these results have been
contradicting. While some researches postulated escalation
in plasma TESTO in animals subjected to physical exercise
stress,’? prolonged exposure to psychosocial stress, and
immobilization stress,'”! others have postulated a diminution
in plasma TESTO in animals subjected to noise stress,>*5]
and restraint stress.’®! Furthermore, there have been reports
of no observed significant change in the level of TESTO
following chronic stress, and these were proposed to be
due to the physiological adaptation of the animals to the
stressor.?*! The downsized level of PROG described in this
study could be due to the elevated generation of cortisol.
When the body is subjected to stress, the adrenal glands
produce more cortisol and adrenaline, in order to make
cortisol, the adrenal glands need PROG:; this could result
in depleting circulating level of PROG as observed in
this study, a phenomenon known as “pregnenolone steal.”
Contrary to this observation, there have been reports of
increased levels of circulating PROG following restrain
stress, these reports suggested that the production of adrenal
steroid hormones (corticosterone and PROG in rats) is
stimulated by ACTHs, produced from corticotrophs in the
adenohypophysis. PROG is a forerunner to corticosterone,
increase in corticosterone caused by stress results in high
concentration of PROG.F7

In this research, there was a decrease in testicular plasma
concentration of FSH following psychosocial stress when
correlated with control, probably, resulting from the
escalated level of corticosterone caused by psychosocial
stress, acting directly to suppress FSH secretion or indirectly
via GnRH suppression. There are records of significant
abatement in plasma concentration of FSH following chronic
immobilization stress®” and no observed significant change
in plasma FSH after acute or chronic immobilization stress.['”
Other reports have indicated either an increase or decrease
in plasma LH following stress;*** these alterations could
be attributed to the rat’s perception, response of LH to the
strength, time, duration, or adaptation of the stress stimuli.

In the current research, it was described that for longer
duration, the levels of FSH, LH, PROG, and ESTROG
were not significant, also probable due to physiologic
adaptation.
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Prolactin

In the current research, there was no significant difference in
the production of PRL following psychosocial stress both for
short and long duration as compared with control. Acute stress
is a powerful stimulus for the secretion of PRL. Research show
that its secretion peaks after 5-10 min and then decreases
rapidly within 15-20 min of the stress stimulus. The surge
duration usually does not last long due to the suppressive
effect of concurrent rise in level of adrenal glucocorticoids.!”

Vitamin E and the male reproductive system

Vitamin E, a powerful antioxidant, has significant
benefits on semen parameters, some research has shown
its beneficial role,!'>173169 while others have failed to
indicate any protective effect.'® Vitamin E can reduce
lipid peroxidation produced in oxidative stress, thereby
enhancing the quality of sperm.!']

Effect of Vitamin E on body weight and organ weight of
animals

The effect of Vitamin E was analyzed on the body weight
and organ weight of animals exposed to psychosocial
stress. It was observed that the weight of animals treated
daily with 50 mg/kg Vitamin E prior to the exposure of
stress was statistically significant when compared with the
stressed groups. The final weight of animals treated with
only Vitamin E only and those treated with Vitamin E
and exposed to psychosocial stress were all increased, as
well as the control group; this gain in weight could have
been precipitated by the antioxidant property of Vitamin E,
thereupon, reducing excessive metabolic activity effectuated
by stress or elevation of food consumption.

Effect of Vitamin E on hormonal level

There was a significant reduction in the concentration of
cortisol when the animals were treated daily with 50 mg/kg
Vitamin E prior to the exposure to stress when compared
with the stressed-only groups. This result showed that the
administration of Vitamin E can reduce the effect of stress
on cortisol concentration.

In the present research, daily Vitamin E administration
to animals prior to stress had a bulwark influence on the
levels of LH, TESTO, ESTROG, PROG, and FSH when
compared with animals exposed to only psychosocial
stress. This protective effect could be occasioned by its
antioxidant function, increasing the antioxidant protective
mechanism of cells and tissues, thereby scavenging ROS
and restraining lipid peroxidation of tissues. A research
could not ascertain the protective effect of Vitamin E nor
Vitamin C alone on LH levels following noise stress, but
that combination of both vitamins has a protective effect
on LH following noise stress.’*! Vitamin E administration
has also been noted to ameliorate the negative effect
of noise stress in raising the serum TESTO level and
FSH to normal range.!"! Others have also corroborated

the beneficial outcome of Vitamin E administration
with regards to TESTO, LH, and FSH as a result of its
potential to scavenge ROS, thereby preventing lipid
peroxidation.[!!

Effect of Vitamin E and predator-induced psychosocial
stress on the histology of the testis and epididymis

Testes

The features of a normal testicular histology of rats are
observed in control [Figure 4a and e]. This revealed normal
histo-architectural appearance, showing intact seminiferous
tubules with normal seminiferous epithelial arrangements
and intact basement membrane. The intertubular disposition
of the Leydig cell and non-Leydig extratubular constituents
are observed and reveal intact histology. Spermatogonia
at the basement membrane, primary spermatocytes with
enlarged nuclei, and secondary spermatocyte traversing
to the adluminal section can be discerned. Tufty tails of
spermatozoa are espied in the lumen of ST.

This constellation of normal testicular micro-architecture
was also ascertained in animals that received 50 mg/
kg body weight of Vitamin E (only) [Figure 4c and g]
and those that received 50 mg/kg body weight Vitamin
E prior to psychosocial stress [Figure 4d and h], both for
long and short durations. This histological appearance,
revealing the presence of spermatozoa in the lumen of
ST indicates spermiation, an evidence of normal testicular
micro-anatomy with spermatogenesis.

The histological evaluation of the effects of
predator-induced psychosocial stress for short duration
[Figure 4b] on the microstructure of the testes revealed
scanty to empty lumen of the ST, an indication of the
arrest of spermatogenesis, and a gross reduction of
spermatids population. There was also distortion of the
organization of the epithelium of the ST. Though, scanty
number of cells appear to be undergoing spermatogenesis,
indicating that few spermatogonia escaped destruction.
Furthermore, long duration of exposure [Figure 4f]
revealed scanty spermatozoa in the ST lumen and reduced
number of interstitial cells in the interstitial space. There
was also distortion of the epithelium of the ST, but the
cyto-architecture of the testis remained intact.

In a similar research where animals were exposed to chronic
immobilization stress, gross reduction in spermatogenesis
was observed though the testis architecture was maintained.
Luminal cell debris, poorly defined Leydig cell membrane,
and cytoplasmic vacuolations were also described as
a result of the stress.’® A study that exposed animals to
immobilization stress found that stress caused magnificent
spermatogenesis suppression giving reason as the result of
possible decline in LH and TESTO levels.?4

A study on the protective result of Vitamin E on the testes
showed that Vitamin E mitigated the reduction in sperm
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motility, as well as morphology, count, and viability induced
by nicotine, due to its antioxidant scavenging potential.[*!

Conclusion

It is obvious that psychosocial stress negatively affected
male reproduction, and it has been divulged and established
as documented in this research. This research has brought to
knowledge the effects of psychosocial stress as it affects the
testicular cadre, where its impacts have been observed and
subsequently translated into changes in semen parameters,
indicating reproductive dysfunction and distortion of
spermatogenesis. Equally, the bulwark effects of Vitamin E
in ameliorating the effects of psychosocial stress are also
elucidated. This research has also described that adaptation
to the stressor could be a protective mechanism against
psychosocial stress.
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Morphologic and Morphometric Evaluation of Nutrient Foramina of Tibia

Abstract

Introduction: The aim of this study is to investigate the morphologic and morphometric
characteristics of nutrient foramina on dry tibia bones, as well as the clinical implications.
Materials and Methods: This study involved 63 tibiae (28 right and 35 left). The length of the
tibia, number, direction, size, and location of nutrient foramina in relation to borders, surfaces, and
soleal line, the distance between the nutrient foramina and proximal tibial end, the mediolateral,
anteroposterior diameter of the tibial shaft at the level of the nutrient foramina, and the foraminal and
cnemicus indexes were evaluated. The size of the nutrient foramina was classified using hypodermic
needles of 14-16-18-20-22-24 gauge. Nutrient foramina with gauge sizes of 14-16, 18-20, and
22-24 were classified as large, medium, and small, respectively. Results: On the tibia, there is usually
one nutrient foramina (92.06%), which may locate on the posterior surface (91.18%), lateral to the
soleal line (95.17%), and in the upper 1/3 of the tibia (80.9%). The nutrient foramina was primarily
18-20 gauge (72.05%) and directed downward. Discussion and Conclusion: The morphological and
morphometric features of nutrition foramina are vital to know, especially in surgical procedures and
fractures of the upper 1/3 of the tibia. The sizes of NFs were evaluated detail in this study, and it
was found that shorter tibiae had smaller NFs that were located more proximal than medium and
large NFs. This morphological feature was described in the literature for the first time.

Keywords: Anatomy, morphometry, nutrient foramina, Tibia

Introduction

Tibia is one of the most stable bone in
the body. People can maintain bipedal
posture and walk kinematically because
of its weight-bearing role. The nutrient
arteries are the long bones’ main blood
vessels, and they enter through the nutrient
foramina (NFs).[! Because these foramina
are generally found away from the
growing ends of the bones;? the aphorism
“seeks the elbow and flees the knee” is
derived.’) To determine the growing end
of a bone, one must know the orientation
of the nutrient canal.¥ The size of the
nutrient foramina (NF) has been defined as
primary (larger sized) or secondary (smaller
sized) in various researches.’*¢

The nutrient artery has a role in several
clinical entities such as, including
medullary bone ischemia,? longitudinal
stress fracture,® fracture healing,”’ and
free vascularized bone grafts.'"” Surgeons
should also have detailed knowledge of
the anatomy of the region to be operated
on, as the success of the surgery is largely
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dependent on little disruption of the bone’s
blood flow.!'!

In forensic medicine and anthropological
investigations, morphological traits of tibia
may be crucial.'>¥] The distance between
NF (DNF) and either the proximal or
distal ends of a long bone can be used to
estimate the length of a long bone from a
fragment. Furthermore, the given fragment
can forecast the individual’s stature.!'”

Joint replacement surgery, fracture repair,
bone grafts, and wvascularized bone
microsurgery, as well as medicolegal
issues, all require knowledge about the
location and morphological properties of
the NF of the tibia. The aim of this study
is to investigate the morphologic and
morphometric characteristics of nutrient
foramina on dry tibia bones, as well as the
clinical implications.

Materials and Methods
Data collecting

This study was performed on 63 (28 right
and 35 left) tibiae. The age and gender of
the tibiae were unknown. The tibiae which
had fractures, osteoporotic appearance,
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and pathological condition were not included in the study.
Ethics committee approval was obtained from the Hacettepe
University noninterventional clinical researches ethic
committee (date: January 18, 2022 number: 2022/02-11).

Parameters

The following parameters were evaluated:

1. Length of tibia (TL)

Number of NF

Localization of the NFs on tibial surfaces or borders

Localization of NFs on the posterior surface according

to soleal line

Size of NF

Direction of NF

DNF and proximal tibial end

Mediolateral diameter (MLD) of the tibial shaft at the

level of NF

9. Anteroposterior diameter (APD) of the tibial shaft at the
level of NF

10. Foraminal index (FI) = (DNF/TL) x100

11. Cnemicus index (CI) = (MLD/APD) x100.

L

PN

The counts of the NFs were determined using a magnifying
glass. Because secondary NFs are typically smaller than
main NFs, all tibial surfaces and borders were thoroughly
investigated. Hypodermic needles of 14, 16, 18, 20, 22, and
24 gauge were used, respectively, to determine the size of
the foramina [Figure 1]. The needle that fits the foramina’s
diameter was used to determine the foramina’s size. 14-16

Figure 1: Hypodermic needles which were used for determination of size
of nutrient foramina (a), Vernier caliper which was used for measurements
on the tibia (b)

gauge, 18-20 gauge, and 22-24 gauge NFs were evaluated
as large-, medium-, and small-sized NF, respectively. The
direction was assessed using needles of various gauges.

The length of the tibiaec was measured using a tape
measure from the medial tibial plateau to the medial
malleolus. A digital caliper with 0.001 mm sensitivity was
used to measure the MDL and APDs of the tibial shaft
at the level of NF [Figure 2]. The foraminal and CIs
were calculated after the morphometric parameters were
measured.

Statistical analysis

Statistical analyses were performed using SPSS software
version 22 (IBM Corporation, Armonk, NY, USA). The
visual (histograms and probability plots) and analytical
methods  (Kolmogorov—Smirnov/Shapiro-Wilk’s  test)
were used to determine whether or not the parameters
are normally distributed. Morphologic and morphometric
properties were presented using cross-tabulations. Mann—
Whitney U-test was used to compare FI and CI between
NF size groups. An overall 5% Type 1| error level was
accepted to infer statistical significance.

Results
Number of NF

In total, 68 NFs were found in 63 tibiae. Only one NF was
detected in 25 right tibiaec and 33 left tibiac. Overall 58
of 63 (92.06%) tibiac had one NF. Besides the tibiae that
had 2 NFs were detected in 3 right tibiac and 2 left tibiae.
Overall 5 of 63 tibiae (7.94%) had 2 NFs.

Direction of NF

While 3 (4.41%) of NFs were directed upward, 65 (95.59%)
were directed downward. One of 31 (3.23%) of the
NFs on the right side was directed upward, while 30 of
31 (96.77%) were directed downward. Two of 37 (5.41%)
NFs on the left side were directed upwards, while 35 of
37 (94.59%) were directed downwards.

Figure 2: Demonstrations of measurements of length of tibia, distance between nutrient foramina and medial tibial plateau, anteroposterior and mediolateral
diameters of the tibial shaft at the level of nutrient foramina. A: The line passes from medial tibial plateau level, B: The line passes from the most inferior
part of medial malleolus, C: The line passes from level of nutrient foramina, D: The most lateral side of tibial shaft at the level of nutrient foramina, E:
The most medial side of tibial shaft at the level of nutrient foramina, F: The most anterior side of tibial shaft at the level of nutrient foramina, G: The most

posterior side of tibial shaft at the level of nutrient foramina
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Localization of the NF on tibial surfaces or borders

Sixty-two NFs (91.18%) were found on the posterior
surface, 4 (5.88%) on the anterolateral surface, and 2 of
the 68 (2.94%) on the interosseous border. On the right
side, NFs were found on the posterior surface in 29 of
31 (93.55%) and on the anterolateral surface in 2 of
31 (6.45%). On the left side, NFs were observed on the
posterior surface in 33 of 37 (89.18%), the anterolateral
surface in 2 of 37 (5.41%), and the interosseous border in
2 of 37 (5.41%).

Localization of NFs on the posterior surface according
to soleal line

Fifty-nine of the 62 NFs (95.17%) were located lateral
to the soleal line, one of the 62 NFs (1.61%) was found
on the medial side of the soleal line, and two of the
62 (3.22%) were identified on the soleal line. Twenty-seven
of 29 (93.1%) NFs were found lateral to the soleal line on
the right side, while 2 of 29 (6.9%) NFs were found on the
soleal line. On the left side, 32 of 33 NFs (96.96%) were
found lateral to the soleal line, whereas 1 of 33 (3.04%)
was found medial to the soleal line.

Size of NF

Eighth of 68 NFs were detected as small-sized (5 right and
3 left), 49 of 68 NFs were detected as medium-sized (20
right and 29 left), and 11 of 68 NFs (6 right and 5 left)
were detected as large-sized.

Foraminal index and localization of NF at the tibia

Mean values of the FI were found 29.77 £ 6.2 in all
tibiae, 29.49 + 4.98 on the right side, and 30.01 + 5.30
on the left side. Fifty-five of 68 (80.9%) NFs were
located on the upper 1/3 of tibiae and 13 of 68 (19.1%)
NFs were detected on the middle 1/3 of tibiae. On the
right side, 26 of 31 (83.87%) NFs were detected on
the upper 1/3 of tibia and 5 of 31 (16.13%) NFs were
detected on the middle 1/3 of tibia. On the left side, 29
of 37 (78.37%) NFs were detected on the upper 1/3 of
tibia and 8 of 37 (21.63%) NFs were detected on the
middle 1/3 of tibia. No NFs were detected on the lower
1/3 of tibia. In brief, lower FI indicates proximally
located NFs.

Length of tibia

The average tibia lengths were 341.79 + 29.4 mm for
all tibiae, 337.68 + 23.73 mm for the right side, and
345.24 + 24.43 mm for the left side.

Distance between NF and proximal tibial end

The average DNF and the proximal tibial end were
101.71 £ 22.7 mm in all tibiae, 99.59 + 17.91 on the right
side, and 103.48 £+ 19.45 on the left side.

Anteroposterior diameter of the tibial shaft at the level
of NF

All tibiae had mean values of APDs of the tibial shaft at
the level of NF of 29.3 £ 5.0 mm, 30.16 + 4.48 mm on the
right side, and 28.58 + 3.83 mm on the left side.

Mediolateral diameter of the tibial shaft at the level of
NF

At the level of NF, the MLDs of the tibial shafts
were measured to be 2545 + 7.0 mm in all tibiae,
26.46 £ 5.94 mm on the right side, and 24.59 + 5.61 mm
on the left side.

Cnemicus index

CI mean values were 87.57 + 23.6 in all tibiae,
88.26 = 17.95 on the right side, and 86.98 = 20.91 on the
left side.

Tables 1 and 2 outline the morphological and morphometric
features of NFs of the tibiae.

Table 3 reveals that tibiae with small NFs had a lower
FI (P = 0.016) and shorter (P = 0.009) tibial length than
those with medium and large NFs. These findings suggest
that smaller NFs that were located more proximal than
medium and large NFs.

Figure 3 demonstrates NF morphological characteristics
that are uncommon.

Table 1: Morphological properties of nutrient foramina

Right, Left, Total,
n (%) n (%) n (%)
Number of foramina
1 25(43.01) 33(56.89) 58(92.06)
2 3 (60) 2 (40) 5(7.94)
Location
PS 29 (93.55) 33(89.18) 62(91.18)
Lateral to the soleal line 27 (93.1) 32 (96.96) 59 (95.17)
Medial to the soleal line - 1(3.04) 1(1.61)
On the soleal line 2(6.9) - 2(3.22)
ALS 2 (6.45) 2 (5.41) 4 (5.88)
IB - 2(5.41) 2(2.94)
Direction
Downward 30 (96.77) 35(94.59) 65 (95.59)
Upward 1(3.23) 2(5.41) 3(4.41)
Placement
Upper 1/3 26 (83.87) 29(78.37) 55(80.9)
Middle 1/3 5(16.13)  8(21.63) 13 (19.1)
Lower 1/3 - - -
Size
Small 5(62.5) 3(37.5) 8 (11.76)
Medium 20 (40.81) 29(59.19) 49 (72.05)
Large 6 (54.54) 5(45.46) 11(16.19)
Total 31 (45.58) 37 (54.42)

PS: Posterior surface, ALS: Anterolateral surface, IB: Interosseous
border
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Figure 3: Demonstration of nutrient foramina (red arrow) which was located onto soleal line (a), onto interosseous border (b) at medial side of soleal

line (c), and direction of the foramina (d). U: Upward, D: Downward

Table 2: Morphometric properties of nutrient foramina

Right
Length of tibia (mm) 337.68423.73
NF distance to proximal tibia (mm) 99.59+17.91
FI 29.49+4.98
AP diameter at the level of NF (mm) 30.16+4.48
ML diameter at the level of NF (mm) 26.46+5.94
CI 88.26+17.95

Left Total
345.24+24.43 341.79+29.4
103.48+19.45 101.71+22.7

30.01+£5.30 29.77+6.2
28.58+3.83 29.3£5.0

24.59+5.61 25.45+7.0
86.98+20.91 87.57+£23.6

Data were shown as mean+SD. NF: Nutrient foramina, AP: Anteroposterior, ML: Mediolateral, SD: Standard deviation, FI: Foraminal

index, CI: Cnemicus index

Table 3: Relationship between size of nutrient foramina
and foraminal index and length of tibia

Size of NF
Small Middle Large
FI 23.18+9.16%  30.56+3.94 31.05+1.73

Length of tibia (mm) 326.08+17.81** 341.694+24.37 353.63+22.6

*P=0.016 and **P=0.009. Data were shown as mean+SD.
NF: Nutrient foramina, SD: Standard deviation, FI: Foraminal index

Discussion

Previous researchers had found that most tibiae only
contain one NF,[5®1%18] that is directed downward.>¢17:18]
It was predominantly found on the posterior surface
of the tibial¢!+I1517.18] Jateral to the soleal linel'*!3!7)
with NF on the upper 1/3 of the tibia 5614151718
Two NFsBO4151 or no NFs,B¢ distinct directions are
uncommon morphologic characteristics.>¢!7!8 In this
study, one NF was found at 92.06% of tibiae, with an
average of 1.08 NFs per tibia. When the foramina’s
direction and locations were examined, it was found that
95.59% of NFs were directed downward and 91.18%
were placed on the tibia’s posterior surface. 80.9% of
the foramina were found on the proximal 1/3 of the
tibia. Furthermore, the foramina on the posterior surface
were analyzed, with 95.17% of them being on the lateral
to the soleal line [Table 4].

When the mean values of the DNF and proximal tibial
end,BS1+161 Jength of tibial>¢!*1¢ and FIB6M-16181 that
were measured in this study were compared to prior
studies, the findings were found to be lower. The mean
DNF and the proximal tibial end, the lengths of the
tibia, and the FI were found to be 101.71 £ 22.7 mm,
341.79 + 29.4 mm, and 29.77 + 6.2, respectively, in this
study [Tables 4 and 5].

The MLD of the tibial shaft at the level of NF!619-21]
and CIU®122 was found higher than the previous
studies and APD of the tibial shaft at the level of
NFUe19-211 was found similar to the previous studies.
The MLD and APDs of the tibial shaft at the level
of NF and the CI were found to be 25.45 £ 7.0 mm,
29.3 £ 5.0 mm, and 87.57 £ 23.6, respectively, in this
investigation [Table 6].

Previous researches used 20- and 24-gauge hypodermic
needles to detect the size of NFs, and the majority of NFs
were equivalent to or >20 gauge.l*') The mean diameter
of NFs was reported to be 0.174 cm in a study conducted
by Ertiirk.!"”! The size of NFs was examined in depth in
this study (using 14-16-18-20-22-24-gauge hypodermic
needles), with the following findings: 88.24% of NFs were
equal to or larger than 20 gauge; 72.05% of NFs were
medium size (18-20 gauge); and 16.19% of NFs were
large size (14—16 gauge).
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Table 4: Morphologic properties of nutrient foramina in this study and previous studies

Studies Sample Number NF per Direction of the NF Localization FI
size of NF tibia  Downward Upward According to
(%) (%)  Surfacesand  Soleal lineon  Tibial third (%)
borders PS (%)
Guptaand 312 0:3.2% 0.97 99.01 0.09 PS: 299 Upper: 36.1 Right: -
Kumari® 1: 96.5% AMS: - Middle: 37.1 Left: -
2:0.3% ALS: - Lower: 26.8 Total: 32.86
>2: - AB: -
Total: 302 IB: 3
MB: -
Kumar 60 0: - 1.05 PS: 63 Lateral: 96.8 Upper: 100 Right:
et al 1: 95% AMS: -  Medial: 3.2 Middle: - 32.48
2: 5% ALS: - On the line: - Lower: - Left: 32.26
>): AB: - Total: -
Total: 63 IB: -
MB: -
Ertiirk!"! 206 0: - 1.12 100 - PS: 208 Lateral: 98.1 Upper: 75 Right: -
1: 87.38% AMS: Medial: 1.9 Middle: 24.57 Left: -
2:2.62% ALS: 8 On the line: - Lower: 0.43 Total: -
>2: - AB: - On the line
Total: 232 IB: 10
MB: 6
Zahra 91 0: 1.1% 1.01 99 1 PS: 92 Upper: 72 Right:
et al.l 1:96.7% AMS: - Middle: 28 32.39
2:2.2% ALS: - Lower: - Left: 32.05
>): - AB: - Total: -
Total: 92 IB: -
MB: -
Gupta 50 0: - 1 PS: - Upper: 34 Right: -
et all'® 1: 100% AMS: - Middle: 66 Left: -
2: - ALS: - Lower: - Total: 34.75
>2: - AB: -
Total: 50 IB: -
MB: -
Vadhel 188 0: - 1 100 - PS: 188 Lateral: 95.7 Upper: 92.6 Right: -
et all'” 1: 100% AMS:-  Medial: - Middle: - Left: -
2: - ALS: - On the line: 4.3 Lower: 0.5 Total: -
>2: - AB: - Junction of upper
Total: 188 IB: - and middle thirds:
MB: - 6.9
Kamath 71 0: - 1 100 - PS: 69 Upper: 81.82 Right: -
et al.l" 1: 100% AMS: 2 Middle: 18.19  Left: -
2: - ALS: - Lower: - Total: 32.08
>2: - AB: -
Total: 71 IB: -
MB: -
This study 63 0: - 1.08 95.59 4.41 PS:91.18  Lateral: 95.17 Upper: 80.9 Right:
1: 92.06% AMS: - Medial: 1.61 Middle: 19.1 2949
Contd...
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Table 4: Contd...

Studies Sample Number NF per Direction of the NF Localization FI
size of NF tibia  Downward Upward According to
(%) (%)  Surfaces and Soleal line on Tibial third (%)
borders PS (%)
2:7.94% ALS:5.88  Ontheline: 3.22  Lower: - Left: 30.01
>2: - AB: - Total: 29.77
Total: 63 1B:2.94
MB: -

NF: Nutrient foramina, PS: Posterior surface, AMS: Anteromedial surface, ALS: Anterolateral surface, AB: Anterior border, IB: Interosseous
border, MB: Medial border, FI: Foraminal index

Table 5: Length of tibia and distance between nutrient foramina and proximal tibial end in this study and previous studies

Studies Length of tibia (mm) Distance between NF and proximal tibial end (mm)
Right Left Total Right Left Total
Gupta and Kumaril! 361 368 364.4 118 121.8 119.8
Kumar et al.' 359.2+14.73 357.28+21.15 - 116.14+7.26 116.92+6.09 -
Ertiirk!"s! - - 354.1 - - 115
Zahra et al.l®) - - 359+27.9 - - 116.6+17.5
Gupta et al.l'®! 377.5434.5 376.8+16.1 377 131.5+16.3 130.6+£14.8 131.1
This study 337.68+23.73 345.24+24.43 341.79+29.4 99.59+17.91 103.48+19.45 101.71+22.7

NF: Nutrient foramina

Table 6: Anteroposterior, mediolateral diameter of the tibial shaft at the level of nutrient foramina and cnemicus index
in this study and previous studies

Studies AP diameter of the tibial shaft at ML diameter of the tibial shaft at Cl
the level of NF (mm) the level of NF (mm)

Right Left Total Right Left Total Right Left Total
Gupta et al.l'®) 31.8+04.7  32.6+02.9 32.2 21.3+02.9 23+2.7 22.1 70.55 66.98 68.63
Bokariya et al."'  275.1+27.8 282.6+22.9 - 18.2+3.9 18.9+£2.2 - 66.17+10.68 67.31+7.35 -
Basu et al.? 28.2+03.3  29.8+04.6 - 22.5£2.65  22.2+2.3 - 80.43+£8.69 75.59+10.25 -
Nazir et al.?! 315.5+28.3 331.3+0.4.7 - 21.4+1.8 22.5+2.5 - 68.19+5.23  68.02+7.48
Tiwari et al.* - - - - - - 78.4£13.19 70.84+11.38 -
This study 30.16+4.48 28.584+3.83 29.3+5.0 26.46+£5.94 24.59+5.61 25.45+7.0 88.26+17.95 86.984+20.91 87.57+£23.6

AP: Anteroposterior, ML: Mediolateral, NF: Nutrient foramina, CI: Cnemicus index

According to this and prior researches, the tibia usually has
only one NF, which is located on the posterior surface, lateral
to the soleal line, and on the upper 1/3 of the tibia. The NF
is usually 18-20 gauge in size and is directed downward.

Conclusion

Knowledge of the morphological and morphometric
features of NFs is significant for orthopedic surgeons,
especially in fractures involving the upper 1/3 of the
tibia and in surgical treatments in this region. The sizes
of NFs were evaluated detail in this study, and it was
found that shorter tibiae had smaller NFs that were
located more proximal than medium and large NFs. This
morphological trait was described in the literature for the
first time.

Limitations

The age and gender of the bones used in the study were
unknown. For this reason, age and gender differences could

not be revealed. The sample size was also limited to 63 dry
tibiae in this study.
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Evaluation of the Relationship between Critical Shoulder Angle
and Acromial Index Measurements with Rotator Cuff Rupture on

Three-dimensional Models

Abstract

Objective: The relationship between rotator cuff tears (RCTs) and morphological features of
the shoulder joint has yet to be fully explained. The earlier studies were usually done with
two-dimensional radiography images, but joint positions and bone formations could not be
thoroughly evaluated in two-dimensional images. This study aims to assess the relationship between
RCTs and critical shoulder angle (CSA) and acromial index (AI) values in three dimensions.
Methods: In our study, computerized tomography of 24 RCTs (RCT group) and 20 Bankart lesions,
and no RCTs (control group) were examined. CSA and AI were measured on three-dimensional (3D)
glenohumeral joint models obtained by 3D reconstructions of computed tomography examinations.
Results: The RCT group’s CSA was significantly higher than the control group (P = 0.002). Al
values did not differ significantly (P = 0.151) between the groups. In addition, there was a moderate
positive correlation between the Al and CSA values and the age of patients with RCTs (» = 0.309,
r = 0.367). Conclusion: This study differs from earlier studies in some significant respects, such
as Al values were not found to be associated with RCTs. CSA values were associated with RCTs
in parallel with earlier studies. This difference may be because we performed our study on 3D
models. We anticipate that our results will guide clinicians in revealing the etiology of rotator cuff
degeneration and determining the surgical method for treatment.

Keywords: Anatomy, morphology, rotator cuff tears, shoulder, three-dimensional imaging

Introduction

Critical shoulder angle (CSA) and acromial
index (Al) are variables of rotator cuff
tears (RCT) have been examined the most.
In two-dimensional images, most lateral
part of the acromion reflected in the image
is used when surgical planning is made to
treat pathologies caused by morphological
changes. However, this image can increase
the error rate when performing a surgical
procedure. To  perform  examination
and surgery with greater accuracy,
three-dimensional ~ (3D)  pictures  are
necessary. The study aims to determine any
relationship between RCT and CSA, and Al
values in 3D and how CSA and Al values
impact formation of RCT.I'"!¢

Methods

In this study, computed tomography
scans of applicants to the Orthopedics
and Traumatology Department at Gazi

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

University Faculty of Medicine between
2016 and 2019 were retrospectively
evaluated. The research comprised a total
of 44 individuals, including 20 patients
with verified Bankart lesions and no RCTs
and 24 patients with proved RCTs by
arthroscopic surgery (RCT group). The
study excluded those with inflammatory
diseases and a history of trauma. Because
it is not morally acceptable to do computed
tomography on healthy persons in our
nation, the control group was selected from
individuals with Bankart lesions rather
than healthy individuals. According to our
research, evaluating a control group made
up of individuals with Bankart lesions is not
problematic. Since Rhee et al. discovered
that patients with RCT had significantly
different CSA and Al values than those
with Bankart lesions.['"

In this study, images were captured by
General Electric 14 Detector Computed
Tomography. The images obtained were
transferred to MIMICS software (Mimics

How to cite this article: Ince MS, Goézil R,
Kanatli U, Bahgelioglu M. Evaluation of the
relationship between critical shoulder angle and
acromial index measurements with rotator cuff
rupture on three-dimensional models. J Anat Soc
India 2023;72:246-51.

Merve Sevgi Ince'?,
Rabet Gozil?,
Ulunay Kanatli?,
Meltem
Bahcgelioglu?%7

!Department of Physiotherapy
and Rehabilitation, Faculty of
Health Sciences, Yiiksek Ihtisas
University, *Department of
Anatomy, Institute of Health
Sciences, Gazi University,
3Department of Anatomy,
Faculty of Medicine, Yiiksek
Ihtisas University, Departments
of *Orthopedics and
Traumatology and °Anatomy,
Faculty of Medicine, Gazi
University, ‘Neuropsychiatry
Education, Research and
Application Center, Gazi
University, "Neuroscience and
Neurotechnology Center of
Excellence (NOROM), Ankara,
Turkey

Article Info

Received: 27 February 2023
Revised: 05 May 2023
Accepted: 14 August 2023
Available online: 28 September 2023

Addpress for correspondence:
Dr. Merve Sevgi Ince,

Oguzlar Mahallesi, 1375, Sokak,
No: 8, Cankaya, Ankara 06420,
Turkey.

E-mail: msevgii94@gmail.com

Access this article online

Website: https://journals.lww.
com/joai

DOI:
10.4103/jasi.jasi_20_23

Quick Response Code:

246 © 2023 Journal of the Anatomical Society of India | Published by Wolters Kluwer - Medknow



Ince, et al.: Critical shoulder angle and acromial index on 3D models

Innovation Suite, Materialize, Leuven, Belgium), and their
3D reconstructions were obtained.['!)

Image analysis and measurements

In our investigation, computed tomography scans from
the RCT and the control groups were 3D reconstructed
to build models of the glenohumeral joint. CSA and Al
measurements were made on these. Two observers measured
the CSA and Al in each patient. To verify interobserver
reproducibility, the results acquired by these two observers
were compared. To assess intra observer repeatability, one
of the observers repeated the measurements after a 3-week
gap. The same researcher took three measurements, and
their average was calculated and assessed.

Critical shoulder angle measurement

The glenoid cavity’s upper and lower edges are connected
by a line. Following that, a line is produced by connecting
the lower border of the glenoid cavity with the acromion’s
outermost point (which is thought to be the extreme point
where the acromion’s medial and lateral borders meet). The
CSA is situated between these two lines [Figure 1].7

Acromial index measurement

A line connecting the top and bottom borders of the glenoid
cavity (Glenoid plane [GP]). The distance between the GP
and the acromion’s most lateral point was recorded (a) The
width between the GP and the most lateral point of the
proximal epiphysis of the humerus was then measured, (b)
The gleno-acromial distance (a) is compared to the
gleno-humeral distance (b) to determine the Al [Figure 2].1'*

Ethical statement

This study received ethics committee approval with the
decision of the Yiiksek Ihtisas University Non-Invasive
Research Ethics Committee numbered 2019/05/02 and
September 13, 2019 dated. This research on humans was
carried out by the “Helsinki Declaration.”

Figure 1: Measurement of critical shoulder angle. GP: Glenoid plane,
CSA: critical shoulder angle, GCI: Inferior point of the glenoid cavity,
AL: Most lateral point of the acromion

Statistical analysis

Data from the research were statistically analyzed using
the software program Statistical Package for Social
Sciences (SPSS) 22.0 (SPSS Inc. Chicago, IL, USA).
Although continuous variables are displayed using the
mean, standard deviation, and median, categorical variables
are presented in the descriptive statistics section using
numbers and percentages (minimum-maximum). Using
both analytical (Kolmogorov—Smirnov/Shapiro—Wilk tests)
and visual (histogram and probability charts) techniques,
the conformity of continuous variables to the normal
distribution was assessed. Separate samples the #-test was
used to compare the data that fit the normal distribution
between the two groups. In order to assess data that didn’t
conform to the normal distribution, the Mann—Whitney
U-test was applied. The Pearson correlation test was used
to assess the association between a few continuous data.
The comparative research employed the Chi-square test.
The Chi-square test was used in a comparative study for
categorical variables among independent groups. The
threshold for statistical significance in this study was
established at P < 0.05.

Results

In our study, a total of 44 people, 22 women and 22 men,
were evaluated. The participants’ average age was 41.41,
and the age range was 17-78. The study examined 21 right
and 23 left shoulders [Table 1].

The control group’s mean age was significantly younger
than the RCT group’s (P = 0.004). Compared to the control
group, the RCT group had a significantly greater percentage
of individuals over the age of 40 (P = 0.001) [Table 2].

The CSA in the RCT group was signficantly greater
than in the control group (P = 0.002). The two
group’s Al values did not significantly differ from one
another (P = 0.151) [Table 3].

Figure 2: Measurement of the acromial index. (a) distance between AL-GP,
(b) distance between HL-GP. GP: Glenoid plane, GCI: Inferior point of
glenoid cavity, AL: Most lateral point of acromion, HL: Most lateral point
of proximal epiphysis of humerus
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There was no correlation between Al and CSA scores
in the RCT group (P = 0.543). Moreover, there was no
statistically significant association between CSA scores and
age (P = 0.142). No correlation between age and Al levels
was found (P = 0.078) [Table 4].

In the control group, there was no significant correlation
between the CSA and Al scores (P = 0.913). Furthermore,

Table 1: Distribution of the rotator cuff tears group’s
and the control group’s demographic features (n=44)

Parameters n (%)
Gender*

Female 22 (50.0)

Male 22 (50.0)
Age (years)

Mean+SD 41.41£16.70

Median (minimum-maximum) 40.0 (17.0-78.0)
Age groups

Under 40 years 22 (50.0)

40 years and older 22 (50.0)
Group

RCT group 24 (54.5)

Control group 20 (45.5)
Side

Right 21 (47.7)

Left 23 (52.3)

*Column percentage. SD: Standard deviation, RCT: Rotator cuff tear

there was no correlation between CSA scores and age that
could be considered significant (P = 0.262). Moreover,
there was no distinct correlation between age and Al
scores (P = 0.168) [Table 5].

The mean CSA and Al in women in the RCT group were
found to be 39.35° £ 7.82° and 0.68 £ 0.10, respectively.
CSA and AI averages in men were 43.70° + 8.96°
and 0.56 + 0.08, respectively. Women’s Al measures
were significantly higher than men’s in the RCT
group (P = 0.012) [Table 6].

The mean CSA and Al in women in the control group were
found to be 34.70° £ 4.00° and 0.63 + 0.05, respectively.
The mean CSA and Al in men were found to be
33.80° + 5.34° and 0.58 £ 0.14, respectively. The control
group demonstrated no significant correlation between
gender, CSA, and AI (P = 0.827, P = 0.238).

Discussion

Many researchers have studied subjects such as RCT, the
etiology of tears, and the biomechanics of rotator cuff
muscles. Neer conducted early studies on RCT, subacromial
space, and tendon lesions due to reduced subacromial
space.’” Studies have shown that many biomechanical
factors, glenoid cavity, and morphometric properties of
the proximal extremity of the humerus play a role in the
etiology of RCT. Al and CSA measurements are the most
frequently used to define these morphometric properties.

Table 2: Comparison of the rotator cuff tears group’s and the control group’s demographic features (n=44)

RCT group (n=24), n (%) Control group (n=20), n (%) P
Gender*
Female 17 (70.8) 5(25.0) 0.006°
Male 7(29.2) 15 (75.0)
Age (years)
Mean+SD 52.92+12.97 27.60+7.71 0.004°
Median (minimum-maximum) 55.00 (21.00-78.00) 28.50 (17.00-47.00)
Age groups
Under 40 years 3(12.5) 19 (95.0) 0.001°
40 years and older 21(87.5) 1(5.0)
Side
Right 16 (66.70) 5(25.0) 0.014*
Left 8(33.30) 15 (75.0)

*Column percentage, “Continuity correction, "Independent samples #-test. SD: Standard deviation, RCT: Rotator cuff tear

Table 3: Comparison of critical shoulder angle and acromial index measurements of rotator cuff tears and
control group (n=44)

RCT group (n=24) Control group (n=20) P
CSA
Mean+SD 40.62+8.22 34.02+4.95 0.002*
Median (minimum—maximum) 41.00 (27.80-53.80) 34.90 (25.90-40.75)
Al
Mean+SD 0.65+0.11 0.60+0.13 0.151*

Median (minimum-maximum)

0.64 (0.44-0.88)

0.60 (0.41-0.83)

“Independent samples #-test. SD: Standard deviation, Al: Acromial index, CSA: Critical shoulder angle, RCT: Rotator cuff tear
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Table 4: Relationship between critical shoulder angle
and acromial index and age values in rotator cuff
tears group

r(P)
CSA (n=24) Al (n=24)
Al —0.130 (0.543) -
Age 0.309 (0.142) 0.367 (0.078)

r: Pearson correlations coefficient, Al: Acromial index, CSA: Critical
shoulder angle

Table 5: Relationship between critical shoulder angle
and acromial index and age values in the control group

r (P)
CSA (n=20) Al (n=20)

Al 0.026 (0.913) R

Age ~0.263 (0.262) —0.321(0.168)

r: Pearson correlations coefficient, Al: Acromial index, CSA: Critical
shoulder angle

Table 6: Evaluation of rotator cuff tears group according
to gender (n=24)
Female (n=17)

Male (n=7) P

CSA
Mean+SD 39.35+7.82 43.70£8.96  0.227°
Median 38.50 45.30
(minimum-maximum) (27.80-53.50) (31.10-53.80)

Al
Mean+SD 0.68+0.10 0.56+0.08 0.012¢
Median 0.66 0.5
(minimum-maximum)  (0.55-0.88) (0.44-0.66)

*Mann—Whitney U-test. SD: Standard deviation, Al: Acromial index,
CSA: Critical shoulder angle

Nyfteler et al. provided the first description of the Al and
claimed that it was connected to RCT.I'"¥ The CSA was
discovered for the first time by Moor ef al. and has been
associated to diseases such shoulder instability, rotator cuff
injuries, and osteoarthritis.””? The full-thickness RCT patient
group in our study had considerably higher CSA scores
than the control group. The Al values did not, nevertheless,
demonstrate any significant difference.

Ames et al. investigated the connection between the Al
and full-thickness RCT. They used standard anteroposterior
radiographs. The study’s findings revealed that the size
of the AI and the size of the full-thickness RCT had no
correlation.?!]

Hamid et al. prospectively evaluated acromion morphology
on 216 patients. As a result of their studies, they could not
find a relationship between RCT and Al values.? According
to our research, there was no significant difference in the
Al scores between the two groups. Using anteroposterior
radiographs, Moor et al. analysed the Al, lateral acromial
angle, and CSA in the patient population having RCT
and the comparison group. They discovered a significant

difference between the study group and the control group’s
mean Al, lateral acromial angle, and CSA values.'! In
our investigation, there was no significant different in the
3D assessment between the two groups. These current
findings result from the use of radiography and 3D imaging
techniques.

Moor et al. examined the relationship between age, trauma,
and CSA with RCT. They evaluated the CSA on standard
radiographs of 599 patients. As a result of their studies, the
mean age and CSA values of patients with full-thickness
RCT were found to be significantly greater than those with
intact rotator cuffs.!® The full-thickness RCT group in our
study had a mean age that was significantly older than the
control group.

Cherchi et al. in their study, aim to evaluate the relationship
between CSA and RCT and measured the CSA using
goniometers on standard radiographs. They reported that
the CSA was significantly greater in RCT group.F!

Gomide et al. measured the CSA on the radiographic
images of two patient groups with full-thickness RCT and
asymptomatic patients. They found that the patient group
having RCT had mean CSA scores that were substantially
greater than those of the control group.” In our
investigation, the full-thickness RCT patient group’s CSA
values were considerably greater than those of the control
group.

Pandey et al. studied patients with full-thickness RCT,
partial RCT, and the healthy control group. Their research
evaluated the CSA and Al using standard radiography and
ultrasonography images. As a result of the study, high CSA
and Al values were associated with full-thickness RCT. In
addition, investigators reported that the CSA and Al values
were not associated with partial RCT.l'! Our study’s RCT
group consists of patients who underwent full-thickness
RCT. According to our research, there is a relationship
between CSA scores and full-thickness RCT. In contrast,
no correlation was identified between AI scores. This
difference is due to our measurements on 3D models.

Heuberer et al. evaluated radiographic images of five
different shoulder pathologies with several variables in
a retrospective study conducted on 1000 patients. The
study’s findings revealed that the CSA is a more reliable
general measure than the Al for predicting and identifying
various pathologies. Also, researchers noted that the CSA
was highest in RCT participants and lowest in osteoarthritis
patients.! In our study, the CSA values in the patient group
with RCT and the control group differed significantly. Yet,
there was no distinction in the Al values.

When the studies are examined since the CSA and Al
parameters were defined, it is seen that the studies were
primarily performed using radiographic examinations.
Since it is difficult to accurately determine the position
of the glenoid cavity of the scapula in two-dimensional
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radiographic images, the need for 3D images is increasing.
For this reason, recent studies have turned to 3D imaging
techniques.

In addition, unlike the CSA, the evaluation of the Al
was not significant in the 3D measurements in our study.
Therefore, more studies are needed to evaluate the Al
measurement on 3D images.

Gerber et al. created a model of a shoulder with a
supraspinatus tear and a normal shoulder in a biomechanical
study they performed by creating a mechanical shoulder
simulation. As a result of their research, they found that a
high CSA may cause excessive load on the supraspinatus,
especially during an active abduction at low degrees.**

Conclusion

As a result, the measurements we made on 3D
glenohumeral joint models were compared with the results
of two-dimensional radiographic evaluation found in the
literature. Unlike most two-dimensional radiographic
assessments, Al values were not associated with RCT. In
contrast, it was discovered that CSA scores were related
to RCT in parallel with two-dimensional radiographic
evaluation. We think this difference may be because we
performed our study on models obtained by 3D computed
tomography reconstruction. However, we recommend that
these factors be considered in future studies, as we cannot
determine whether the RCT we evaluated within the scope
of the study are degenerative or traumatic due to the age
difference between the groups. We anticipate our results
will guide clinicians in revealing the etiology of rotator
cuff degeneration and determining the surgical method for
repair.
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Technical Xylene Induces Maternal Toxicity Associated with Organ
Inflammation during Preimplantation Stage in Pregnant Sprague-Dawley

Rats

Abstract

Introduction: Toxicity data that focus on the exposure within the range of allowable human
limits of technical xylene (dimethylbenzene) on the female reproductive system and prenatal
development are rarely updated. Therefore, this study aimed to investigate the outcomes of
maternal exposure to technical xylene during the preimplantation period in pregnant rats.
Materials and Methods: Timed-pregnant Sprague-Dawley rats (n = 36) were exposed to 0
(0 mg/kg), 100 (0.172 mg/kg), 500 (0.86 mg/kg), and 1000 (1.72 mg/kg) parts per million (ppm)
of technical xylene via intraperitoneal injection from gestational day (GD) 1 to GD3. Clinical signs,
maternal weight gain, and food intake were monitored daily. On GDS, the females were sacrificed to
assess the early implantations and other reproductive parameters. Results: Technical xylene caused
significant decreases in the number of implantation sites, maternal body weight gain, and food intake
at a concentration of 1000 ppm. Significant increases in the serum total protein and potassium were
also observed. Although there was no difference in the relative organ weights, increases in the uterus
and liver weights were observed. Histological examination revealed systemic inflammatory changes
in the uterus, liver, lungs, and kidney from all treated groups. Discussion and Conclusion: This
study suggested that technical xylene causes maternal and prenatal toxicities associated with organ
inflammation when exposed at the early gestational phase. Further studies of xylene toxicity at
different stages of pregnancy are required to improve safety guidelines for technical xylene exposure.

Keywords: Gestation, inflammation, maternal toxicity, preimplantation, reproductive toxicity,
technical xylene

Introduction architecture ~ for a  histopathological
examination. It acts as a clearing agent to
make the tissue sample transparent after
being embedded in the paraffin wax.! In
the histology laboratory setting, xylene is
one of the core chemical hazards with a
long-term effect apart from formalin with
its allowable time-weighted average of
100 ppm.[”

Dimethylbenzene, or technical xylene,
is an organic solvent containing three
major isomers: meta-xylene, para-xylene,
and ortho-xylene (m-, p-, and o-xylene).
Although the accurate composition of
technical xylene varies due to its source,
m-xylene is the major component,
accounting for 44%-70% of the mixture.

Approximately 20% of ethylbenzene is
also present in the blend of technical
xylene.["?l Technical xylene is extensively
used in the petrochemical industries, paint
manufacturing, and medical laboratories.>#!
Xylene is one of the year’s most massively
synthesized chemicals and is considered a
safe alternative to benzene.®! In healthcare
settings, xylene is one of the major
chemicals used in histology laboratories
for tissue sample processing, slide staining,
mounting, and preserving the histological
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Exposure to xylene mainly occurs by
inhalation  (occupational) or ingestion
(accidental).®!  Unconventionally, humans
are also exposed to mixed xylene by
applying  feminine hygiene  products
like sanitary pads, vaginal douches, and
diapers.P!% Once exposed, xylene is rapidly
absorbed throughout the body, where the
liver is the primary site of metabolism. It
predominantly accumulates in the adipose
tissues or brain due to its high affinity for
lipid-rich tissues.*'"] Humans are likely
to be exposed to xylene by breathing in
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the xylene-contaminated air. Xylene is released into the
environment mainly from industrial sources.” When
exposed to living organisms, more than 95% of the absorbed
xylene is excreted as the glycine-conjugated metabolite
called methyl-hippuric acid (MHA). Although limited
data is available regarding the metabolism of xylene in
humans, studies on volunteers showed that 72% of retained
xylene is excreted as urinary MHA. Therefore, measuring
the concentration of this metabolite in human urine may
indicate an exposure level to xylene.!'*!

Studies on the adverse effects of xylene have been
conducted on humans and animals. Occupational
exposure to xylene has been associated with menstrual
disturbances, skin irritation, coughing, and shortness of
breath.!'*15] Menstrual irregularities have also been reported
as oligomenorrhea, a menstrual dysfunction characterized
by more than six cycles of more than 35 days or no
menstrual bleeding for three successive months.'!"! In
healthcare facilities, xylene has been reported as one of
the air contaminants that poses many health risks such as
allergies, asthma, rhinitis, and contact dermatitis, although
most workers recognized their workplace as having
good indoor air quality.'® Xylene studied as a mixture
of benzene, toluene, ethylbenzene, and xylene (BTEX)
compounds, was linked to anencephaly when exposed at
an ambient level. The relationship with xylene, however,
was not significant. The association was found to be
stronger with benzene.'” In addition, females exposed
to BTEX from occupational exposure showed a decline
in preovulatory luteinizing hormone, follicle-stimulating
hormone, and prostaglandin levels.?**!! The adverse effects
of xylene as a BTEX counterpart on the female reproductive
system have been investigated from various aspects, such
as ovarian regulation, embryo development, and oviduct
functions. However, the cellular mechanisms of its toxicity
are still poorly understood.?"! Therefore, this study was
conducted to investigate the toxicities of technical xylene
exposed to pregnant rats during the preimplantation period
of gestation and thus, to assess the findings related to the
current occupational safety guidelines.

Materials and Methods
Chemicals

Xylene (CAS 1330-20-7, purity >99.5%) was purchased
from Fischer Scientific, USA. Ammonium sulfide
(CAS 12135-76-1, 4048 wt. % in H20) was obtained
from Sigma Aldrich, USA. Hematoxylin, ecosin, and
absolute ethanol for routine histological staining were
purchased from Thermo Scientific, USA.

Animals

Experiments were performed on 36 outbred virgin
mature female Sprague-Dawley (SD) rats (8 weeks old),
weighing between 180 and 200 g. The animals were
supplied by the Animal Experimental Unit (AEU), Faculty

of Medicine, University of Malaya. The females were
housed in individually ventilated cages lined with corn
cob bedding under regulated environmental conditions
(12:12 light/dark cycle, 22°C + 2°C). A standard diet and
water were supplied ad libitum. Male rats of similar strains
were used for the mating purpose. All experimental animal
procedures were carried out under the faculty’s standard
guidelines. The animal use protocol was approved by the
University of Malaya’s Institutional Animal Care and Use
Committee (IACUC) with the TACUC approval number
2020-220109/ANAT/R/SRZ (2019356).

Timed pregnancy and xylene administration

The oestrus cycles of the female rats (n = 36) were
examined daily through a vaginal smear in the morning
around 0930. Using a sterile pipette, a few drops of normal
saline were drawn. The tip of the saline-containing pipette
was inserted into the vagina of the examined females. The
saline was flushed gently into the vagina and drawn back
into the pipette a few times. The vaginal fluid was smeared
evenly on a clean glass slide and examined under a light
microscope. Females in the proestrus phase were then
caged with a male overnight for mating. On the following
day, the pregnancy was confirmed by the presence of
sperms in the females’ vaginal smear. Confirmation of
sperm-positive smear indicated the gestational day 0 (GDO)
of the pregnant females. The timed-pregnant female rats
were then randomly arranged into four groups (n = 9)
and assigned to the daily administration of technical
xylene (100, 500, and 1000 ppm) or vehicle only (control)
from GD1 to GD3.

The duration of the oestrus cycle was four to 5 days, with
the diestrus phase being the longest period of each cycle.
Determination of the oestrus cycle in the female rats was
made by assessing the proportion of the epithelial cells,
cornified cells, and leucocytes in the unstained vaginal
smears.?>? Epithelial cells were identified as round or
oval-nucleated cells. Anucleated, irregular-shaped cells
are the cornified cells, and the round, small cells are the
leucocytes. A vaginal smear of a female rat during the
proestrus phase consists of predominantly epithelial cells.
A smear that consisting primarily of cornified cells is an
estrus smear. Metestrus is identified as an equal proportion
of epithelial cells, cornified cells, and leucocytes. A smear
with predominantly leucocytes is of the diestrus phase. The
dose range selection for the experimental rats was based on a
previous study investigating the maternal and developmental
toxicity of mixed xylene and its isomers in pregnant SD
rats.’ Parts of the experimental design concerning the
compound administration, duration of treatment, and the
selection of the lowest and highest concentrations were
adapted from previous guidelines.??%?”1 Technical xylene in
corn oil was administered by intraperitoneal (IP) injection
with a volume of 0.1 mL/100 g of body weight, as described
previously.?*¥! In relation to xylene’s route of administration,
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Kaneko ef alB% demonstrated that the IP administration of
xylene is more similar to inhalation exposure compared to the
oral route.®” Results from rat studies also suggested that orally
administered xylenes are subject to a first-pass metabolic
effect that limits the absorption of xylene compounds reaching
the circulation.>*! Administration of technical xylene was
once daily in the morning from GD1 until GD3.

Maternal assessment

Maternal clinical signs, body weight, and food consumption
were recorded daily. On GDS5, the pregnant females were
sacrificed for data and sample collections. Pregnant animals
were anesthetized using an intramuscular injection of
ketamine (50 mg/kg body weight) and xylazine (5 mg/kg body
weight) drug cocktail prepared by the attending veterinarian of
the AEU, Universiti Malaya. The animals were later euthanized
by exsanguination of the aorta. The gravid uterus, ovaries, and
other internal organs i.e. liver, lungs, kidneys, spleen, and
adrenal glands, were weighed and examined. Visualization of
the implantation sites was not achievable using the naked eyes
during the preimplantation stage. Therefore, the implantation
sites were detected using a few drops of 10% ammonium
sulfide solution on the gravid uteri.’'*? Collected maternal
organs were processed for histological examinations. Serum
samples were obtained and stored at —80°C for endocrine,
liver, and renal profile analyses.

Histological examinations

After the gross examination, the internal organs
(ovaries, uteri, liver, lungs, and kidneys) were fixed using
10% neutral buffered formalin prior to tissue processing. All
tissues were subjected to a series of dehydration, clearing,
and paraffin wax blocking. The tissue-embedded paraffin
blocks were cut using a rotary microtome at a thickness
of 2.5 wm. Routine hematoxylin and ecosin staining was
conducted to examine the tissue sections microscopically.
Microscopic evaluation of stained tissues was conducted
using an Olympus light microscope installed with Imagel
software developed by the National Institute of Health.
Histopathological assessment of the stained tissues was
conducted under a blind condition by two independent
experienced histopathologists from different institutions.

Statistical analysis

The numerical data was analyzed using IBM® SPSS®
software version 26 (Chicago, United States). Values
are expressed as mean + standard error of mean. All
findings were significant when the (P < 0.05). One-way
ANOVA (with post-hoc Bonferroni) was applied to analyze
and compare the means between groups for the normally
distributed data, while Kruskal-Wallis, a nonparametric
test, was used for nonhomogeneous data.

Results

Thirty-six timed-pregnant SD rats were assigned to
different treatment groups in this study. There was a high

probability of mating when the females were introduced to
a sexually matured male at their proestrus phase. Pregnancy
was confirmed 100% after the sperm was detected in the
females’ vaginal smears [Figure 1].

Maternal parameters

Immediately after IP injection of technical xylene, a
temporary decrease in motor activity was observed in
the females treated with 1000 ppm of the compound. No
maternal deaths occurred in this study. Table 1 summarizes
maternal toxicity of technical xylene exposed during the
preimplantation period. From GDO to GD5, maternal body
weight increased in all groups of pregnant rats. However,
the maternal body weight gain was significantly decreased
with 1000 ppm of technical xylene administration. In
addition, there was a significant decline in the maternal
body weight gain during the treatment period (GD1 to
GD3) and after the treatment ceased (GD4 to GDS5) in the
1000 ppm treated group.

A significant decline in maternal food consumption was
observed in the pregnant females treated with 1000 ppm of
technical xylene. In addition, a drop in the food intake was
seen throughout the preimplantation period, during, and
after the treatment period.

The gravid uterine weight did not differ among the groups.
However, the number of implantations was significantly
decreased in the pregnant females treated with the highest
concentration of technical xylene [Figure 2]. Furthermore,
there was no significant difference in the counts of corpora
lutea in the ovaries among the groups.

There was no significant difference in the relative organ
weights of the pregnant rats treated with the technical
xylene compared to those of the control group [Table 2].

Serum biochemistry showed significant increases in serum
total protein and potassium levels [Table 3]. However,

Figure 1: Sperm-positive vaginal smear of a female rat after an overnight
mating. Sperms are marked by black arrows. C: Cornified cells. Wet smear,
%10 magnification

254 Journal of the Anatomical Society of India | Volume 72 | Issue 3 | July-September 2023



Suaidi, et al.: Xylene-induced toxicities during early pregnancy

Table 1: Maternal parameters of pregnant Sprague Dawley rats exposed to technical xylene during
preimplantation period

Technical xylene (ppm)
0 (control) 100 500 1000
Number of assigned female rats (1) 9 9 9 9
Number of sperm-positive 9 9 9 9
females
Pregnancy index (%) 100 100 100 100
Number of treated females 9 9 9 9
Number of death occurred 0 0 0 0
Maternal body weight (g)
GDO 248.8+6.4 255.349.8 232.6+11.0 204+6.1
GD5 273.34£5.3 281.349.7 256.0+10.8 234.446.5
Corrected weight gain 27.6+2.8 26.0+1.3 23.3+1.7 19.6+1.9*
GDO0-GD5
Maternal daily weight gain (g)
GDO0-GD5 5.5+0.6 52403 4.7£0.3 3.9+0.4*
Before treatment 8.0£2.9 5.442.3 7.8+1.8 8.4+1.2
During treatment’ 4.6+0.5 4.4+0.7 4.0+0.6 2.3+0.5%
After treatment? 5.8+1.0 7.0+£2.2 4.2+1.3 2.4+1.38
Maternal daily food intake (g)
GDO0-GD5 21.1£0.6 20.1+0.3 20.7+0.5 17.9+0.5%
Before treatment 19.1+£0.8 20.4+0.8 20.7+0.5 19.3+0.6
During treatment’ 20.9+0.7 19.7+0.5 20.5+0.8 16.6+0.5°
After treatment* 23.6+0.9 20.9+0.5 20.7+0.4 20.140.9*
Reproductive organs (g)
Relative weight of gravid uterus 0.19+0.01 0.17+0.01 0.10+0.01 0.22+0.01
Number of implantations 16.44+0.65 16.0+0.44 15.4+0.44 13.8+0.49%*
Number of corpora lutea 38.9+£2.5 31.2+3.9 37.8£3.4 32.9+4.0

*P<0.05 pairwise comparison to control, $P<0.01 pairwise comparison to control, {GD1-GD3, *GD4-GD5. Corrected weight gain=
(GD5 weight—GDO0 weight) — weight of the gravid uterus. Data are presented as mean+SEM. GD: Gestational day, SEM: Standard error of

mean, SD: Sprague Dawley, GD: Gestational day

Table 2: Relative organ weight of pregnant Sprague
Dawley rats exposed to technical xylene during
preimplantation period

Technical xylene (ppm)
0 (control) 100 500 1000
Number of 9 9 9 9
assigned females
Number of 9 9 9 9
treated females
Maternal
organs (g)
Gravid uterus ~ 0.19+0.01  0.17+0.01 0.10+£0.01 0.22+0.01
Right ovary 0.02+0.001 0.02+0.002 0.02+0.001 0.03+0.001
Left ovary 0.02+0.001 0.02+0.001 0.02+0.002 0.02+0.002
Liver 42940.10 4.25+0.13 4.50+0.12 4.67+0.07
Lungs 0.49+0.02 0.56+0.03 0.51+0.02 0.49+0.01
Right kidney =~ 0.37£0.02 0.38+0.01 0.36+0.01 0.38+0.01
Left kidney 0.36+0.01 0.37+0.01 0.38+0.01 0.38+0.01
Right adrenal ~ 0.02+0.003 0.02+0.002 0.02+0.002 0.02+0.003
Left adrenal 0.02+0.002 0.02+0.003 0.02+0.003 0.02+0.002
Spleen 0.234£0.01  0.24+0.01 0.23+0.02 0.23+0.01
Heart 0.34+0.02 0.35+0.01 0.35+0.01 0.37+0.01

Data are presented as mean+SEM. SD: Sprague Dawley,
SEM: Standard error of mean

there was no difference in the serum endocrine parameters
i.e. estradiol, progesterone.

Histological examination

Histological examinations revealed tissue inflammation in
the liver, kidney, lungs, and uterus among the xylene-treated
groups regardless of the concentrations administered to the
pregnant rats. The number of tissues affected is summarized
in Table 4. Liver histology [Figure 3] shows degenerative
changes in hepatocytes manifested by hydropobic
degenerations. A classic ‘salt and pepper’ appearance of
the hepatocytes was characterized by the finely dispersed
chromatin and indistinct nucleoli.?** In addition,
interstitial hemorrhage with multinucleated hepatocytes and
scattering pyknotic cells were also noted.

Kidney tissues from the rats treated with 1000 ppm of xylene
showed congestion of the renal corpuscles (glomeruli).
Interstitial hemorrhage was also noted [Figure 4]. In
contrast to the control group, the kidney of rats treated with
500 and 1000 ppm of xylene revealed a diminished brush
border of renal tubules. Degeneration of renal tubules was
marked by nuclear shrinkage. A few inflammatory cells
were also present.
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Table 3: Serum biochemistry of technical xylene-treated pregnant Sprague Dawley rats

Technical xylene (ppm)
0 (control) 100 500 1000

Number of assigned females 9 9 9 9
Number of treated females 9 9 9 9
Endocrine profile

Luteinizing hormone (IU/L) 0.13£0.02 0.17+0.03 0.15+0.02 0.13+£0.02

Follicle-stimulating hormone (IU/L) 0.88+0.12 0.83+0.15 0.83+0.14 0.88+0.12

Estradiol (pmol/L) 42.00+0.00 54.33+8.05 45.00+3.0 47.33+3.71

Progesterone (nmol/L) 190.55+1.45 180.23+7.71 187.27+4.54 176.15+8.88
Liver profile

Total protein (g/L) 32.67£2.11 36.83+5.09 50.17+7.39 54.33+4.12%

Alkaline phosphatase (U/L) 108.17+14.36 103.67+19.05 153.174+25.86 190.00+23.96

Aspartate aminotransferase (U/L) 88.5+12.72 188.83+£76.67 218.33+62.22 196.50+34.50

Alanine aminotransferase (U/L) 32.33+4.19 59.17+12.72 73.33+13.66 71.33+11.38
Renal profile

Sodium (mmol/L) 94.50+4.81 97.83+£12.98 130.33+16.78 142.50+10.40

Potassium (mmol/L) 3.02+0.21 3.87+0.66 4.78+0.80 6.00+0.88*

Chloride (mmol/L) 67.33£3.84 70.67+9.69 79.83+10.75 103.50+8.20

Urea (mmol/L) 3.68+0.45 4.35+0.57 4.90+0.77 5.92+0.43

Creatinine (umol/L) 15.50+1.26 18.67+2.47 25.334+3.29 24.83+2.06

*P<0.05 pairwise comparison to control. Data are presented as mean+SEM. SD: Sprague Dawley, SEM: Standard error of mean

Table 4: Inflammatory changes in the organs of pregnant
Sprague Dawley rats exposed to technical xylene during
preimplantation period

Technical xylene (ppm)
0 (control) 100 500 1000
Number of assigned females (7) 9 9 9 9
Number of treated females 9 9 9 9
Number of death occurred 0 0 0 0
Organs involved Number of organs affected

Liver (cytoplasmic and nuclear 1/9 3/9 6/9 79
degenerations, congested vessels,

pyknosis, and inflammatory cell
infiltrations)

Kidney (degeneration of renal 1/9
tubules, diminishing brush border,

and interstitial hemorrhage)

Lungs (congestion, hypertrophy, 1/9
and inflammatory cell infiltration)

Uterus (cytoplasmic degeneration, 0/9
and eosinophilia)

2/9 6/9 6/9

3/9 6/9 79

09 2/9 3/9

Data are presented as number of animals displaying the organ’s
involvement. SD: Sprague Dawley

Histological examination of the lungs showed congested
pulmonary tissues with smooth muscle hypertrophy
around the blood vessel and inflammatory cell
infiltration [Figure 5]. There was also an increased
occurrence of eosinophils surrounding the pulmonary
tissues. These findings are consistent with acute
inflammatory changes in response to foreign substances.

Uterine tissues were seen with a higher number of
eosinophils (=5 eosinophils per high power field) in
the 500 and 1000 ppm treated groups. Simple glands

20
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Figure 2: Effects of 100, 500, and 1000 ppm of technical xylene on the
number of implantations in Sprague-Dawley Rats on GD5, data are
presented as mean * standard error of the mean, *P < 0.05 as compared to
the control group, n =9 per treatment group

are nonelongated and less tortuous, indicative of the
proliferative phase of the endometrium. Cytoplasmic
degeneration of the endometrial tissues was prominent in
the 500 ppm and 1000 ppm groups compared to the control
group [Figure 6].

Discussion

This study was conducted to evaluate the maternal toxicity
and prenatal outcome in pregnant rats exposed to technical
xylene during the preimplantation period. This study
provides some knowledge regarding the impact of technical
xylene exposure during the early phase of pregnancy. Many
studies have been conducted to investigate the toxic effects
of xylene in humans and animals before the initiation of
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Figure 3: Photomicrographs of liver of Sprague-Dawley rats exposed to
technical xylene (H and E, x10: Scale bar 200 pm, x40: Scale bar 100 pm).
(a and b) control group; (c and d) 100 ppm; (e and f) 500 ppm; (g and h),
1000 ppm. HA: Hepatic artery, BD: Bile duct, PV: Portal vein, H: Hemorrhage,
Black arrows: Multinucleated hepatocytes, Red arrows: Pyknotic cells,
Yellow arrows: Congested vessels

this study. In the most recent studies, the reproductive
and developmental toxicities of the xylene-containing
compounds were evaluated based on exposure during
the organogenesis period ie. GD6 to GD20.[253538
Nevertheless, maternal reproductive toxicity studies on
technical xylene that encompass the preimplantation phase
of gestation, including the histological assessment, have
never been conducted. In relation to exposure levels and
their effects on the population at risk, insufficient data is
available on mixed xylene or its specific isomers per se."!

In this study, maternal clinical signs of toxicity in pregnant
rats exposed to technical xylene were observed as a
short-term decrease in motor activity, a significant loss in
maternal weight gain, and a marked reduction in food intake.
Similar findings were established in a study by Saillenfait
et al” when mixed xylene was exposed daily to pregnant
rats from GD6 to GD20. In our study, hysterectomy on
GDS revealed that the number of implantations declined

i1

Figure 4: Photomicrographs of kidney of Sprague-Dawley rats exposed to
technical xylene (H and E, x10: Scale bar 200 pm, x40: Scale bar 100 pm).
(a and b) Control group; (c and d) 100 ppm; (e and f) 500 ppm; (g and h),
1000 ppm. G: Glomerulus, RT: Renal tubule, Black arrows: Brush border,
Yellow arrows: Interstitial hemorrhage, Red arrows: Inflammatory cells,
Asterisk: Nuclear shrinkage

substantially in the 1000 ppm treated group as compared
to the control group. The finding suggested that technical
xylene adversely affects the preimplantation embryos or
the implantation process, e.g. a delay in the implantation
or an alteration in the uterine receptivity. Previous studies
have indicated that certain compounds like herbicide
mixtures and nonsteroidal anti-estrogen caused a decline in
the rodents’ implantations.’** However, the present study
was based on findings from a short period of gestational
exposure. Therefore, further investigations should be
conducted to determine the toxic effects of technical
xylene when exposed at different gestational phases, such
as the organogenesis period, with the inclusion of fetal and
placental assessments.

There was a significant increase in the serum total protein
and serum potassium levels of the pregnant rats treated with
1000 ppm of technical xylene. Endocrine profiles, however,
did not show any significant difference among the groups.
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Figure 5: Photomicrographs of lungs of Sprague-Dawley rats exposed to
technical xylene (H and E, x10: Scale bar 200 um, x40: Scale bar 100 pm).
(a and b) Control group; (c and d) 1000 ppm; (e and f) 500 ppm; (g and h),
100 ppm. BV: Blood vessel, L: Lumen, Ep: Epithelium, Black arrows:
Eosinophils, Red arrows: Lymphocytes

It has been reported and supported by liver histology
that an increase in serum total protein is associated with
liver injury.*! In addition, marked hyperkalemia in the
1000 ppm treated pregnant rats suggested an association
with cardiac toxicity.**! However, data on heart histological
findings are not shown in the present study.

Histological findings of tissues collected from the pregnant
SD rats confirmed that technical xylene caused liver,
kidney, and lung injuries, possibly due to its lipophilic
characteristics and a half-life of 1-6 days within the
tissues.!”!  Variations in the biological half-life and
elimination of xylene were found to be dependent on the
body constitution, i.e. rapid in a thin individual and slow
in an obese person.* In hepatotoxicity, toxic chemicals
may cause liver injury directly or indirectly. The liver cells
demonstrate an inflammatory response to harmful toxic
chemicals via conversion of the reactive metabolites by
the liver metabolic enzymes such as cytochrome P450.14

. iy aa - #
e N e (et &
Figure 6: Photomicrographs of the uterus of Sprague-Dawley rats exposed
to technical xylene (H and E, x10: Scale bar 200 pm, x40: Scale bar
100 pm). (a and b) Control group; (c and d) 100 ppm; (e and f) 500 ppm;
(g and h), 1000 ppm; L: Uterine lumen, GL: Simple gland, p: Perimetrium,
m: Myometrium, e: Endometrium, Black arrows: Eosinophils

Histologically, degenerative changes in hepatocytes were
manifested by hydropobic degenerations and cytoplasmic
vacuolation. The focal area of necrosis was indicated by the
infiltration of inflammatory cells around the tissues, such as
the portal areas and hepatocytes.*’! It was also suggested
that xylene exposure induced liver damage in adult rats via
the formation of reactive oxygen species, which are the
major contributors to hepatotoxicity, with the females being
more vulnerable than males.[*!]

Histological assessment of the lungs revealed an
inflammatory response to foreign toxicants characterized by
mucus plug production and inflammatory cell infiltration,
particularly the eosinophils. Generally, the histological
evaluation of pulmonary tissue inflammation is based on
several criteria, such as relative congestion, interstitial
hemorrhage, inflammatory cell infiltration, and the
proportion of airspace area.l*’! These inflammatory changes
are strongly associated with the chemotactic effects of
harmful chemicals like technical xylene.*¥! The histological
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findings were consistent with a previous study by Moradi
et al. where exposure to xylene and BTEX compounds
caused coughing as well as nose and skin irritation among
beauty salon workers in Tehran.'! In addition, BTEX
was found to have a strong correlation with respiratory
disorders such as asthma, inflammation, disturbances in
lung function, and malignancies in humans.™”!

Abnormal histological findings of the treated rats’ kidneys
indicate an acute inflammatory response due to toxic
insult. Due to the active secretion and reabsorption of
chemical metabolites, kidney tubules are prone to cellular
injuries.’” Histological evaluation of rats’ kidneys with
toxic responses to certain chemicals, however, must be
performed cautiously. The renal functions of rats and
mice may hugely vary due to kidney pathologies as a
result of spontanecous age-related or species-specific
natural conditions.P!! Furthermore, the differences between
humans’ and rats’ kidney anatomy and physiology must be
considered when interpreting kidney-associated changes
to specific test compounds.’"! Uterine tissues showed an
increase in the number of eosinophils suggesting that it
could be caused by both inflammatory reactions and the
physiological immune reaction of pregnancy.’? This is
supported by the lowest number of implantations in the
gravid uteri of the pregnant rats treated with 1000 ppm
of technical xylene. In addition, an increased number of
cosinophils in the endometrium has been associated with
endometritis.[>

The histological evaluation suggested that the reproductive
toxicity of technical xylene occurred as a toxic insult that
caused tissue inflammation. Prenatal exposure to technical
xylene may have affected the pregnancy directly, as shown
by a significant decline in the number of implantations and
other maternal reproductive parameters such as maternal
food intake and maternal body weight gain. In addition,
maternal abnormal inflammation has been demonstrated
to cause pregnancy failure due to the higher intensity
of inflammatory hypoxia in the uterine tissues of the
inflammation-induced pregnant rats.’*

Although the threshold limit value (TLV) of xylene
has been set at 100 ppm (434 g/m’) on a weighted
average of daily eight working hours,®>! concerns have
been raised about the health risks of xylene exposure
below the permissible limit.["" Furthermore, the TLV
doesn’t apply to pregnant women. Maintaining the
exposure below the maximum allowable limit may seem
a critical safety measure, but it does not reflect the
xylene level entering and accumulating in the workers’
bodies.[®! In agreement, a safe level of a hazardous
chemical may not apply when its permissible amount
is present in an ambient space for an extended period,
such as in a tissue processing laboratory."l A study
showed that occupational exposure to BTEX mixtures
at the sub-threshold limit from unleaded petrol caused

early, prepathological changes in hepatotoxicity and
nephrotoxicity in humans.¢

Concerning the female reproductive system, the aftermath
of occupational exposure to toxic chemicals is less known
compared to that of the male reproductive system due to
the complexity of the female reproductive regulations, such
as hormonal control and germ-cell development. Besides,
many confounding factors are attributable to the hazardous
effect’s extent, such as age, diet, alcohol consumption, and
smoking.*”! Although it has been claimed that animal studies
provide uncompelling proof of the reproductive effects of
xylene, due to their limitations on interspecies function and
physiology, they have identified and raised many concerns
that contributed to the safety regulations and guidelines to
protect workers’ reproductive health.*>>” Since the female
reproductive health and functions are at risk from technical
xylene and other toxicants, the adverse effects could be
evident at any prenatal and developmental stages. The
findings from the present study shall justify more in-depth
research to scrutinize the adverse effects of technical
xylene at different stages of prenatal development. Perhaps,
removing the pregnant workers temporarily from the
xylene-exposed workspace could be implemented as one of
the safety measures to protect their reproductive well-being.

Conclusion

Maternal exposure to technical xylene during the
preimplantation phase of gestation in female SD rats caused
reproductive toxicity manifested by significant declines in
maternal body weight, maternal food consumption, and total
implantations. An increase in the relative organ weights,
supported by the histological findings, indicated systemic
toxicity affecting several organs of pregnant female rats
exposed to technical xylene during the preimplantation stage.
From the findings of this study, it could be inferred that
technical xylene affects female reproduction compounded
by other organs’ inflammation from prenatal exposure at
the preimplantation stage of pregnancy. Although significant
adverse effects are found evident between the pregnant rats
and the concentrations of technical xylene being studied,
their mechanism of toxicity remains inconclusive. More
studies are warranted to precisely establish the mechanism
of toxic action of technical xylene.
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Correlation of Body Mass Index with Ankle Joint Range of Motion in

Young Adults

Abstract

Introduction: The body mass index (BMI) together with gender and age widely affect the movements
of joints of the individual. The increments in the magnitude of weight of body have a detrimental
impact on the interaction of joints and muscles which have a long-term impact on balance and
posture of the individual. The posture and balance is compromised to a great extent by the reduction
of joints of the lower limb. Objectives: To calculate the BMI, range of motion (ROM) of ankle
joints in both flexed and extended knee positions bilaterally and to correlate the effects of BMI on
the ROM of ankle joint. Materials and Methods: The Department of Anatomy, School of Medical
Sciences and Research, Sharda University, Greater Noida was the place of this cross-sectional study
in which 235 subjects (108 males and 127 females) in the age group of 18-25 years participated
voluntarily. Results: One-way ANOVA analysis of bilateral values of ankle dorsiflexion with flexed
and extended knee of both sides revealed a statistically significant difference with a progressive
decrease in the values from normal to obese group. Conclusion: The findings of the present study
could prove useful for designing rehabilitative interventions for the overweight and obese subjects
with the aim to improve their activities of daily living and reduce the morbidity from increased body

mass.

Keywords: Ankle joint, body mass index, dorsiflexion, goniometry, range of motion

Introduction

The act of maintaining the balance in a
static or dynamic posture is crucial for
the attainment of postural stability. The
interaction of joints and muscles which
is essential for the functional capacity
and postural balance of the human
body is adversely affected by increased
body weight. A decreased joint range of
motion (ROM), especially of the lower
extremity is primarily responsible for
postural instability in overweight and obese
subjects. The ROM varies with various
factors such as age, sex of individual, and
nature of motion whether the joints are
moved voluntarily or without assistance.
The body mass index (BMI), occupation
and recreational activities also have a major
impact on the joint motion.'3) BMI is a
simple index of weight for height that is
commonly used to classify underweight,
overweight, and obese individuals.

The ankle ROM in humans is affected
by geographical and cultural differences
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in the activities of daily living.! The
average plantar flexion is 40°-56° and
dorsiflexion (DF) of the ankle is reported
to be 13°-33°.57 The high incidence of
musculoskeletal disorders in obese subjects
was reportedly due to excess mass which
by altering the individual’s joint motion
exerts excessive joint load as enunciated by
Capodaglio et al.® Anatomically, the ankle
joint encompasses a complex rotation axis
which varies in DF and plantar flexion.
Roentgen stereophotogrammetry was used
for analyzing the axis of rotation in eight
healthy volunteers with 10° increments
between 30° plantar flexion and 30°
DF by Lundberg et al. and observed a
continuous change in axis of rotation with
major individual variations.”? The trochlear
surfaces of 152 human tali were studied by
Barnett and Napier and observed that that
the medial and lateral curvatures of the
talus are different and concluded that the
axis of rotation of the ankles changes its
position during the arc of motion.!'”

Anthropometric status can influence lower
limb joint ROM, but there is relatively
little published research regarding structural
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and functional characteristics of lower limb in overweight
and obese young adults. Hence, the purpose of the present
study is to establish the BMI related effects on the ROM of
the ankle joints for both males and females in young adults
from North India.

Aims and objectives

1. To estimate the
measurement

2. To measure the ROM of ankle joints in flexed knee and
extended knee positions of both sides

3. To correlate the effects of BMI on the ROM of ankle
joint of both sides.

BMI from height and weight

Materials and Methods

Department of Anatomy, School of Medical Sciences and
Research, Greater Noida, was the place of the present
cross-sectional study, in which 235 subjects (108 males
and 127 females) participated, after obtaining approval of
the ethical committee of the School of Medical Sciences
and Research, Sharda University. The subjects were in the
age group of 18-25 years and excluded those not fulfilling
the inclusion criteria. The participants were subjects who
volunteered for the study and were included after obtaining
their written informed consent.

Inclusion criteria were healthy adults between 18 and
25 years of age of either sex, not falling into the ambit
of exclusion criteria. Subjects with BMI of <19 kg/m?
existing neurologic and lower extremity chronic conditions,
appreciable leg length discrepancy, history of acute lower
extremity injury or surgery within the 6 months were
excluded from the study.

Methodology

BMI was calculated as follows: BMI = weight in kg/(height
in meter)?.

Based on the BMI, participants were divided into
three groups: Normal (19-24.9 kg/m?), overweight
(25-29.9 kg/m?), and obese (>30 kg/m2).'1 All the
measurements were performed by a single investigator.
Weight of the subject was measured in light clothes and
without shoes using standard apparatus, which read to the
nearest 0.1 kg. Height of the subject was measured without
shoes to the nearest 0.5 cm, as the vertical distance from
the vertex (the highest point on the top of the head) to the
floor in the mid sagittal plane with the subject standing
bare foot on an even floor and the head being oriented in
the Frankfurt’s plane. Joint ROM measurement was done
using 180° system, by the universal goniometer.'” The
measurement of DF of ankle joint was done in flexed knee
and extended knee positions on both the sides. The ankle
DF in the flexed knee position [Figure 1] was measured
with the subject seated with the popliteal fossa at the edge
of the table and the knees in 90° of flexion in the sitting
position. The axis of the goniometer was centered over the

Figure 1: Ankle joint measurement in flexed knee position

lateral malleolus, the stationary (proximal) arm was placed
along the shaft of the fibula (this is perpendicular to 0°),
and the movable (distal) arm was placed parallel to the fifth
metatarsal. The ankle DF ROM was recorded in the sagittal
plane in degrees. The ankle DF ROM in the extended knee
position [Figure 2] was measured with the subject seated on
a table with the knees fully extended (0°) and the feet off
the edge of the table. The ankle joint was in neutral, starting
position (90° angle between shank and foot segment) with
the foot in 0° inversion and eversion. The axis of the
goniometer was centered over the lateral malleolus, the
stationary (proximal) arm was placed along the shaft of the
fibula (this is perpendicular to 0°) and the movable (distal)
arm was placed parallel to the fifth metatarsal.

Statistical analysis

Data of the three groups were combined for the standard
descriptive statistics (mean + standard deviation) which
were determined for the BMI and ankle joint ROM for
all the three groups. Gender and bilateral differences
were tabulated and calculated for difference (P < 0.05)
by the paired Student’s ¢-test which was applied for the
comparison of data among the North Indian normal weight,
overweight, and obese males and females. The difference
between subject groups was tested using the one-way
ANOVA for multiple comparisons using a significance
level of 0.05 (SPSS version 22). A 5% level of probability
was used to indicate statistical significance.

Observations and Result

The anthropometric variables (height and weight) of
each subject were measured to evaluate the BMI and the
subjects were divided into three groups of normal (150) 1,
overweight (56) and obese (29). The mean values of BMI
in three groups of normal, overweight, and obese subjects
did not show any statistically significant gender difference,
when analyzed by the Student’s z-test [Bar Diagram 1].

The comparison of bilateral mean values of ankle joint
DF in normal subjects is depicted in Table 1. The mean
ankle DF with flexed knee on the left and right sides
was 17.70° £ 1.93° and 17.98° + 1.96°, respectively (la).
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Figure 2: Ankle joint measurement in extended knee position

The values of ankle DF with extended knee were
16.28° + 1.48° and 15.91° £ 1.69° on the left and right
sides, respectively (1b). In normal subjects, on analysis
of the results by Student’s #-test, a bilateral statistically
significant difference (P < 0.05) was observed in the values
of ankle DF in both flexed and extended knee position.

The comparison of bilateral mean values of ankle joint
ROM in overweight subjects is shown in Table 2. The
mean values of left and right ankle DF ROM in flexed
knee position were 14.68° + 1.91° and 14.85° £ 1.53°,
respectively (2a). The values of left and right ankle DF
ROM in the extended knee position were recorded as
13.886° = 1.23° and 13.70° + 1.38° (2b). On analysis of
the findings in overweight subjects by the Student’s #-test,
the comparison of bilateral mean values of ankle DF with
both flexed and extended knee did not exhibit significant
difference (P > 0.05) in overweight subjects.

Table 3 shows the comparison of mean values of ankle joint
ROM in obese subjects. The ankle joint DF ROM (degrees)
in the flexed knee position on the left side was 13.69°
+ 1.81° and 13.10° £ 1.20° on the right side (3a). The
values of left and right ankle joint DF ROM (degrees)
in the extended knee position were 12.17° £ 1.16° and
12.17° + 0.92°, respectively (3b). With flexed knee, ankle
DF ROM revealed a statistically significant difference
bilaterally (P < 0.05) while with extended knee ankle DF,
ROM was not found to be statistically significant (P > 0.05).

One-way ANOVA analysis of values of ankle DF with flexed
and extended knee of both sides revealed a statistically
significant difference with a progressive decrease in the
values from normal to obese group. Bar Diagrams 2 and 3
depict the gender wise comparison of ankle joint ROM in
the three groups of subject. Analysis of data of male and
female on both the sides by Student’s #-test did not yield a
statistically significant difference (P > 0.05) in the values
of ankle joint ROM.

Discussion

In the present study, a statistically significant
difference (P < 0.05) was observed between the left and

Table 1: Mean values of ankle joint range of motion in
normal subjects

Parameters MeantSD  #-test P and significance
Ankle DF with flexed 17.70+£1.93  2.91 P<0.05

knee (left) (significant)
Ankle DF with flexed 17.98+1.96

knee (right)

Ankle DF with 16.28+1.48  4.12 P<0.05
extended knee (left) (significant)
Ankle DF with 15.91£1.69

extended knee (right)

P<0.05 indicates statistical significance. SD: Standard deviation,
DF: Dorsiflexion

Table 2: Mean values of ankle joint range of motion in
overweight subjects

Parameters Mean+SD  z-test P

3a  Ankle DF with flexed  14.68+1.91 1.026  0.309 (not
knee (left) significant)
Ankle DF with flexed  14.85+1.53
knee (right)

3b  Ankle DF with 13.88¢1.23  1.526  0.133 (not
extended knee (left) significant)
Ankle DF with 13.70+1.38
extended knee (right)

SD: Standard deviation, DF: Dorsiflexion

Table 3: Mean values of ankle joint range of motion in
obese subjects

Parameters MeanSD t-test P
3a Ankle DF with flexed knee (left) 13.69+1.81 2.38 0.024
Ankle DF with flexed knee (right) 13.10+1.20 (significant)
3b Ankle DF with extended knee  12.17+1.16 0.000 1.000 (not
(left) significant)
Ankle DF with extended 12.17+0.92
knee (right)

SD: Standard deviation, DF: Dorsiflexion

right ankle DF ROM in both flexed and extended knee
position in normal group, while it was not significant
statistically (P > 0.05) in overweight subjects [Tables 1 and 2].
Obese group [Table 3] also showed a statistically significant
difference (P < 0.05) in ankle DF ROM but only with the
flexed knee position. This finding was consistent with
Ferrario et al. who observed more than 5° difference in
total ROM (DF and plantar flexion).'¥) The results of the
present study demonstrate that the range of ankle DF was
less in the extended knee position (16.28°) than with the
knee flexed (17.70°) [Table 4], which is supported by Fong
et al. who from their study conducted on young adults of
Boston university, USA, reported a mean of 14.3° £ 5.5°
and 18.9° + 5.9° ankle DF in the extended and flexed knee
position, respectively, thus corroborating the observation of a
decreased ROM of ankle joint with extended knee as noted in
the present study.'¥ The extended knee ROM measurement
assesses the extensibility of both gastrocnemius and soleus
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Table 4: Comparison of mean values of ankle dorsiflexion range of motion (°) in flexed and extended knee position in

the three groups
Groups Mean+SD
Normal Over weight Obese
Left ankle DF (knee flexed) 17.70+1.93 14.85+£2.10 13.60+1.8
Right ankle DF (knee flexed) 17.98+1.96 15.01+1.74 13.10+1.20
Left ankle DF (knee extended) 16.28+1.48 14.01+1.39 12.17+1.16
Right ankle DF (knee extended) 15.91+£1.69 13.85£1.5 12.17+0.9

P<0.05 indicates statistical significance. SD: Standard deviation, DF: Dorsiflexion

40
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Bar Diagram 1: Representation of mean BMI in male and female subjects
in the three groups. BMI: Body mass index
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Bar Diagram 2: Gender difference of ankle dorsiflexion ROM with flexed
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Bar Diagram 3: Gender difference of ankle dorsiflexion ROM with extended
knee. ROM: Range of motion

muscles whereas the flexed knee measurement performed at
90° of knee flexion essentially isolates the soleus. Spyropoulos
et al. studied ROM of lower limb in 12 obese and 12
nonobese men between the ages of 3047 years and reported
that obese had significantly greater DF than plantar flexion.
The gastrocnemius facilitates the push off in stance phase by
plantar flexion and the reduced plantar flexion in obese was
to decrease energy expenditure by decreasing the height to
which the body is forced up and increased DF is essential for
toe clearance in the swing phase.'”! The study of alterations
in ground walking patterns in obese and overweight adults by
Meng et al., done by computing the angular displacements,
ROM of bilateral hips, knees, and ankles however did not
indicate significant differences among the three BMI which
is not consistent with present study.'®! Jeong et al. from their
study of preobesity and obesity impacts on passive joint
ROM reported that the three categories of BMI groups did
not show a significant difference in the mean ROM for ankle
DF, which may be due to the soft tissues disposition of the
leg. The increased BMI results in a relatively larger increase
in mass and volume for the tissues in the posterior part than
the anterior leading to larger resistance to passive plantar
flexion from compression of the soft tissues occupying the
space around the ankle joint.'” Park and Park compared the
foot arch height, plantar fascia thickness, ROM of the ankle
joint, and balance between obese and normal weight young
adults and concluded that obese young adults had weakened
ankle eversion strength and balance problems compared with
the normal weight group.'" The results of the study could
have implications in sports industry for improving ankle
flexibility to improve the performance of players.

Limitations of study

The present study examined only active ROM in which
the subject moves the joint unassisted. Furthermore, the
study involved less number of participants of single ethnic
group from a small region. Further studies could take into
consideration comparison between dominant and nondominant
leg and future research should aim to include a larger number
of participants from wide geographical areas and a wider age
group to reduce the morbidity arising from increased BML.

Conclusion

The findings of the present study could prove useful in
ergonomics for designing products and systems for the

Journal of the Anatomical Society of India | Volume 72 | Issue 3 | July-September 2023 265



Rohatgi, et al.: Range of motion of knee joint with body mass index in young adults

overweight and obese individuals as they comprise a
significant proportion of manpower worldwide. The effects
of different levels of weight loss and its effect on the
physical traits can prove useful for improving the activities
of daily living of obese individuals.
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- Case Report

JASI

A Rare Anatomical Variant: Aberrant Arterial Supply of Azygoesophageal
Recess Originating from the Celiac Plexus

Abstract

The aberrant arteries of the lung are very rare abnormalities. It is included in the type 1 sequestration
group when it is a single finding without other sequestration features. Sequestrations account for <1%
of all lung malformations. Type 1 is the least common form in this group. In 75% of these cases,
the aberrant artery (AA) originates from the thoracic aorta. AA originating from the celiac plexus is
very rare. Moreover, even if it originates from an abdominal vascular, AA is extended left lower lobe
of the lung or the right middle lobe. Our case is atypical with its azygoesophageal recess (AOR)
localization. The AOR is a special region that forms the mediobasal segment of the right lung. After
the pandemic, this region has been expressed as one of the areas where COVID-19 infection shows
affinity. The reason for this condition has not been definitively clarified yet. Therefore, the anatomical
details of this segment need to be more probed. Furthermore, the radiological multidetector computed
tomography (MDCT) appearance of our case is in the differential diagnosis, with Scimitar syndrome
and, as far as we know, this differential diagnosis detail has not been mentioned so far. MDCT
plays an important role in the diagnosis and planning of definitive treatment by determining the
origin and course of the AA. Definitive treatment may be surgery (lobectomy or segmentectomy)
or endovascular. The case of a 62-year-old patient with a lung AA is presented accompanied by

radiological and clinical findings.

Keywords: Aberrant artery, anatomic variants, radiology, thorax

Introduction

The lung is an organ with a dual
arterial supply. Except for bronchial
or pulmonary arterial circulation, the
supply of lung parenchyma by aberrant
artery (AA) is a very rare encountered
anomaly without a separate sequestered
segment.l!! Tt is sometimes included in the
type 1 sequestration group. Sequestrations
account for <1% of all lung malformations.
Type 1 is the least common form among
the groups (types 1, 2, and 3).2% In 75%
of type 1 cases, the AA originates from
the thoracic aorta. AA originating from
the celiac plexus is a very rare variation.
Moreover, even if a lung segments supply
provided by an abdominal vascular, the
region where abnormal vascularity is
probably the left lower lobe of the lung or
the right middle lobe. Our case was also
atypical according to its localization.** The
azygoesophageal recess (AOR) is a special
region that forms the mediobasal segment
of the right lung. After the pandemic, this
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region has been expressed as one of the
areas where COVID-19 infection shows
affinity. The reason for this condition
has not been definitively clarified yet.
Therefore, the anatomical details of this
segment need to be more probed.”>

Furthermore, the radiological appearance
of our case in multidetector computed
tomography (MDCT) is in the differential
diagnosis, with Scimitar syndrome and,
as far as we know, this differential
diagnosis detail has not been mentioned
so far.”? MDCT plays an important role
in the diagnosis and planning of definitive
treatment by determining the origin
and course of the AA.®! The case of a
62-year-old patient with the AA originating
from the celiac plexus, extending to the
AOR, was presented accompanying by
radiological and clinical findings.

Case Report

A 62-year-old male patient was referred to
us with the initial diagnosis of anemia was
detected in the examinations performed in
an external medical center. There was a

How to cite this article: Dogan E, Dogan MM,
Giiney B, Tapan OO, Tapan U, Olcay SS. A rare
anatomical variant: Aberrant arterial supply of
azygoesophageal recess originating from the celiac
plexus. J Anat Soc India 2023;72:267-70.

Emrah Dogan,
Marwa Mouline
Dogan’,

Bilinyamin Giiney,
Ozge Oral Tapan?,
Utku Tapan?,

Sabri Serhan Olcay?

Departments of Radiology,
'Cardiology and *Pulmonology,
Mugla Sitki Kogman University
Education and Training
Hospital, Mugla, Turkey

Article Info

Received: 01 September 2022
Accepted: 15 August 2023
Available online: 28 September 2023

Addpress for correspondence:
Prof. Emrah Dogan,

228 Sok. Obam Sitesi No: 15
Kotekli/Mentese, Mugla, Turkey.
E-mail: emrahdogan@mu.edu.tr

Access this article online

Website: https://journals.lww.
com/joai

DOI:
10.4103/jasi.jasi_117_22

Quick Response Code:

© 2023 Journal of the Anatomical Society of India | Published by Wolters Kluwer - Medknow

267



Dogan, et al.: AOR arterial supply originating from the celiac plexus

known history of medication (Saneloc 50 mg, Atacand, and
oral iron use). In addition, the patient was being followed
up for ascending aortic aneurysm. Abdominal, lung, heart,
neurological, and systemic examinations were normal.
On manual neck examination, neck lymph nodes were
palpable. He had no history of hemorrhoids.

In the laboratory, iron was 74 ng/mL, total iron-binding
capacity: 291 pg/dL, transferrin saturation: 25%, ferritin:
61.5 ml/ng, Vitamin B12: 458 pg/ml, and reticulocyte:
1.22%. White blood cell was 7620 x 109/L, hemoglobin:
13.3 g/dL, platelet: 278,000/uL of blood, and sedimentation:
62 mm/h. There was no evidence of anemia in the patient’s
laboratory results, but thrombocytosis was detected.

In the neck sonography, bilaterally big but reactive fusiform
lymph nodes in the size of 22 mm x 9 mm x 8§ mm
in the left submandibular region (Level 1B) and
20 mm x 8 mm x 7 mm in the jugulodigastric
region (Level 2A) were detected.

In the abdominal ultrasonography, there were sequela
calcifications in the liver. The spleen and pancreas were
normal. There were Bosniak type 1, 2, and 2F cortical
parapelvic cysts in bilateral kidneys. The largest one was
8 cm. Millimetric kidney stones were detected in both
kidneys.

The heart is in the normal configuration in thorax computed
tomography (CT). Atherosclerotic wall calcifications
were detected at the level of the aortic arch, descending
aorta, brachiocephalic radix, and coronary arteries. The
anteroposterior diameter of the ascending aorta is 50 mm at
its widest point and is wider than normal. No effusion was
detected in the pleural and pericardial spaces.

On contrast-enhanced CT images, an abnormal arterial
vascular structure is incidentally observed at the entrance
of the AOR on the right side. The vascular structure
was extending toward the lower lobe of the right
lung [Figure 1].

Vascular structure was arising from the main celiac
plexus [Figure 2].

There was neither a separated lobe nor abnormal bronchial
branch. All findings were compatible with Pryce type 1
sequestration and abnormal AA. The consent form was
signed by the patient on April 27, 2022.

Discussion

As it is known, the lung has two separate arterial supply
systems, pulmonary and bronchial.'! In the case of
sequestration, especially in the lower lobes of the lung,
a focal segment is fed by the aorta or its branches.
However, in this case, additional findings accompany
the pathology. A systemic arterial supply with normal
bronchial communication (no bronchial sequestration) and
no cardiovascular or pulmonary abnormalities is a rare
congenital abnormality.?3! Although there is no additional
abnormality other than arterial variation, it should be
included in the sequestration groups because of the
embryological mechanism of AA of the lung. It is called
type 1 according to the Pryce classification!! [Table 1].

Although pulmonary sequestration is expressed in
0.15%—-6% of all congenital pulmonary malformations
in various studies, the general consensus is that it is
below 1%.5!9 However, this is the prevalence of all
sequestrations. AA variant, which is considered type 1, is
very rare.® In intralobar sequestration, the AA originates
from the thoracic aorta in 74% of all cases, and 14% have
more than one abnormal artery. A single artery supplies the
majority of cases, and two or more arteries are seen in 21%
of cases.[”) Our case is a rare case due to the presence of a
single artery originating from the celiac plexus originating
from the abdominal aorta. Apart from this, there are cases
associated with the left subclavian artery and internal
mammary artery.

In the presence of pulmonary sequestration, diaphragmatic
hernia 36%, hernia with diaphragm defect 19%, diaphragm

Figure 1: Axial computed tomography images showing an aberrant artery originating from the celiac plexus and vertically reaching the azygoesophageal
recess of the right lung
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Figure 2: (a) Appearance of the aberrant artery (AA) in coronal computed
tomography angiography images, (b) AA originating from the celiac main
artery (arrow)

Table 1: Pryce classification
Variant type Anomalies

Type 1 Normal lung with anomalous systemic arterial supply

Type 2 Anomalous artery supplying “disconnected lung”
and adjacent normal lung

Type 3 Anomalous artery to “disconnected lung”

Our patient was compatible with type 11!

loosening 5%, lung anomalies 13%, tracheoesophageal
fistula 2%, epiphrenic diverticulum 3%, vitium cordis 6%,
pericardial anomalies 4%, funnel chest 1%, esophageal
duplication 1%, megacolon 1%, and other anomalies
11% may accompany.l''! However, malformations usually
accompany type 2 and 3 sequestration. Its association
with the type is not expected. There was no accompanying
additional anomaly in our case.['”

The AA variant is more common in the lower lobes of the
left lung and usually affects the posterior basal segment.!*
There are cases where it affects the right middle lobe. In
our case, the right lower lobe AOR was affected (lower
lobe mediobasal segment). It differs in this respect.

The AOR is a special region that forms the mediobasal
segment of the right lung. After the pandemic, this region
has been expressed as one of the areas where COVID-19
infection shows affinity. The reason for this has not been
definitively clarified.”! Therefore, the anatomical details of
this segment need to be considered more.

Embryologically, the lung bud develops from the primitive
aorta. When there is a migration or regression defect in
this area, the feeding connection of the lung with the aorta
continues. Where this is evident, there is the potential to
develop focal pulmonary hypertension and high-output
heart failure.'™ In our case, only thrombocytosis is present.
In the systemic evaluation, there is no additional finding
to explain the cause of thrombocytosis. To the best of our
knowledge, there is no information on the relationship
between sequestration or abnormal pulmonary artery and
thrombocytosis in the literature. This topic is open to future
research.

Most patients are asymptomatic in the presence of an AA.
Rarely, hemoptysis is seen. In this case, contamination
around the AA is expected. This is related to the higher
pressure of the systemic circulation compared to the
pulmonary circulation. Other symptoms include exertional
dyspnea, lower chest murmur, and congestive heart failure
due to left heart overload.!'

X-ray is often insufficient to identify such lesions. Or,
if it extends vertically or obliquely from the inferior,
as in our case, it can stand out like the Scimitar vein.
Therefore, venous pulmonary return anomaly and AA
are radiologically in the differential diagnosis in the first
place. This appearance becomes evident, especially when
originating from the abdominal source.

CT is the most demonstrative examination. As in our
case, CT angiography should be added to the examination
in cases where the arterial origin cannot be determined
clearly. In CT, as in direct radiography, Scimitar syndrome
is in the differential diagnosis. Angiography is useful in
determining the origin of the vascular structure.!'®

As in our case, follow-up is recommended in asymptomatic
cases. In the presence of recurrent hemoptysis,
endovascular treatment (embolization and surgical ligation)
or operation (lobectomy and segmentectomy) may be
considered.*!”

Conclusion

The presence of AA originating from the aorta is
considered type 1 in the sequestration group due to
embryological origin. Our case is an atypical case due to
the presence of AA originating from the celiac plexus and
the localization of AOR. In the absence of angiography and
further examination, it mimicked Scimitar syndrome. CT
angiography is important in diagnosis. Since aortic pressure
is from pulmonary artery pressure, aberrant arteries may be
the source of hemoptysis. If it is asymptomatic, as in our
case, it should be followed up. It should be evaluated for
endovascular and surgical treatment in cases of recurrent
hemoptysis.
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- Case Report

Inferior Vena Cava Agenesis, Bilateral Double Renal Veins, and Left
Circumaortic Renal Vein: A Rare Case and Brief Review of the Literature

Abstract

The improper embryologic development of the inferior vena cava (IVC) is a rare congenital defect
that affects about 4% of the population. IVC agenesis is one of the less common variations, with
an estimated prevalence ranging from 0.005% to 1%. We present a rare instance of IVC agenesis,
bilateral double renal veins, and left circumaortic renal vein that manifested as lower extremities
deep vein thrombosis. While anomalies of the IVC and renal veins are exceedingly rare, they should
be considered during retroperitoneal procedures to avoid major consequences, particularly venous
bleeding caused by incorrect damage. Anatomical variance of the IVC and renal veins is critical for
procedures such as ureteral surgery, sympathectomy, radical nephrectomy, and organ transplantation.
The clinical significance of these aberrations stems from the possibility of mistakes during imaging.
They play a significant role in the diagnosis and treatment of venous thromboembolic disease.

Keywords: Agenesis, anatomical variations, deep vein thrombosis, inferior vena cava, renal veins

Introduction

The improper embryologic development
of the inferior vena cava (IVC) is a rare
congenital defect that affects about 4%
of the population. IVC agenesis is one
of the less common variations, with an
estimated prevalence ranging from 0.005%
to 1%. These anomalies can be isolated or
combined with other conditions such as
situs inversus, dextrocardia, polysplenia,
and asplenia.l!!

Except for IVC interruption, which is more
common in females, they are primarily
observed in males (62%), and their
frequency is similar in Asiatic, European,
and other Western countries, with the
exception of IVC aplasia/agenesis, which
is less common in Asia. More prevalent
anatomical variants within the spectrum
of IVC malformations are the duplicate
IVC (0.2%-3%), transposition (left-sided
IVC 0.2%-0.5%), the circumaortic left renal
vein (1.5%—8.7%), and the retroaortic renal
vein (2.1%). The absence of a portion of the
IVC, azygos, and hemiazygos continuation
of a double IVC, hypoplasia, or aplasia/
agenesis, or interruption of the IVC, double
superior vena cava (SVC), and double IVC
are all rare abnormalities of the IVC.>¥
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In most cases, IVC anatomical anomalies
are identified by chance during imaging,
surgery, or dissection studies. When
symptomatic, persistent varicose veins,
stasis dermatitis, skin ulcerations, deep vein
thrombosis (DVT), and, in severe cases,
venous thromboembolisms are common
clinical findings of IVC agenesis.™

We present a rare instance of IVC agenesis
and numerous venous abnormalities that
manifested as lower extremities DVT.

Case Report

Two days following her initial diagnosis
of lower extremity DVT, a 32-year-old
female arrived with cough. The patient
was first assessed with a direct chest
radiogram, which revealed an abnormal
convexity at the left superior mediastinum.
The mediastinal abnormalities and probable
pulmonary thromboembolism (PTE) were
then assessed using computed tomography
(CT).

The azygos vein appeared hypertrophic
on CT imaging, extending the course of
the SVC. The hepatic vein was directly
emptied into the right atrium. The IVC
was agenetic in its suprarenal region, there
were two separate right renal veins (RRVs),
and there was a circumaortic left renal
vein (Ca-LRV) [Figures 1 and 2]. There
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c / d

Figure 1: (a) Posteroanterior chest graphy, hypertrophic Azygos vein is seen
(arrow). (b) Axial contrast-enhanced CT image, the HV directly empties into the
RA. (c) Coronal maximum intensity projection, contrast-enhanced CT image;
the IVC is agenetic in its suprarenal region (long arrow) and two separate right
renal veins (black arrows) are seen. (d) Coronal maximum intensity projection,
contrast-enhanced CT image; the HV is directly emptied into the RA (top white
arrow). The IVC (bottom white arrow) is agenetic in its suprarenal region, there
is a circumaortic left renal vein (black arrows). CT: Computed tomography, HV:
Hepatic vein, RA: Right atrium, IVC: Inferior vena cava, LRV: Left renal vein

was no evidence of PTE, and the patient was diagnosed
with atypical viral pneumonia.

Discussion

Normal IVC has four embryological segments: hepatic,
suprarenal, renal, and infrarenal. The formation of these
segments, which occurs between the 4" and 8" gestational
week, is a very sophisticated process that can be disrupted
by a variety of circumstances, resulting in a variety of
IVC defects. The vitelline vein forms the hepatic section
of the IVC. There are three pairs of embryonic veins that
play an important role in the development of the vena
cava system: posterior cardinal veins, which arise first and
then regress, subcardinal veins, and supracardinal veins.
During the embryologic phase, this bilateral cardinal
venous system supplies the primary venous drainage
of the fetus and connects the systemic and pulmonary
veins. Following that, the vena cava system develops as
anastomoses between cardinal veins form and pulmonary
veins connect to the left atrium. The right anterior vein
generates the SVC, whereas two segments of the IVC
arise from the right supracardinal vein (the infrarenal
segment of IVC) and the right subcardinal vein (the
suprarenal segment of IVC). The right suprasubcardinal
and postsubcardinal anastomoses form the renal portion of
the IVC. The postcardinal veins are gradually replaced by
the supracardinal and subcardinal veins in the abdominal

Right Atrium

Hepatic Vein

Figure 2: (a) lllustration of the presented anatomic variations. (b) 3D CT
image, the IVC is agenetic in its suprarenal region, there are two separate
right renal veins (black arrows), and there are two separate left renal veins
(LRV1 and 2), one of them passes behind (LRV1), the other one passes ahead
(LRV2) of the aorta (circumaortic left renal vein). IVC: Inferior vena cava,
LRV: Left renal vein, CT: Computed tomography, 3D: Three-dimensional

area, but they remain as the common iliac veins in the
pelvis. The azygos and hemiazygos veins grow from the
supracardinal veins in the thorax. The right brachiocephalic
vein is created by the union of two vessels: the internal
jugular vein and the subclavian vein. The abnormal growth
of the IVC may result in an increase in intrahepatic and
extrahepatic shunts between the systemic and portal veins,
which should be surgically rectified.*>

Renal vein embryogenesis is part of the complex process
of IVC embryogenesis, which involves a large network of
anastomoses connecting three pairs of cardinal veins that
undergo a regulated process of appearance and regression
until the normal IVC and renal veins are created. Anomalies
of the IVC and renal veins are caused by a regression error
or improper persistence of these embryonic veins. Normal
renal veins form in a complicated circulatory environment
dominated by the renal collar. This collar is formed
ventrally by intersubcardinal anastomoses and tiny sections
of the right and left subposterior anastomoses, laterally
by anastomoses between supra and subcardinal veins, and
dorsally by intersupracardinal anastomoses. Initially, each
kidney is linked to the renal collar through a pair of veins
with a dorsal and ventral limb. Later, regression of the
renal collar’s dorsal limb and the posterior branch will give
rise to the typical renal vein.[®”

Regarding the embryologic mechanism, we believe that
the circumaortic course of our patient’s RRV could be
explained by the persistence of the inter-subcardinal
anastomoses, inter-supracardinal anastomoses, and left
subsupracardinal anastomoses, as previously stated for a
right circumaortic renal vein case.[®
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The vast majority of patients with infrarenal IVC agenesis
are asymptomatic. In young male patients, the typical
presentation is solitary DVT, particularly at the iliofemoral
segment. Approximately 5% of DVT patients under the age
of 30 had full or segmental IVC agenesis. The best therapy
choice for this illness is now life-long low-molecular-weight
heparin, followed by Vitamin K antagonists, however, it
should be patient-tailored. Each patient’s need for long-term
anticoagulant medication should also be assessed.!'*!

In general, renal vein abnormalities are clinically
quiet and are most usually detected as an incidental
discovery following routine tests for other reasons or
during postmortem. When present, these defects have
significant clinical, surgical, and therapeutic implications.
Ca-LRV has tremendous clinical value when planning
a nephrectomy, especially in this era of renal
transplantation that we are currently witnessing. Before
planning a retroperitoneal operation, a thorough study
and understanding of renal vein anatomy are essential,
especially when utilizing a laparoscopic method because
the restricted window of vision may make it difficult
to detect abnormal vessels. Even while staging for
tumor lesions, radiologists should be familiar with such
anomalies since aberrant renal veins can be mistaken
as lymphadenopathies. The posterior limb of Ca-LRV
may be crushed by the aorta in rare cases, resulting in
nutcracker syndrome.?6#!

Conclusion

Finally, three major findings should be emphasized.
To begin, while anomalies of the IVC and renal veins
are exceedingly rare, they should be considered during
retroperitoneal procedures to avoid major consequences,
particularly venous bleeding caused by incorrect damage.
Anatomical variance of the IVC and renal veins is critical
for procedures such as ureteral surgery, sympathectomy,
radical nephrectomy, and organ transplantation. Second,
the clinical significance of these aberrations stems from the
possibility of mistakes during imaging. Third, they play a
significant role in the diagnosis and treatment of venous
thromboembolic disease.
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Review Articles:
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Letter to the Editor:
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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.
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may submit books, as well as a list of suggested reviewers,
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Editorial, Guest Editorial, Commentary and Opinion are
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References
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below, which are based on the formats used by the NLM in
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Parasitology. 3rd ed. All India Publishers and
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2. Editor(s), compiler(s) as author: Garcia LS, Filarial
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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,
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Electronic Sources as reference
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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, {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
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for illustrations not on the illustrations themselves.
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be supplied.
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remove all the unwanted areas.

» If photographs of individuals are used, their pictures
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minimum resolution of 300 dpi or 1800 x 1600 pixels
in TIFF format. Send the images on a CD. Each figure
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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
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