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Dear Colleagues,

2021 took away a very precious person from us. Earlier
this year, we received the news of a falling star from our
Turkish Anatomy Society; Professor Dogan Taner...
Our professor’s contributions to the Anatomy and
Medicine cannot be repayable, but we would like to ded-
icate our first issue of 2021 to his memory in order to
express even a little bit of our loyalty towards him. On
this occasion, I would like to thank Prof. Dr. Deniz
Demiryiirek for his contributions to the editorial process
in the articles written on Prof. Taner’s behalf and also
his anchoring and directorship in the video interviews.
Thanks to him, I believe that the name of our teacher
and mentor Dogan will always be remembered and will
be immortal for our journal readers.

Like last year; this year had also started under the
influence of the COVID-19 pandemic. I am extremely
happy and proud to be able to publish the works of aca-
demics who did not stop their education and research
activities under the shadow of the pandemic. We yet
don’t know what 2021 will bring to us; but I hope that
the days when we can work more effectively and with
higher motivation are ahead and hope that all the post-

ORCID ID:
N. Apaydin 0000-0002-7680-1766

deomed.

poned studies will be implemented soon. In this context,
I am pleased to announce the 2 congresses that will be
held online this year as well.

The first is the 16th EACA and 12th ISCAA Joint
Congress. This congress will be held online on 14-16
September 2021, under the presidency of Professor
Raffaele De Caro, using the technical infrastructure of
the University of Padova. You can follow the detailed
information about the congress on the updated website
https://neuroscienze.unipd.it/eaca-iscaa. The deadline
for abstract submission is June 30, 2021.

The second is the XXII National Anatomy Congress,
which will be held online between 13-17 October with the
joint contributions of Gazi University and Yiiksek Thtisas
University Medical Faculties Anatomy Departments. The
main theme of the Congress will be “Anatomy and
Technology”. You can follow detailed information and
current developments about the congress, on the congress
website “https://anatomikongresi2021.gazi.edu.tr/”. The
deadline for submission is August 15, 2021.

Hope to see you in healthy days.
With my deepest regards.

Correspondence to: Nihal Apaydin, MD, PhD

Department of Anatomy, Ankara University School of Medicine,
Sthhiye 06100 Ankara, Turkey

Phone: +90 312 595 82 48

e-mail: napaydin@gmail.com

Conflict of interest statement: No conflicts declared.

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs 4.0 Unported (CC BY-NC-
ND4.0) Licence (http://creativecommons.org/licenses/by-nc-nd/4.0/) which permits unrestricted noncommercial use, distribution, and reproduction in any
medium, provided the original work is properly cited. How to cite this article: Apaydin N. What 2021 takes and what it brings. Anatomy 2021;15(1):ii.
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Investigation of the moderate toxicity of
agricultural pesticides cyantraniliprole, boscalid
and spiromesifen in vitro using neurotoxicity

screening test
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, Ibrahim Tugly’

'Department of Medical Microbiology, School of Medicine, Izmir Democracy University, Izmir, Turkey

*Department of Histology and Embryology, School of Medicine, Manisa Celal Bayar University, Manisa, Turkey

Abstract

Objectives: Although industrial products used as agricultural pesticides are considered safe, they are likely to lead to chron-
ic problems due to their long-term effects. The neurotoxicity screening test (NST) is a method based on the inhibition of neu-
rite extension of neurons that do not not die with toxic effects. In this study, we aimed to investigate the moderate neuro-
toxic effects and reveal the potential dangers of agricultural pesticides in vitro using NST.

Methods: Cyantraniliprole, boscalid and spiromesifen were used as agricultural pesticides on the mouse neuroblastoma cell line
N2a. Neurite extension of neurons was performed by taking them into the proliferation medium followed by the differentiation
medium. Cell viability and proliferation were analyzed using the MTT test. The percentage of neurite inhibition was calculated
by measuring neurite outgrowth by NST. Oxidative stress was analyzed by NOS staining with h-score and apoptosis was shown
using the apoptotic index in TUNEL staining.

Results: Cyantraniliprole, boscalid and spiromesifen at high concentrations caused neurite inhibition, decreased proliferation and
reduced the viability of cultured neurons. These agricultural pesticides were found to be significantly moderate toxic for neurons
by increasing oxidative stress and apoptosis.

Conclusion: We conclude neurite inhibition may be important in early recognition for detecting and preventing the neuro-
toxic effect of pesticides, and NST is an important in vitro test that can predict the long-term effects of neurotoxic agents.
In the present study, we observed cyantraniliprole, boscalid and spiromesifen had moderate neurotoxic effects in varying
degrees using NST. This means that pesticides may behave toxic even in permissible limits for chronic exposure.

Keywords: agricultural pesticide; apoptosis; environmental toxicity; MTT, neurotoxicity screening test

Anatomy 2021;15(1):1-10 ©2021 Turkish Society of Anatomy and Clinical Anatomy (TSACA)

Introduction

Agricultural pesticides are neglected in terms of their
effect on environmental pollution due to their increasing
use and their being considered safe. Environmental pollu-
tion caused by agricultural pesticides at acceptable doses
does not seem to be a problem. However, in the long-term
use, their slow accumulation may lead to moderate neuro-
toxic effects that can be observed in the long term."” In the
present study, the moderate neurotoxic effects of agericul-
tural pesticides such as cyantraniliprole (CP), boscalid
(BC) and spiromesifen (SM) were investigated in vitro.

CP is a new second-generation ryanodine receptor
insecticide. Its pesticidal effect is through unregulated
activation of insect ryanodine receptor channels. This
effect causes internal calcium store depletion and disor-
ganized muscle contraction, paralysis and death of the
insect."” A previous study used inhalation 1C50 dose as
5.2 mg/lt for the rat."”

BO is a fungicide in agriculture and detected in both
environments and agricultural products. BO is thought to
be safe for neurotoxic effects. BO induced developmental
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defects related to oxidative stress with alteration of ATPase
activity in zebrafish embryos.” Moreover, BO also caused
disruption of motion and locomotor function in larval
fish.“” These results provide a warning for its residues in
environment and agricultural products. It was also shown
that BO was neurotoxic for primary cultured cortical neu-
rons at low level of exposure for several days at doses 0.1
and 100 pM for 7 days.” Moreover, another study showed
that BO was also toxic to human lymphocytes.”

SM is novel insecticide belonging to the chemical class
of tetronic and tetramic acid derivatives. It is very effective
on Bemisia tabaci around the world."” SM was toxic for
rat hepatocytes at 3 mg/kg.” However, there was no toxic
signs in acute, subchronic and chronic neurotoxicity in
rats. The long-term rat studies revealed no indications for
neurotoxic or immunotoxic potential of SM."!

The neurotoxicity screening test (NST) is a method
based on neurite prolongation after the application of dif-
ferentiation medium to neuronal cell line."” After they
acquire neuron characteristics, neurite prolongation inhi-
bition occurs in cells that do not die as a result of the direct
toxic effect. With the NST, products likely to have a mod-
erate neurotoxic effect in the long term are detected." "
While the direct neurotoxic effect leads to the occurrence
of decreased proliferation and necrosis, the moderate indi-
rect neurotoxic effect which takes a long time to act
induces apoptosis and neurite inhibition. Free radicals,
which increase oxidative stress due to toxic effects, and
intracellular signal communication are the mechanisms
used in the emergence of these findings."*'" In this study,
the moderate toxic effects of various agricultural pesticides
whose safety has been proven and toxic effects are mini-
mum were investigated with the NST.

N2a line neuronal cells are from mouse neuroblas-
toma."""”" These neuron-like cells have been used in
studies for neuronal differentiation, axonal growth, sig-
naling pathway and neurotoxicity." N2a cells express
neuronal characteristics with the presence of neurofila-
ments and large amounts of microtubular proteins after
differentiation. They differentiate to neurons through
serum deprivation with dibutyryl cyclic adenosine
monophosphate (dbcAMP) in culture medium."”

Safe agricultural pesticide may have some moderate
toxic effect such as neurite inhibition and apoptosis
before they die from toxic effect.”"” These signs are more
important in chronic use. Many studies show that they
have potential neurotoxicity due to chronic exposure to
low doses of pesticides. Most of these works used cell
culture model for chronic exposure to evaluate possible
environmental toxic compounds by alterations in the
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sensitivity of nerve cells to subsequent acute exposure.
N2a neuroblastoma cells in culture were grown in the
presence of various pesticides or herbicides for appropri-
ated time.” Extension of neurite-like structures was
measured by light microscopy and quantitative image
analysis at IC50 level."” It is possible to see their poten-
tial toxicity in chronic exposure by this method.™"""*"**"

Materials and Methods
Supplies and Chemicals

The mouse neuroblastoma (N2a) cells (cell line: 89121404)
were obtained [The European Collection of Authenticated
Cell Cultures (ECACC)]."” All the chemicals used in the
experiment were obtained from Sigma (St. Louis, MO,
USA). While the tissue culture flasks and culture plates were
obtained from Falcon / Fred Baker (Runcorn, Cheshire,
England), gentamicin was obtained from Ibrahim Etem (20
mg Genta® bulb, Ibrahim Etem, Istanbul, Turkey).”"”

Cell Culture

In all the experiments, different agricultural pesticides
were investigated in terms of their effects on the differen-
tated and undifferentiated culture cells. Pesticides were
dissolved in DSMO at final concentration for IC50 doses.
Differentiated and undifferentiated cells were incubated
with the pesticides for a further 24 hours. Neuroblastoma
cells in culture medium containing 5% fetal calf serum,
5% horse serum, 25 pg/mL gentamicin, 1% penicillin /
streptomycin solutions (10,000 U/10 mg), Glutamax-1
and high glucose Dulbecco Modified Eagle (DMEM)
were incubated at 37°C in a humid environment including

5% CO.."*

Cell Viability

To calculate the cell viability and growth, the MTT exper-
iment, reduction of 3- (4.5-dimethylthiazol-2-yl) - 2.5-
diphenyltetrazolium bromide to a purple formazan prod-
uct was used."” Three wells of the 96-well culture dish
were used for the evaluation of each pesticide concentra-
tion. Cell densities of 5 x 10"/mL prepared per well were
used. Pesticide-free cell medium (100 pL) was used as the
positive control, while cell and pesticide-free medium was
used as the negative control. Cells were previously treated
with the indicated concentrations for 24 and 48 hours.
During the last 4 hours of the culture period tested, cells
were incubated with the MTT at 37°C in a humidified
environment including 5% CO:. The medium was then
changed, by adding 200 pL of dimethyl sulfoxide (DMSO,
Sigma-Aldrich) to each well to dissolve the formazan salts.
Absorbance was determined at 570 nm in a UV-spec-



trophotometer multi-plate reader (Versa Max, Molecular
Device, Sunnyvale, CA, USA). P02

Cell Differentiation and Neurite Outgrowth

To measure neurite outgrowth, N2a cells were placed in
the proliferation medium in 24-well culture plates at a cell
density of 15,000 cells/mL. Twenty-four hours later, cells
were induced to differentiate and produce neurites in the
presence of pesticides using the following method."™" The
culture medium in each well was changed to the medium
containing no serum but 0.5 mM dibutyl cyclic AMP. To
measure neurite growth, pesticides at IC50 concentrations
were added. Cells were incubated for a further 24 hours.
Cells fixed with phosphate buffered saline (PBS) with 4%
(w/v) paraformaldehyde for 10 minutes were then stained
with Coomassie for 3 minutes.” Blue cell dye (0.6% [w/v]
Coomassie Brilliant Blue G, 10% [v/v] acetic acid, 10%
[v/v] methanol and 80% [v/v] PBS) was washed with the
PBS. Two blinded observers took the photographs of sam-
ples by using an Olympus BX-40 (Olympus, Tokyo, Japan)
light microscope with a video camera (JVC-TK-C 601,
Tokyo, Japan) for digital imaging. The analysis of the
images was performed using the Image-Pro Plus image
analyzer (5.1.259, Bioscience Technology, Bethesda, MD,
USA). Ten different areas with approximately 10 cells were
selected for pesticides and controls.” By automatically
measuring the total neurite length (in pixels) for cells in
each area, the results were expressed as the average neurite

length per cell. M1

Oxidative Stress

Cells were immunostained for e-NOS and i-NOS to eval-
uate levels of the oxidative stress. After application of OC at
IC50 dose, the cells were fixed in the 4% paraformaldehyde
for 30 min and washed in the PBS three times for 5 min
each. Permeabilization was performed using 0.1% Triton
X-100 (A4975; AppliChem, Darmstadt, Germany) at 4°C
for 15 min, and cells were washed with the PBS.
Endogenous peroxidase activity was inhibited using 3%
hydrogen peroxide for 5 min. Cells were washed with the
PBS and incubated with anti-eNOS rabbit polyclonal anti-
body (RB-1711-P1; Neomarkers, Fremont, CA, USA)
diluted 1:100 and anti-i-NOS rabbit polyclonal antibody
(RB-1605-P; Neomarkers) diluted 1:100 for 18 h at 4°C.
The cells were washed three times for 5 min each in the
PBS, treated with biotin-streptavidin hydrogen peroxidase
secondary antibody (Invitrogen-Histostain Plus Bulk Kit®,
85-9043; Invitrogen) for 30 min. After washing with PBS
three times for 5 min each, cells were incubated with
diaminobenzidine (DAB) (00-2020; Zymed, Burlingame
CA, USA) for 5 min for immunolabeling, then counter-
stained with Mayer’s haematoxylin (72804E; Microm,
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Walldorf, Germany). Cells were covered with mounting
medium (AMLO060; Scytek, Logan, UT; USA) and pho-
tographed using an Olympus light microscope (BX40;
"Tokyo, Japan). Control samples were processed identically
except that the primary antibody was omitted. The
immunostaining was repeated three times. The two blind-
ed observers scored the immunostaining as 0, no staining; 1,
weak staining; 2, moderate staining; 3, moderate-strong
staining; 4, strong staining; 5, very strong staining. The H-
score then was calculated using the following formula: H-
score = Pi intensity of staining + 1, where Pi is the percent-
age of stained cells for each intensity varying from 0 to
100%.""

TUNEL Assay

Terminal deoxynucleotidyl transferase-biotin nick end
labelling (TUNEL) using the DeadEnd TM Colorimetric
TUNEL system (Promega, Madison, W1, USA) was used
to detect apoptotic cells. After the application, the cells
were fixed in 4% paraformaldehyde for 30 min and rinsed
three times in the PBS for 5 min. Then the cells were incu-
bated with 20 pg/mL Proteinase K. for 10 min and washed
three times again in the PBS for 5 min. For endogenous
activity inhibition, the cells were treated with 3% hydro-
gen peroxide and rinsed in the PBS. Afterward, the cells
which were treated with the equilibration buffer for 5 min
incubated with Tdt-enzyme for 60 at 37°C than were pro-
ceeded with 2xSCC solution for 15 min and then washed
three times in the PBS for 5 min. The streptavidin perox-
idase procedure was performed for 45 min, after which the
cells were rinsed in the PBS and incubated with DAB;
Mayer’s haematoxylin was performed for counterstaining.
The cells were than rinsed in distilled water and mounted
in the mounting medium. TUNEL-positive staining was
evaluated by two blind observers, under Olympus BX40
light microscope. Apoptotic index was calculated as the
sum of the percentages of positively labelled cells. For
TUNEL staining, each section was counted for 100
TUNEL-positive cells from the randomly chosen fields.
Observers rated the percentage of apoptotic cells as 0: no
apoptosis, 1: 1%-10% apoptosis, 2:11%—25% apoptosis, 3:
26%-50% apoptosis, 4: 51%—75% apoptosis, and 5: more
than 75% apoptosis.””"”"*" The apoptotic index was count-
ed as the percentage of the apoptotic cells relative to the
total cell number.

Statistical Analysis

"The results were analysed using the GraphPad (GraphPad
Software, SanDiego, CA, USA) and one-way ANOVA with
Tukey post hoc testing and presented as mean+SEM.
Statistical significance was defined as p<0.05 or p=<0.001.”***"
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Results

N2a cells were taken into the culture medium and incu-
bated for 24 hours to proliferate. In the second 24 hours
after proliferation, N2a cells were taken to the differenti-
ation medium for neurite elongation. Neurite elongation
was shown using Coomassie staining (Figure 1). The
IC50 doses of the pesticides administered in the prolifer-
ation stage and determined by the M'TT were as follows:
38.44 pM for CP, 55.66 pM for BO and 8.12 uM for SM
(Figure 2a).

Neurite inhibitions of differentiated cells after the sec-
ond 24 hours of application were as follows: 78.94+6.48 %
for CP, 86.94+7.74% for BO, and 62.22+5.25% for SM
(Figure 2b). Compared to the controls, pesticides were
observed to have significant neurite inhibition as neurotox-
ic effects (p<0.05).

At IC50 doses, the iNOS and eNOS expressions of the
cells were determined to increase both in the proliferation
stage and in the neuritis inhibition stage after differentia-
tion (Figure 3). Moreover, H score levels which increased
significantly (p<0.05) due to oxidative stress. There was
significantly more toxic effect for SM compared to those
of BO (p<0.001) and CP (p<0.05) in eNOS h-score.
Similarly, SM was showed significantly (p<0.001) more
toxic effect for BO (p<0.01) and CP (p<0.05) in iNOS h-
score. Neurotoxic effect of BO and CP didn’t differ sig-
nificantly (Figure 4).

AtIC50 doses, it was observed in TUNNEL labeling of
cells that the apoptotic index increased both in the prolif-
eration stage and in the neurite inhibition stage after dif-
ferentiation (Figure 3). It was also observed that the apop-
totic index increased significantly (p<0.05) due to toxic

Figure 1. (a) N2a cells were taken into the culture medium and incubated for 24 hours to proliferate; (b, ¢) In the second 24 hours after prolifera-
tion, N2a cells were taken to the differentiation medium for neurite elongation; (d) There was neurite inhibition after application of pesticide.
Coomassie staining; x200.
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agents. SM caused more apoptosis than BO (p<0.01) and
CP (p<0.05) shown by TUNEL staining (Figure 4).

Due to the neurotoxic effect of the cells, when the
phase, light and electron microscope images were exam-
ined, decrease in cell volume, chromatin condensation,
cytoplasmic vacuoles and fragmentations were observed
as the signs of cell death. It was observed that the cells

a 100
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made cytoplasmic projections in the form of lamellipodia
(Figure 5).

Discussion

Widely used in agriculture, synthetic pesticides control
harmful pests and prevent crop yield losses and product
damage. These may have undesirable effects to health and

HBO MCP WSM

Viability (% of control)

0.1 1

10 100

Concentration (uM)

b 100

HBO HCP BSM

Neurite inhibition (% of control)

0.1 1

10 100

Concentration (uM)

Figure 2 (a) The IC50 doses of the pesticides administered in the proliferation stage and determined by MTT; (b) Neurite inhibitions of differentiat-

ed cells after the second 24 hours of application were determined by NST.
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environment, due to their high biological activity and, in
certain cases, long persistence in the nature.”
Environmental pollution caused by agricultural pesticides
and resulting health problems are not fully known. The

neurotoxic effect that agricultural pesticides can show in
adults can be much more serious and problematic in chil-
dren in the developmental period. This effect, called

developmental neurotoxicity, is thought to be much more

Figure 3. (a—f) At IC50 doses, the eNOS and iNOS expressions of the cells were shown by immunocytochemistry; x200.
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Figure 4. Oxidative stress was determined by h-score and apoptosis was determined by apoptotic index for the effect of the pesticide.

severe and irreversible. This is important in terms of
developing diagnostic tests to investigate and prevent
environmental pollution-related public health problems.
Classical toxicity methods performed for this purpose are
important for acute and effective toxicity. However, meth-
ods that can be used in terms of chronic toxicity are not
many and one of them is neurite inhibition. In this
method, due to the inhibition of the neuron's classical
elongation ability, a moderate toxic effect is detected when
the cell is alive. The onset of degeneration of the neuron
exposed to toxic effect occurs with the disruption of the
synapse and the loss of the tropic factor support. If toxic
effect develops slowly, neurite prolongation is inhibited.
This condition is associated with microtubules and neuro-
filament proteins. To demonstrate this moderate neuro-
toxic effect for agricultural pesticides, we used MTT for
proliferation and cell survival, immunohistochemistry for
oxidative stress and TUNEL for apoptosis. We showed
that the moderate neurotoxicity had a proliferative effect
as the M'T'T value decreased, and an oxidative stress effect
as the h-score of NOS increased and that it was associat-
ed with TUNEL labeling through apoptosis.

The increasing use of agricultural industrial products
poses a significant threat to environmental pollution.
Despite all the rules and measures taken according to
European data, hundreds of pesticides are still widely used.
The dose of pesticides in one out of every twenty food

items is more than the accepted level. Pesticides adversely
affect children’s development and in urine analysis, this
toxic effect has been shown to be at varying degrees.
Pesticides’ contribution to environmental pollution is seen
by detecting their presence in rivers, groundwater, soil, air,
plants, and human and animal tissues proves pesticides’
contribution to environmental pollution. Despite all the
precautions taken, their toxic effects are observed, and the

Figure 5. SEM images from proliferation, differentiation, neurite exten-
sion and apoptosis. There was decrease in cell volume, chromatin con-
densation, cytoplasmic vacuoles and fragmentations were observed as
the signs of cell death.

Anatomy e Volume 15 / Issue 1/ April 2021



8 Karakayali EM et al.

brain and neurons are the most critical organs among pos-
sible target organs.” Therefore, different agricultural
product that we were investigated for moderate toxicity
from environmental pollution could be very important to

human health.

It is more meaningful to reveal their possible effects in
the culture environment due to the difficulties in conduct-
ing in vivo studies, and ethical concerns. While exposure
lasting =90 days is considered chronic in iz vive toxicity, its
equivalent in the culture medium is the cell’s undergoing
neurite inhibition before it dies, which can be demonstrat-
ed with a three-day culture study."” In a study conducted to
investigate developmental neurotoxicity, it was found that
neurite elongation was inhibited in PCI2 cell line at non-
toxic concentrations of a pesticide species. Dithiocarbonate
fungicides were found to cause copper-dependent oxidative
stress and neurotoxic effect with ROS production due to
mitochondrial dysfunction. In addition, glutamate was
thought to lead to a neurotoxic effect by affecting vesicular
transport. It has been shown that apoptotic cell death due
to toxic effect occurs due to intracellular calcium. It was
also found that peripheral neuropathy and parkinsonism-
like extrapyramidal effects occurred in toxicity-induced
chronic exposure.””’ In the neuron degenerated by toxic
factors such as fungal pesticides, disrupton of synapse,
affection of perineurium, and decrease in trophic factors
occur. The extent of the damage is related to the severity,
time and continuity of the toxic agent. Neurotoxic effect
occurs rapidly or slowly and affects the cell at different lev-
els. Inhibition of neurite elongation is seen with a slow pro-
gressing moderate neurotoxic effect, and it occurs by the
impairment of axonal transport. It is thought that the neu-
rotoxic effect due to agricultural antifungal pesticides
occurs in a similar way in our experiments. In a study in
which the neurotoxic effects of agricultural pesticides were
investigated in the culture environment, it was shown that
they had a moderate neurotoxic effect related to dose and
duration, consistent with our culture results.

It was determined that mitochondrial respiration com-
plex and similarly the electron carrier ubiquinone or coen-
zyme QQ were among the mechanisms used. Decreased
ATP production and mitochondrial membrane depolariza-
tion were shown to cause cell death via increased cytosolic
calcium. It was found that the different action mechanism
shown in this way in cortical neurons cultured with new
fungicides exerts a neurotoxic effect in relation to calcium
channels. It was thought that calcium channel blockers
would have a neuroprotective effect in this sense. Half of
the cells were found to be viable despite the extended expo-
sure times. In a comparison, that neurons were exposed to
toxic effect in less concentrations than were lymphocytes
indicated the importance of the nervous system in terms of

Anatomy e Volume 15 / Issue 1 7 April 2021

health problems. It was observed that the delayed neuro-
toxic effect seen especially in organophosphates occurs
clinically, similar to its occurrence as in the culture medi-
um.”” In many cases, this condition results with neuropa-
thy. Excitotoxicity and neuroinflammation are seen in alco-
hol-induced neurotoxic effect and are associated with
proinflammatory cytokines. It was understood that oxida-
tive stress and apoptosis mechanisms were used in the mod-
erate neurotoxic effect that occurred here.” Similar mech-
anisms were determined in the neurotoxic effect of gluta-
mate. It has been reported that the neuroprotective effect
of many different pesticides occurs through caspase 3 inhi-
bition, and that neural damage due to decreased apoptosis
is regressed. There are studies indicating that antioxidant-
effective drugs similarly reduce neuron damage with calci-
um dependent mechanisms and that this situation is
observed in the clinic situation.”"” Similar to these experi-
ments, we found apoptosis in our neurons due to agricul-
tural products which may related to calcium metabolism.

There are studies investigating the responses of differ-
entiated and undifferentiated cells in neuronal cell lines to
demonstrate the neurotoxic effect. The response seen in
differentiated cells against the neurotoxic effect shown by
MTT, which is caused by the proliferation of undifferenti-
ated cells, may be a different mechanism demonstrated by
morphological and enzymatic methods. In a study, the neu-
rotoxic effect for cylindrospermopsin was observed with
changes in the form of acetylcholine esterase and apoptosis.
The increase in oxidative stress causing apoptosis has been
shown to be associated with changes in acetylcholine
esterase activity. In addition, the authors thought that the
clinical response of the iz vitro neurotoxicity was related to
the transition of the toxic agent to the blood-brain barri-
er.”** The neurotoxic effect of agricultural products on the
factors other than the target is important. The toxic effect
of imidacloprid used to protect wheat on worms and the
related environmental pollution has been shown in many
studies.””” These studies indicated that apoptotic neurons
due to agricultural products depend on acetylcholine
esterase related alterations.

In earlier studies, it was shown that the morphology of
cell size, shape and neurite lengths might change by sub-
strate type and microscope. It was clear after proper stain-
ing, that the thin cell processes extending on the tissue cul-
ture surface showed classical neuronal behavior. We
observed that the overall cell shape evolved to the direction
of neurons, with several narrow extensions and cytosol
appears more evenly extending all around its edges.
Therefore, neuron-like cells kept their characteristics
under tSEM examination. The cell adhesion and number
of cells were sufficient to examine the ultrastructure of the

[11,26]
neurons.



Conclusion

Neurite inhibition may be important in early recognition
for detecting and preventing the neurotoxic effect of pes-
ticides. NST is an important iz vitro test that can predict
the long-term effects of neurotoxic agents. In the present
study, antifungals used as pesticides were shown to have
moderate neurotoxic effects in varying degrees. This
means that pesticides may behave toxic in permitted limits
for chronic exposure. In further studies, it will be possible
to demonstrate other neurotoxic factors and to test antiox-
idant and antiapoptotic neuroprotective agents that can
reduce neural damage. Thus, the potential of using neuro-
protective agents in the clinic will increase the quality of
life of patients.
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In silico transcriptomic analysis of ascending
colon cancer unearths known and novel genes
and gene sets regard to characteristic features
of colon cancer

Can Tiirk

Department of Medical Microbiology, Faculty of Medicine, Lokman Hekim University, Ankara, Turkey

Abstract

Objectives: Colon cancer emerges as a serious health problem in both men and women. Cancers in the colon have differ-
ent genotypes and phenotypes according to the anatomical region. Tumors in ascending colon are usually diagnosed later,
but it is more malignant than the descending and transverse colon, and the survival rates of patients are lower than other
regions. The purpose of this study was to determine significantly high or low expressed genes in the ascending colon tumors
by comparing all genome information obtained from cancer samples of ascending, transverse and descending colon. In con-
cordance with all this information, another aim of the study was to identify the pathways to which the genes obtained from
the colon in the large intestine and to determine their relationship with each other and to correlate them with the charac-
teristics of cancer.

Methods: Gene expression values for three subtypes of colon cancer as ascending, transverse, and descending were obtained
from GEO (Gene Expression Omnibus) (GSE41258). Data included a total of 47 ascending, 18 transverse and 31 descending
colon cancer patient samples. Linear regression analysis was performed to determine differentially expressed genes. Gene Cluster
3.0 was used in order to cluster the genes hierarchically. In addition to linear regression and hierarchical clustering, network
analysis with multivariable genes was performed in Cytoscape application 3.8.2 using GeneMANIA. GSEA 4.1.0 (Gene Set
Enrichment Analysis) was performed to understand the different genes among the specified groups.

Results: As a result of these analyses, it was determined that there were 85 genes with high expression and 139 genes with
low expression in the ascending colon tumor samples. It has been shown that these genes can differentiate tumor samples in
the ascending colon better than tumor samples in other colon regions.

Conclusion: Our findings are important for understanding the genome of ascending colon tumors; if these findings are con-
firmed in vitro and clinically, it may have potential to be revealed that the identified genes also have biomarker properties
for tumors in the ascending colon.

Keywords: ascending colon; descending colon; transcriptomic analysis; transverse colon
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that the formation of colon cancer occurs through a
complex mechanism influenced by many factors. Genetic

Introduction

The large intestine is approximately 1.5-2 meters long

and consists of caecum, colons and rectum. The rectum
is the last part before the anus and this part is also known
as the area where feces is stored. On the other hand, the
colon, forms the large part of the large intestine. Colon
cancers basically occur as a result of an abnormality in
this part. Studies carried out at the molecular level show

factors trigger the formation of colon cancer cells as well
as the effects of lifestyle factors such as smoking and eat-
ing habits. Studies show that mainly CIMP (CpG island
methylator phenotype), MSI (microsatellite instability),
and additionally, CIN (chromosomal instability) mecha-

. . (141
nisms play a role in cancer development.
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It has been shown that approximately 20% to 30% of
patients with colon cancer have abnormalities in the
CIMP pathway. Hypermethylaton in the promoter
sequences of the cell plays an essential role in the pattern
of gene expression. Basically, CpG dinucleotide
sequences are known to locate in this promoter region.
The trigger for colon cancer cells is that sequences are
not hypermethylated properly. In addition, this impreci-
sion also affects critical cell mechanisms such as apopto-
sis, invasion, angiogenesis, cell cycle regulation, DNA
adhesion and repair."”

According to statistical studies, MSI is responsible for
15% of colon cancers. MSI occurs due to DNA incom-
patibility, is involved in the process of DNA replication,
mutations in some genes involved in the mechanism.
These mutations generally inactivate the functions of
genes. It plays an essential role in the protein synthesis of
MMR genes. These proteins cause a decrease in poly-
merase function for to recognize and correct these
defects, resulting in anomalies occurring on the
microsatellite during replication. Mutations that arise
because of the function of the recovery system accumu-
late and trigger formation of colon cancer cells." ™"

Colon cancer is a common type of cancer among gas-
trointestinal cancers worldwide. The prevalence of colon
cancer varies depending on age. Le., while it is 1.6% in
the 50-60 age group, it is known that this rate increases
up to 3% over the age of 70. In addition, studies show
that the incidence of colon cancer may vary depending
on gender. It has been shown that the incidence rate in
women is higher than in men.”"

Considering the mechanism of colon cancer, the
importance can be seen more clearly. Basically; CIN,
MSI, and CIMP play critical roles on colon cancer.
Abnormalities caused by these mechanisms increase
mutagenic activity in tumor suppressors and oncogenes.
Critically, these mutations lead to an increase in the
number of cancer stem cells, which play an important
role in the onset of tumor formation. In addition, the
acceleration of mutation accumulation also accelerates
the epigenetic change of cells.""™"

Importantly, the characteristics and effects of colon
cancer may vary according to anatomical regions. It con-
sists of three main anatomical parts, respectively, ascend-
ing colon, transverse colon and descending colon.
Generally, about 45% of colon cancer is located in the
left colon region. However, in recent years, studies have
showed that right colon (cecum and ascending colon)
cancers have reached the rate of up to 25% and the rea-
sons for this increase include the increase of the popula-
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tion over the age of 65 and the different colon segments
in terms of embryonic development. There are studies
showing that comorbid conditions that increase with age
and excessive fatty diet may increase right colon cancer,
and excessive protein diet may increase left colon cancer.
In addition, among the reasons for the decrease in the
occurrence of left colon cancers, more effective use of
screening programs and removal of existing polyps at an
early stage may be effective.""™

Studies have shown that cancer consisting of different
parts of the colon has different characteristics. In gener-
al, tumors occurring in the right region are more malig-
nant and the survival rate of patients is lower. However,
the effective functionality of the lymph nodes can
improve this survival rate."” Another study shows that
patients with colon cancer in the right region do not
respond well to chemotherapy treatment. However, the
same study states that immunotherapy treatment may be
a better option. The main reason for this is the high level
of antigenic load of tumor cells formed in these regions.

As supported, separately evaluating the formation
and effect of tumors occurring in different types and
regions plays a critical role for the treatment to be deter-
mined."” In this study, the genes responsible for the
characteristics of the cancers that occur in the ascending
section and having different expression values compared
to the cancer in other colon regions and the pathways in
which these genes are involved were determined by in sil-
ico analysis.

Materials and Methods
Data Collection and Normalization

Gene expression values for three subtypes of colon cancer as
ascending, transverse, and descending, respectively, were
obtained from (Gene Expression Omnibus) (GSE41258,
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE
41258.""

GSE41258 data includes a total of 47 ascending, 18
transverse and 31 descending colon cancer patient samples.
In the data gene expressions profiled by array-based. Sample
codes and anatomic locations used within this data are
shown in Appendix 1. The obtained raw data were normal-
ized by RMA (Robust Multi-Array) normalization algo-
rithm in R 3.6.1."

Linear Regression Analysis

Linear regression analysis was performed to determine dif-
ferentially expressed genes. Student’s t-test (p-value) was
calculated among the ascending, and transverse and
ascending, and descending groups, and as a result of this
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analysis, genes with p<0.05 were selected. The analysis
continued with the genes expressing these genes signifi-
cantly in both groups.

Hierarchical Clustering

Gene Cluster 3.0 application” was applied in order to

cluster the determined statistically significant genes hier-
archically. This clustering is based on Euclidean distance
with a similarity metric limit for both genes and sequences,
as well as the full link aggregation method. This method-
ology supports differentiating and distinguishing statisti-
cally highly variable genes.

Network and Pathway Analysis

In addition to linear regression and hierarchical clustering,
network analysis with multivariable genes was performed
in Cytoscape application 3.8.2*" using GeneMANIA.""
This app helps to better understand the correlation of sta-
tistically significant and highly variable genes by showing
genetic interaction and their co-expression. Cytoscape also
allows to illuminate the link between identified genes and
even with each other.

In addition, the online DAVID: Bioinformatics
Resources Tool was used to understand the respective
pathways of these genes.”*”” This tool allows to show the
proper pathway linked to these genes.

Gene Set Enrichment Analysis (GSEA)

GSEA 4.1.0 (Gene set enrichment analysis) was performed
to understand the different genes among the specified
groups.” In this study, gene set enrichment analysis was
performed among the ascending colon cancer patient
groups and transverse colon cancer patient groups, ascend-
ing colon cancer patient groups and decreasing colon can-
cer patient groups. GSEA was performed by gene expres-
sion of GSE41258 data. As a result of gene set enrichment
analysis, the enriched pathways and the most important
and associated genes are determined by comparing the
ascending and transverse and ascending and descending
groups and their gene expression levels.

Results

After the normalization process of the data obtained was
completed, the analyzes were continued with a total of
13,432 genes (21,225 Probe Sets). Ascending tumor sam-
ples were compared with transverse and descending tumor
samples. When the genes belonging to ascending and
transverse colon cancer were encountered, it was deter-
mined that a total of 1035 genes were expressed different-
ly. This number was determined as 1531 when the

ASC vs transverse

Asc vs descending

Figure 1. Linear regression analysis between the ascending (Asc) and
transverse and Asc and descending groups showed expression of 224
common and statistically significant genes in both groups.

increasing and decreasing subgroups were compared. 224
genes were found in common in these two groups (Figure
1). Appendix 2 includes t-test p-values (p<0.05), which
expressed statistically significant.

Then, upregulated genes in the ascending cohort and
downregulated in the transverse and descending cohorts,
and vice versa, were identified. ILe., while MLH3 and APC
genes have a higher expression value when compared to
other subgroups (Figure 2a), and BAX and PMS?2 genes
are expressed lower (Figure 2b). The statistically signifi-
cant genes cluster colon cancer subtypes (ascending, trans-
verse and descending) in a hierarchical manner are shown
in Figure 3.

Network analysis was performed to understand the net-
work link between these 50 genes that are upregulated in
ascending colon cancer and down-regulated in transverse
and descending colon cancer, and vice versa. The connect-
ing line between genes illuminates the network of these
genes. The thickness of the binding line determines the
binding strength of the respective genes. The thickest lines
show that it has been determined that the connection
between these genes has been determined by studying
more precisely. In addition, the black nodes indicate the
target genes given by the authors. On the other hand, gray
nodes show genes associated with genes determined by
GeneMANIA application in Cytoscape. The co-expression
of genes is shown in Figure 4a and the genetic interaction
between these genes is shown in Figure 4b. The genes that
are available in the Online Mendelian Inheritance in Man
(OMIM) database in the DAVID application and are sta-
tistically significantly up or down regulated in the ascend-
ing colon tumor subtype are shown in Table 1.
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Figure 2. (a) Expression profile of the MLH3, APC, BAX and PMS2 genes. (a) MHL3 and APC significantly upregulated in ascending colon cancer
compared to transverse and descending colon cancers; (b) BAX and PMS2 genes significantly down-regulated in ascending colon cancer compared
to transverse and descending colon cancers. Numbers near the genes are Probe Set IDs; (Probe Set ID: The identifier that refers to a set of probe
pairs selected to represent expressed sequences on an array).

As a result of GSEA, it was determined that a total of 11
gene sets were enriched in the ascending tumor type, while 6
gene sets were not enriched in the same group (Appendix 3).

Among these SPLICEOSOMAL_SNRNP_ASSEMBLY
and TRANSITION_METAL_ION_HOMEOSTASIS

contain the most gene sets. Therefore, they can be consid-

Table 1

The major 4 genes that are determined from OMIM database in the DAVID program and the diseases associated with these genes.

Gene symbols

OMIM disease

APC, WNT signaling pathway requlator (APC)

Colorectal cancer, somatic, Hepatoblastoma, somatic, Desmoid disease, hereditary, Adenomatous
polyposis coli, Brain tumor-polyposis syndrome 2, Gardner syndrome, Gastric cancer, somatic,
Adenoma, periampullary, somatic

BCL2 associated X, apoptosis requlator (BAX)

Colorectal cancer, somatic, T-cell acute lymphoblastic leukemia, somatic

PMS1 homolog 2, mismatch repair system component (PMS2)

Mismatch repair cancer syndrome, Colorectal cancer, hereditary nonpolyposis, type 4

mutL homolog 3 (MLH3)

Colorectal cancer, somatic, Endometrial cancer, susceptibility to, Colorectal cancer, hereditary
nonpolyposis, type 7
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ered to have a more important roles. SPLICEOSOMAL_

SNRNP_ASSEMBLY is enriched in ascending colon
tumor (Figure 5a), while the TRANSITION_METAL _
ION_ HOMEOSTASIS gene set is enriched in transverse
and descending colon cancer (Figure 5b).

Discussion

Studies have intensified in the early 2000s to reveal the
molecular differences of tumors in the right and left colon
regions. In a comprehensive study by Guinney et al.””’ 4
subgroups with different biological behavior were identi-
fied, taking into account the many expression sequences
belonging to both regions of the colon.

In the present study, high or low expressed genes were
detected in tumors belonging to the ascending region
compared to other colon tumors. The network between
these genes as well as the pathways were determined.
Accordingly, 4 genes with statistically different expression
values in the ascending colon cancer samples are associat-
ed with colon cancer based on the OMIM database. These
genes are APC (Adenomatous polyposis coli), BAX, PMS2
and MLH3.

APC gene is one of the most critical genes that affect
colon cancer formation. The APC gene is used as a nega-
tive regulator for the Wnt signaling pathway involved in
colon cancer development. It also takes part in phosphory-
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Figure 3. Hierarchical clustering of 224 statistically significant genes
between groups. Genes highlighted in green represent genes with low
expression, while red colored groups represent high expression.

lation occurring in cells. Studies show that the APC gene
increases the expression of the MMP9 gene using the JNK
signaling pathway. Importantly, this indicates that the
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Figure 4. Representation of the co-expression and interactions of 100 genes. (a) statistically significant co-expression of 100 genes both among
themselves and between other genes; (b) Representation of the genetic interactions of 100 genes that have statistically significant expression, both

among themselves and between other genes.
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Figure 5. The graph and heat map of the SPLICEOSOMAL_SNRNP_ASSEMBLY and TRANSITION_METAL_ION_HOMEOSTASIS pathways. (a)
SPLICEOSOMAL_SNRNP_ASSEMBLY enriched as a result of GSEA in ascending colon cancer. (b) TRANSITION_METAL_ION_HOMEQOSTASIS

enriched as a result of GSEA in transverse and descending colon cancer.

change in gene expression pattern is critical for the devel-
opment of colorectal tumor cells. In other words, muta-
tions in the APC gene play a role in the course of sporadic
colorectal cancers, indicating that this gene is not only
responsible for familial adenomatous polyposis (FAP). As a
result of the researches, colorectal tumor formation occurs
with the gradual occurrence of histological changes trig-
gered by genetic changes and “adenoma-carcinoma”
sequence as a result of mutation from tumor suppressor or
oncogenic genes. These changes are known to occur as a
result of loss of function resulting from mutation in the
APC gene. In order to inactivate the critical function of the
APC gene and trigger the formation of cancer cells, genet-
ic instability and clonal expansion must basically occur.
Because, these two changes can enable the activation of
genes that support malignant transformation and tumor
progression.”*"

In parallel with the results we obtained, Du et al.””

showed that high expression of the APC gene is associated
with poor prognosis in gastritis cancer. In our results, we
determined that this gene has a higher expression in the
ascending colon samples. This may be one of the reasons
why colon cancers occurring in the right region have a
worse prognosis than the left side.

In another study, it was shown that the APC gene is
associated with a poor prognosis in microsatellite-stable
proximal colon cancer supports the findings we obtained.™”

Our results show that the BAX gene has significantly
less expression in colon tumors. Basically, BAX protein is
known to promote cell death. Thus, it can inactivate the
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expression of cancer cells. Studies on the importance of the
BAX gene have shown that mutations in the BAX gene
reduce the apoptotic index of colorectal cancer cells. It has
been determined that this situation is seen in 50% of col-
orectal cancer cases. In addition, in similar studies, high
expression of the BAX gene shows that it can be a good
prognostic marker for colon cancer patients, except for the
ascending colon.”"*

One of the four basic sensitivity genes in Lynch syn-
drome (LS), the most common cancer syndrome in the
world, is the PMSI Homologous 2, Mismatch Repair
System Component (PMS2) gene. However, unfortu-
nately it is not known whether the decrease in the gene
expression value of the PMS2 gene has an effect on the
repair mechanism and, critically, how this effect may
occur.

The study by Kasela et al."*" shows that MMR activity is
significantly reduced in cells in which the PMS2 gene is
knocked out. These findings suggest that low expression of
the PMS2 gene in colon tumors that rise in parallel with the
findings we obtained as a result of our analysis causes a
decrease in DNA mismatch repair (MMR), leading to poor
prognosis of the colon.

Another gene that we found to have higher expression
in the colon cancer samples compared to other types of
colon cancer is the MLH3 gene. Although many studies
show that descending colon cancer cases have a better sur-
vival rate, it is known that colon tumors in the right region
have a worse prognosis than the left."** Although not sta-
tistically significant, a study by Zhao et al."” on ovarian can-
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cer showed that higher expression of the MLH3 gene is
associated with lower survival. In addition, MLH3 (MutL
homolog 3), MSH2 (MutS homolog 2) and MSH3 (MutS
homolog 3) genes are also known to be frequently seen in
colorectal cancer. These genes have also been identified as
potential genetic markers for personalized therapy, show-
ing that they are associated with chemo-resistance.

As a result of GSE analysis, important gene sets associ-
ated with colorectal cancer progression and metastasis were
determined. The enrichment of spliceosomal snRNP
assembly gene sets in the ascending colon suggests that
spliceostatin A, which has the capacity to target pladieno-
lide compounds and spliceosome of these types of colon
cancers, may be anticancer potential drugs.”” Based on the
fundamental role of DNA methylation in colon cancer
development, the application of DNMT inhibitors for the
treatment of colon cancer patients, especially patients with
DNA hypermethylation, is recommended as a result of
studies.”

Our results showed that the gene sets of Methyl trans-
ferase activity are enriched in ascending colon tumors. This
suggests that such agents may be more effective in the
treatment of this type of colon cancer subgroups especially.
On the other hand, our analysis showed that Transition
metal ion homeostasis gene sets enriched in other colon
types except for ascending colon tumors. This suggests the
use of drugs that target transition metal homeostasis such
as ferristatin II, clioquinol, and omeprazole in colon can-
cers other than ascending colon cancers.”

In addition to the characteristic features of tumors that
occur in different parts of the colon, many studies have
shown that their response to treatment can be very differ-
ent. In this study, differently expressed genes and pathways
were determined by comparing the whole genome profiles
of tumors in different regions of the colon. A better under-
standing of the biology of the tumor allows more effective
treatment. This may provide more effective treatment
choices in the future. Importantly, it is crucial to validate
the results of this study iz vitro and clinically.
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Sample code

Gene biomarker discovery for colon cancer by in silico approach

Anatomic location

Appendix 1
Sample codes and anatomic locations of colon cancer patients.

Sample code

Anatomic location

19

GSM1012286_00620AR1

Ascending colon

GSM1012591_C0194AR1

Ascending colon

GSM1012308_02500AR1

Ascending colon

GSM1012592_C0194HR1

Ascending colon

GSM1012320_03283AR1

Ascending colon

GSM1012627_C0323AR1

Ascending colon

GSM1012326_03519AR2

Ascending colon

GSM1012628_C0323H

Ascending colon

GSM1012327_03519HR2

Ascending colon

GSM1012631_C0330AR3

Ascending colon

GSM1012350_04276AR2

Ascending colon

GSM1012634_C0334AR3

Ascending colon

GSM1012351_04276HR2

Ascending colon

GSM1012645_C0487AR3

Ascending colon

GSM1012358_04800AR4

Ascending colon

GSM1012646_c0487hr3

Ascending colon

GSM1012359_04800hr4

Ascending colon

GSM1012307_02308AR1

Descending colon

GSM1012361_05025AR4

Ascending colon

GSM1012325_03465AR3

Descending colon

GSM1012366_05629AR4

Ascending colon

GSM1012336_03706AR2

Descending colon

GSM1012368_05786AR2

Ascending colon

GSM1012337_03706HR2

Descending colon

GSM1012369_05786hr3

Ascending colon

GSM1012346_04176AR2

Descending colon

GSM1012371_05885AR2

Ascending colon

GSM1012347_04176HR3

Descending colon

GSM1012384_06840AR2

Ascending colon

GSM1012374_06220AR2

Descending colon

GSM1012399_08018AR2

Ascending colon

GSM1012381_06706AR2

Descending colon

GSM1012416_09468AR2

Ascending colon

GSM1012385_06997AR3

Descending colon

GSM1012423_10194AR2

Ascending colon

GSM1012389_07427AR2

Descending colon

GSM1012426_10264AR3

Ascending colon

GSM1012408_09054AR2

Descending colon

GSM1012447_14475AR3

Ascending colon

GSM1012421_09811AR2

Descending colon

GSM1012461_A1516AR4

Ascending colon

GSM1012429_10630AR3

Descending colon

GSM1012463_A1716AR4

Ascending colon

GSM1012445_13321AR3

Descending colon

GSM1012468_A2367AR4

Ascending colon

GSM1012446_13357AR3

Descending colon

GSM1012494_A5135AR2

Ascending colon

GSM1012456_A0702AR4

Descending colon

GSM1012495_A5135AR2

ez

Ascending colon

GSM1012469_A2434AR3

Descending colon

GSM1012496_A5135DR2

Ascending colon

GSM1012474_A3536AR4

Descending colon

GSM1012499_A5320AR3

Ascending colon

GSM1012478_A4248AR4

Descending colon

GSM1012539_C0123AR3

Ascending colon

GSM1012544_C0128AR3

Descending colon

GSM1012540_C0123HR1

Ascending colon

GSM1012545_C0128BR1

Descending colon

GSM1012547_C0134AR1

Ascending colon

GSM1012565_C0151AR1

Descending colon

GSM1012548_C0134HR1

Ascending colon

GSM1012577_C0O168AR3

Descending colon

GSM1012549_C0136AR1

Ascending colon

GSM1012580_C0172AR1

Descending colon

GSM1012550_C0136HR1

Ascending colon

GSM1012581_C0172HR1

Descending colon

GSM1012551_C0136KR1

Ascending colon

GSM1012595_C0200AR3

Descending colon

GSM1012552_C0136UR1

Ascending colon

GSM1012603_C02308H

Descending colon

GSM1012572_C0157AR1

Ascending colon

GSM1012615_C0273A

Descending colon

GSM1012573_C0157H

Ascending colon

GSM1012617_C0283AR3

Descending colon

GSM1012589_C0193AR1

Ascending colon

GSM1012629_C0329AR1

Descending colon

GSM1012590_C0O193HR1

Ascending colon

GSM1012630_C0329HR1

Descending colon
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Sample code

Appendix 1 [Continued]

Anatomic location

Sample codes and anatomic locations of colon cancer patients.

Sample code

Anatomic location

GSM1012297_00990AR1

Sigmoid colon

GSM1012561_C0147AR1

Sigmoid colon

GSM1012303_02184AR2

Sigmoid colon

GSM1012562_C0147AR3

Sigmoid colon

GSM1012304_02184HR2

Sigmoid colon

GSM1012563_C0147HR1

Sigmoid colon

GSM1012310_02679AR1

Sigmoid colon

GSM1012569_C0154AR1

Sigmoid colon

GSM1012311_02679BR1

Sigmoid colon

GSM1012576_C0159AR3

Sigmoid colon

GSM1012314_02815AR1

Sigmoid colon

GSM1012578_C0170AR1

Sigmoid colon

GSM1012315_02815HR1

Sigmoid colon

GSM1012579_C0171AR1

Sigmoid colon

GSM1012317_03023AR1

Sigmoid colon

GSM1012584_C0O180AR1

Sigmoid colon

GSM1012318_03023HR1

Sigmoid colon

GSM1012585_C0180HR1

Sigmoid colon

GSM1012319_03156AR1

Sigmoid colon

GSM1012586_C0181AR3

Sigmoid colon

GSM1012354_04494AR4

Sigmoid colon

GSM1012587_C0186AR3

Sigmoid colon

GSM1012355_04494HR4

Sigmoid colon

GSM1012588_C0192A

Sigmoid colon

GSM1012367_05708AR2

Sigmoid colon

GSM1012593_C0198AR1

Sigmoid colon

GSM1012375_06265AR2

Sigmoid colon

GSM1012594_C0198HR1

Sigmoid colon

GSM1012379_06657AR2

Sigmoid colon

GSM1012611_C0257AR3

Sigmoid colon

GSM1012380_06657HR3

Sigmoid colon

GSM1012618_C0285AR1

Sigmoid colon

GSM1012386_07061AR2

Sigmoid colon

GSM1012619_C0295AR3

Sigmoid colon

GSM1012387_07145AR2

Sigmoid colon

GSM1012620_C0297AR1

Sigmoid colon

GSM1012397_07930AR2

Sigmoid colon

GSM1012621_C0297HR1

Sigmoid colon

GSM1012401_08061AR2

Sigmoid colon

GSM1012624_C0312AR3

Sigmoid colon

GSM1012405_08168AR2

Sigmoid colon

GSM1012625_C03156H

Sigmoid colon

GSM1012407_08792AR2

Sigmoid colon

GSM1012316_02832AR1

Transverse colon

GSM1012409_09077AR2

Sigmoid colon

GSM1012328_03531AR2

Transverse colon

GSM1012411_09297AR2

Sigmoid colon

GSM1012334_03657AR2

Transverse colon

GSM1012413_09394AR2

Sigmoid colon

GSM1012335_03657HR2

Transverse colon

GSM1012424_10216AR3

Sigmoid colon

GSM1012344_03862AR2

Transverse colon

GSM1012428_10512AR3

Sigmoid colon

GSM1012345_03862HR2

Transverse colon

GSM1012439_12292AR3

Sigmoid colon

GSM1012352_04388AR2

Transverse colon

GSM1012442_12847AR3

Sigmoid colon

GSM1012364_05424AR4

Transverse colon

GSM1012462_A1644AR4

Sigmoid colon

GSM1012392_07632AR2

Transverse colon

GSM1012492_A4947AR4

Sigmoid colon

GSM1012393_07662AR2

Transverse colon

GSM1012502_A5627AR3

Sigmoid colon

GSM1012396_07925AR2

Transverse colon

GSM1012503_A5627BR3

Sigmoid colon

GSM1012410_09185AR2

Transverse colon

GSM1012526_C0101AR3

Sigmoid colon

GSM1012437_12237AR3

Transverse colon

GSM1012527_C0104AR3

Sigmoid colon

GSM1012467_A2226AR4

Transverse colon

GSM1012531_CO112AR1

Sigmoid colon

GSM1012507_A6141AR

Transverse colon

GSM1012535_C0115AR3

Sigmoid colon

GSM1012529_CO111AR1

Transverse colon

GSM1012541_C0124AR3

Sigmoid colon

GSM1012530_CO111HR1

Transverse colon

GSM1012553_C0137AR1

Sigmoid colon

GSM1012570_C0155AR3

Transverse colon

GSM1012554_C0137HR1

Sigmoid colon
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Appendix 2
T-test p-values which expressed statistically significant (p<0.05).

Probe set Gene symbol T-test of ascending vs transverse colon T-test of ascending vs descending colon
201888_s_at IL13RAT 0.00016271505536615 0.00521747486476386
205844 _at VNNT 0.000385136080291112 0.00776739644507052
47530_at C9orf156 0.00081241732984075 0.036588870056404 1
206122_at SOX15 0.000939632286890665 0.0319002678319461
212665_at TIPARP 0.00109740862530723 0.0149345738624881
210219_at SP100 0.00129941458167625 0.0294511216230853
216300_x_at RARA 0.00151063853838347 0.0208808293029783
209937_at TMA4SF4 0.00151545886589597 0.00353593901875218
213664_at SLC1AT 0.0015657003068625 0.00415570175875679
215427 _s_at ZCCHC14 0.00169179299291247 0.0129502331872678
210651_s_at EPHB2 0.00191836064222717 0.00348119288028227
213823_at HOXATT 0.00207814621070703 0.0121059077242761
214191 _at ICAT 0.00223163799888523 0.0268164312486215
205730_s_at ABLIM3 0.00237677641741103 0.0110983916886486
209320_at ADCY3 0.0024290420211383 0.0413257100128183
217415_at POLR2A 0.00269575520034894 0.0443829653243419
219021_at RNF121 0.00270128512746877 0.0241668884728377
204843_s_at PRKAR2A 0.00270329662456024 0.022956823964002
202459_s_at LPIN2 0.00296337853260737 0.0195009066395492
203139_at DAPK1 0.00298573846223663 0.00816942350979891
217165_x_at MT1F 0.00324876323465622 0.00396035427170252
218529_at CD320 0.00351895978865357 0.0180499499266918
210143_at ANXAT0 0.00361453883148403 0.0221704734694777
208559_at PDX1 0.00369666604226198 0.0122623122943415
221268_s_at SGPP1 0.00378110101356417 0.0102610200115258
202693_s_at STK17A 0.00384950815651231 0.00391428186084062
206330_s_at SHC3 0.00394389390077759 0.0245753599746245
209415_at FZR1 0.00402400242963556 0.0182118711074509
219508_at GCNT3 0.00422343917924779 0.047898599428003
217661_x_at SIX5 0.00425011261287881 0.0137974636654496
220220_at LRRC37A2 0.00439560705223552 0.00836802539554393
220017 _x_at CYP2C9 0.00444735128361806 0.00134303329341892
204326_x_at MTI1X 0.00519304170186292 0.00834774838935453
220631_at OSGEPL1 0.00526809783102296 0.00553805125320832
207245_at UGT2B17 0.00550011172873036 0.000207098444077029
211837_s_at PTCRA 0.0055415215807438 0.00671054670922654
208323_s_at ANXA13 0.00558331241550815 0.000689024383137067
211612_s_at IL13RA1 0.00567959161179234 0.00361028639239372
206396_at SLC1AT 0.00595593858849176 0.00220879457656152
215536_at HLA-DQB2 0.00630638948511806 0.0111442131330687
213629_x_at MTIF 0.00635435696241856 0.0060779585920024
218902_at NOTCH1 0.00657731256094427 0.0373357125780496
33304_at I1SG20 0.00679460592547953 0.0470076157248008
215741 _x_at AKAPSL 0.00680810240983979 0.0241477714028368
216671_x_at MUC8 0.00688053299616361 0.0383618636348532
204487_s_at KCNQ1 0.00695196777896742 0.0267287721809296
207392_x_at UGT2B15 0.00701467429678188 0.0000402790708368557
210126_at PSG9 0.00708607742512625 0.0125502556385473
206461 _x_at MTI1H 0.00740990648227567 0.00664244458624349
216025_x_at CYP2C9 0.0081014424105605 0.00278353975836334
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Appendix 2 [Continued]
T-test p-values which expressed statistically significant (p<0.05).

Probe set Gene symbol T-test of ascending vs transverse colon T-test of ascending vs descending colon
209150_s_at IPO4 0.00813333467021513 0.0291253365640916
208478_s_at BAX 0.00842647383645954 0.0180985713492701
208581_x_at MT1X 0.0084498408519362 0.0069586322696345
204745_x_at MT1G 0.00878185719233833 0.00825222817999293
205945_at IL6R 0.00903050180890933 0.0155618323765579
209938_at TADA2A 0.00945544955869718 0.00309026125623243
207484 _s_at EHMT2 0.00948494012139873 0.00219893832066608
217144 _at UBBP1 0.00958596978462974 0.0145424696521897
212349_at POFUTT 0.00973930667339722 0.000617553707937332
208141_s_at DOHH 0.00983615661677668 0.011910985340121
215481_s_at PEX5 0.0103438282376347 0.00804466303700721
219705_at QSER1 0.0104459036229018 0.00676393361084865
213017_at ABHD3 0.0105440609903702 0.00476599658264377
222048 _at CRYBB2P1 0.0108152465635539 0.0282968004426767
210267_at NIPAL3 0.0109010197875034 0.00856582555555673
214509_at HISTTH3I 0.0109945017669423 0.00339083291753431
211165_x_at EPHB2 0.0110917447081954 0.0447733383125438
200847_s_at SARAF 0.0121362657717354 0.0419230207567175
216336_x_at MTIE 0.0125092393886943 0.019407065285516
215090_x_at LOC440434 0.0127541655551143 0.0147145577512873
201269_s_at NUDCD3 0.0128524197409381 0.0446016814176866
212185_x_at MT2A 0.0130672353402319 0.00649540715033966
216661_x_at CYP2C9 0.0131555450446433 0.00263835552758308
220135_s_at SLC7A9 0.0132174575878814 0.0186779975671967
211217_s_at KCNQT 0.0133533618305394 0.0372855960451213
213235_at KNOP1 0.0134177122427596 0.0111546975489925
213084_x_at RPL23A 0.0135588704208067 0.0190007343585758
203178_at GATM 0.0139109285622442 0.0150692618903142
202840_at TAF15 0.0141517073353498 0.000826256415493992
206342_x_at IDS 0.0151931991872957 0.0495167710834829
214421 x_at CYP2C9 0.0152940141134296 0.0045228127940653
206340_at NR1H4 0.0154381593388525 0.00527264108358479
213880_at LGR5 0.0155320771240081 0.0258575028455203
218952 _at PCSKTN 0.0156360941687803 0.0490248292471147
207532_at CRYGD 0.0157250215466018 0.0015745823661968
203525_s_at APC 0.0160199606611479 0.00654979599151522
203011_at IMPAT 0.0161134843221806 0.0212973706856163
212859 _x_at MTIE 0.0162127222474829 0.0344523189650514
217540_at NXPE3 0.0162353616457161 0.0287143614578353
216256_at GRMS8 0.0165960997424514 0.00285899797251689
217476_at NR1D1 0.0166520787088074 0.0298478241776261
208720_s_at RBM39 0.0167777891030138 0.00599829409632798
211456_x_at MTTHLT 0.0168212757278422 0.0178286194911081
217696_at FUT7 0.0168766608008016 0.0120566924445446
221270_s_at QTRT1 0.0172160800745213 0.00221405955547414
212221 x_at IDS 0.0172437073161689 0.0219544554849409
216842_x_at AC007967.3 0.0175720344954194 0.036529406495752
216218_s_at PLCL2 0.0176936200023459 0.00309755282910636
200051_at SART1 0.0178721328287539 0.0192476105409923
207545_s_at LOC101928143 0.0179519211554138 0.0301148107716804
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Appendix 2 [Continued]
T-test p-values which expressed statistically significant (p<0.05).

Probe set Gene symbol T-test of ascending vs transverse colon T-test of ascending vs descending colon
205208_at ALDHITL1 0.0183667929138689 0.00415250332330587
205221_at HGD 0.0184049090852041 0.00271285945641777
221820_s_at KAT8 0.0186851086363686 0.028753409045594
203655_at XRCC1 0.0195552969036288 0.0400589045965037
212750_at PPP1R16B 0.0195646183353 0.0492377107044371
221506_s_at TNPO2 0.0196184627564618 0.00174457407733694
209805_at PMS2 0.019825195471822 0.00486316399502379
215064_at SC5D 0.0199954612067164 0.0440091445857484
207849_at IL2 0.0207176895788813 0.0276467525952765
205906_at FOXJ1 0.0207563339586082 0.0179806461888217
219825_at CYP26B1 0.0209583654715191 0.00881670793732234
214223_at PTP4A3 0.0217386685680162 0.0479893913605289
208126_s_at CYP2C18 0.0217932781609716 0.000177625442325609
219931_s_at KLHL12 0.0218840059415327 0.0117095765515496
213829 _x_at RTELT 0.0219376081160701 0.00440303070992156
215720_s_at NFYA 0.0221274789124913 0.0312210491487658
215152_at MYB 0.02264495177855 0.000756885454908027
211526_s_at RTELT 0.0233096492986428 0.0285190925053854
213683_at ACSL6 0.0234069662080029 0.00120288150344804
208918_s_at NADK 0.0234457136397553 0.0248146569085601
213866_at SAMD14 0.0238234367565757 0.0393396874739623
205633_s_at ALAST 0.0239382239270208 0.00821418634889686
202695_s_at STK17A 0.0243135715265882 0.00152227814059241
206918_s_at CPNE1 0.0244699526788544 0.00345312532742211
220143 _x_at LUCTL 0.0247428675222006 0.0219049685866196
208078_s_at SIK1 0.0248000872538751 0.041063891774819
216255_s_at GRMS8 0.0249146761499734 0.0157547724656726
212057_at GSE1 0.0249589897515221 0.0484698192948672
204600_at EPHB3 0.0253505027616503 0.0147809814079668
211207_s_at ACSL6 0.0255396431283917 0.00395698612756328
200647 _x_at EIF3C 0.0255607837170601 0.0483723632307421
207251_at MEP1B 0.0257354358177781 0.00918924244587496
207839_s_at TMEM8B 0.0258093361300557 0.0196095035480556
213588_x_at RPL14 0.0260872509286091 0.0111475221873574
212486_s_at FYN 0.0261078855626755 0.00428508777172897
213052_at PRKAR2A 0.0264065924349971 0.0021970152350812
202453_s_at GTF2H1 0.0265095800665638 0.0346504801267993
211082_x_at MARK2 0.0268829025992098 0.0425854689163323
216076_at L3MBTL1 0.0272017509712494 0.00398324397474508
203692_s_at E2F3 0.0272445128841317 0.0156576760326496
203060_s_at PAPSS2 0.027895144467807 0.00389786074898919
205316_at SLC15A2 0.0279885836431827 0.0326919567585641
220544 _at TSKS 0.0287006492697387 0.00509790839600052
221309_at RBM17 0.0290725433318261 0.0268887155853216
201418_s_at SOX4 0.0292023385814225 0.0126185253830067
206092_x_at RTELT 0.0293869362376055 0.00113860086201966
78330_at ZNF335 0.0294480246483918 0.0171741697532607
205272_s_at PRH1 0.0299220129135875 0.0369958217690242
217702_at IL27RA 0.0299544046093803 0.0401086359899183
209589_s_at EPHB2 0.0311842634624996 0.0123654229209086
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Appendix 2 [Continued]
T-test p-values which expressed statistically significant (p<0.05).

Probe set Gene symbol T-test of ascending vs transverse colon T-test of ascending vs descending colon
211955_at IPO5 0.0315578723564607 0.0176122286833458
211682 _x_at UGT2B28 0.0318354648805484 0.00648649431682457
204087_s_at SLC5A6 0.0321670692191126 0.0122490683721897
203526_s_at APC 0.0328761174866492 0.0212298366801329
200679_x_at HMGB1 0.0329526572600519 0.00917422818239894
213435_at SATB2 0.0330632523557303 0.00922901315374263
200680_x_at HMGB1 0.0332268565706552 0.00579719881939093
214554_at HISTTH2AL 0.0337259349634992 0.0327594672367312
204016_at LARS2 0.0337866327513232 0.00764014221799583
201741 _x_at SRSF1 0.0337921106182684 0.00724465228268078
219017_at ETNK1 0.0339975156635643 0.0481914664756225
221803_s_at NRBF2 0.034042693873365 0.000847266509728566
207470_at BC113958 0.0340739924012714 0.0176655520428064
200721_s_at ACTRTA 0.0341968526622086 0.0189529433666907
209130_at SNAP23 0.0343722782076268 0.0124604330970823
219471 _at KIAA0226L 0.0348646305671111 0.00420770437161399
208209_s_at C4BPB 0.0351031049245856 0.0153006465554325
204109_s_at NFYA 0.0354670905518342 0.0188479934829926
201229_s_at ARIH2 0.0356977568922814 0.0403156245301037
216032_s_at ERGIC3 0.0361625187029235 0.0122220223853168
201556_s_at VAMP2 0.036315069181276 0.00326733016642116
205459_s_at NPAS2 0.0363568240584999 0.0275010969600155
201892_s_at IMPDH?2 0.0368418931444874 0.016425405884062 1
217809_at BZW2 0.0370411672528593 0.0111530894359189
219316_s_at FLVCR2 0.0371526563664439 0.0182386046049849
215930_s_at CTAGES 0.0372737894038448 0.0098514878384589
201716_at SNX1 0.0374101133631535 0.0390882393411317
205460_at NPAS2 0.0377153078107637 0.00438955957285321
212198_s_at TMO9SF4 0.0377980018920065 0.0315153804333592
201791_s_at DHCR7 0.037836973883822 0.0105566885301129
220354_at MCF2L-AST 0.0382621296936618 0.0194122145451439
212322_at SGPLT 0.0382890186278431 0.0269948479228522
215852 _x_at SOGAT 0.0384830960234485 0.038601969455771
219447 _s_at SLC35C2 0.0390051865506059 0.00838972207178568
208506_at HIST1H3F 0.0393787505015506 0.00327565992567932
204183_s_at ADRBK2 0.0393973730972733 0.000287600062011398
219764_at FZD10 0.0394147921859214 0.0334876991591887
205639_at AOAH 0.0395018367342232 0.00311265333171492
206407_s_at CcL13 0.0397475278576177 0.043343940220237
213828_x_at H3F3A 0.0400145315327654 0.0353596437251339
205141_at ANG 0.0403289905997115 0.0159352728259481
206141_at MOCS3 0.0404920863485373 0.0182643063304355
201795_at LBR 0.0406052479067525 0.00100262931231705
204838_s_at MLH3 0.0409725162323634 0.0104570300276411
220936_s_at H2AFJ 0.0409742871889988 0.00740207154862594
209134_s_at RPS6 0.0411455819895845 0.0143108121353305
220144 _s_at ANKEF1 0.0412498731136823 0.00869022109987666
213053_at HAUS5 0.0412932176220598 0.0150984897605612
41577_at PPP1R16B 0.0414980406250487 0.0484377414685173
220211_at FLJ13224 0.0416850414369416 0.0435986596500468
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Appendix 2 [Continued]
T-test p-values which expressed statistically significant (p<0.05).

25

Probe set Gene symbol T-test of ascending vs transverse colon T-test of ascending vs descending colon
204438_at MRC1 0.0418464706452934 0.00992848027255271
40837_at TLE2 0.0423156766188777 0.00626333011427297
215103_at CYP2C18 0.0423707724064298 0.00559948063703009
218579_s_at DHX35 0.0427011211748617 0.0436691935495297
222251 _s_at GMEB2 0.0430124806537605 0.00725566828019381
210357_s_at SMOX 0.0433172855060324 0.0338207181600041
205129_at NPM3 0.0436309133780782 0.0384625268226612
205240_at GPSM2 0.0439793027972249 0.000631561331351521
202576_s_at DDX19A 0.0440814208639885 0.018256407713014
206650_at 1QcC 0.0449944650713525 0.0121751394207934
214107 _x_at LOC440434 0.0450720367479637 0.0265633412274562
204613_at PLCG2 0.0454915719075093 0.0229035737853801
216508_x_at HMGB1P4 0.0461980573409067 0.0143328712291447
205865_at ARID3A 0.0463046577532617 0.00292335880810168
203909_at SLC9A6 0.0466752587281775 0.0473501198857895
221741_s_at YTHDF1 0.0473235099369472 0.0161402553890302
211603_s_at ETV4 0.0473890117318017 0.0057997801630521
219653_at LSM14B 0.0476370621810747 0.000580206292203339
206170_at ADRB2 0.0476421232283042 0.0154418296902453
221922_at GPSM2 0.0476880097134143 0.000657071637689071
210393_at LGR5 0.0490924051065539 0.0138545969031669
213975_s_at LYZ 0.0496410825350101 0.0216348586636666
209588_at EPHB2 0.0498298092972293 0.0316158601621646
205362_s_at PFDN4 0.0498825900877403 0.000926938401448077
Appendix 3

Result of GSEA showed that a total of 11 gene sets were enriched in the ascending tumor type, while 6 gene sets

Enriched in ascending colon

were not enriched in the same group.

Diminished in ascending colon
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Abstract

Objectives: The elaborate morphometry of the human trapezius muscle facilitates its involvement in numerous active move-
ments of the shoulder girdle and passive stabilization of the upper extremity. Despite its functional importance throughout
the lifespan, little is known about the 3D architecture of trapezius at any post-natal timepoints. Accordingly, the aim of this
preliminary cadaveric study was to digitize, quantify, model, and compare the 3D architecture of trapezius at two temporal
extremes: infancy and adulthood.

Methods: We examined trapezius in two female formalin-embalmed cadavers, aged 6 months and 72 years, respectively. We
meticulously dissected each muscle, allowing us to digitize and model the comprehensive muscle architecture in situ at the fiber
bundle level. We quantified standard architectural parameters to facilitate comparison between each functional partition of
trapezius (i.e., descending, transverse, ascending) and proportionally between the infant and adult specimens.

Results: We found markedly different patterns in fiber bundle length range, physiological cross-sectional area, and muscle vol-
ume within and between muscles. Notably, the proportional physiological cross-sectional area of the ascending and descending
partitions was equal (1:1) in the infant, in contrast to 3:1 in the adult. The transverse partitions were proportionally similar,
accounting for over half of the whole muscle physiological cross-sectional area in both specimens.

Conclusion: This study provides preliminary insights into infant and adult trapezius architecture at an unparalleled level of
detail and precision. The quantifiable architectural differences appear to coincide with functional development-a notion that

Introduction

The trapezius is a morphometrically complex muscle that
is conventionally divided into three distinct partitions:
ascending, transverse, and descending. Functionally, the
trapezius is involved in voluntary movement of the scapu-
lae (depression, retraction, elevation, and upward rota-
tion) and clavicles (elevation), as well as postural stability
and upper extremity support via suspension of the shoul-
der girdle." This large superficial muscle is frequently
implicated in a wide range of pathologic conditions,

warrants further investigation in larger samples and with longitudinal approaches.
Keywords: cadaver; digitization; infant; muscle architecture; skeletal muscle; trapezius

Anatomy 2021;15(1):26-35 ©2021 Turkish Society of Anatomy and Clinical Anatomy (TSACA)

including fibromyalgia,”” cerebral palsy,” and facioscapu-
lohumeral muscular dystrophy.” Morphological changes
present in these conditions include reduction of muscle
mass due to atrophy leading to functional changes such as
altered excursion (range of motion) or reduced relative
force generating capacity."

Despite its common involvement in pathologic condi-
tions, very little is known about both the detailed archi-
tecture of the trapezius and its developmental trajectory.
Without this foundational knowledge, assessment of the

This study was presented as an oral presentation at the 36th Annual Meeting of the American Association of Clinical Anatomists, June 11th—15th 2019, Tulsa, OK, USA.
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etiology, pathophysiology, rehabilitation, and manage-
ment of trapezius pathologies are inherently limited.

A recent study by Badura et al.” reported preliminary
quantitative data regarding pre-natal growth dynamics of
the human trapezius. This study offers vital insights into
fetal trapezius development; however, fetal development
patterns are not influenced by external functional
demands and therefore cannot be generalized to post-
natal growth. Post-natal data are essential for understand-
ing how functionality may affect the morphometry and
growth dynamics of muscles like the trapezius.

In early post-natal development, the trapezius (in tan-
dem with the sternocleidomastoid) generates a head thrust
movement that is essential to infant breastfeeding mechan-
ics.” Moreover, it has been demonstrated that stabilization
of the head and shoulder are facilitated by increases in
trapezius and deltoid activity. These muscular changes
provide increased postural stability to enable the develop-
ment of functional reaching patterns.” Nevertheless, to
the best of our knowledge, no studies to date have investi-
gated or documented the morphometry of the infant
trapezius.

The adult trapezius has been examined in greater
detail than that of the infant. Numerous iz vivo imaging
studies (e.g., ultrasound and magnetic resonance) have
been used to quantify various morphometric parameters,
including cross-sectional area, fiber bundle length (FBL),
and muscle thickness.""" Yet, a lack of thorough under-
standing of the fundamental anatomy in this region poses
a significant challenge to imaging optimization and inter-
pretation. Several cadaveric studies have investigated adult
trapezius morphometry;'*" however, the architectural
parameters quantified in these studies are often overgen-
eralized and inaccurate due to limited fiber bundle (FB)
sampling, lack of volumetric data, and 2D manual meas-
urements of 3D parameters. Recently, our lab has begun
digitizing the 3D architecture of the adult trapezius in
cadaveric specimens using the same methods presented in
this paper;'” however, data analysis is still in progress.

Accordingly, this study had two primary objectives; (1)
to capture and quantify three-dimensional (3D) trapezius
architecture in an infant and adult cadaveric specimen, and
(2) to document morphometric differences between the
infant and adult trapezius.

Materials and Methods

This study examined two lightly formalin-embalmed
cadaveric specimens: one female infant (age: 6 months)
and one female adult (age: 72 years). Neither specimen
had discernable evidence of structural abnormality,

pathology, or previous surgery in the back, neck, or shoul-
der regions.

The digitization and modeling techniques used in this
study were developed in our laboratory and have been
used previously to examine the morphometry of other

. . . 19 . . 20
muscles, including supraspinatus,”"” pectoralis major,””
and soleus.”"

Prior to data collection, we obtained full body comput-
erized tomography (CT) scans of the infant cadaver on an
Aquilion ONE™ 320 scanner (Toshiba Medical Systems
Corporation, Tokyo, Japan) with a voxel size of 0.62 mm x
0.62 mm x 0.3 mm. While the bony attachments of the
adult trapezius have been studied in detail, no studies to
our knowledge have characterized the attachments of the
infant trapezius with respect to the progressive ossification
of bones such as the scapula and clavicle. Next, each cadav-
er was stabilized in a prone position with the scapulae fixed
in a neutral position against the rib cage. In the adult spec-
imen, both humeri were in anatomical positon, while in
the infant the right humerus was slightly abducted (<30°).
Only the right trapezius was studied in the infant specimen
due to positional limitations of the left upper extremity
resulting from the tissue fixation process; both the left and
right trapezius were analyzed in the adult specimen.

The skin and subcutaneous tissues were carefully
removed to expose each trapezius muscle in its entirety.
Beginning on the superficial surface of the trapezius, each
FB was meticulously delineated in situ between its lateral
and medial attachment sites (Figure 1). FBs were digitized
in 3-5 mm increments, from origin to insertion, using a
MicroScribe® G digitizer (Immersion Corp.; San Jose, CA,
USA). Digitized FBs were then removed to reveal under-
lying FBs, and the process of serial digitization and dissec-
tion was repeated through the entire volume of the mus-
cle. The surfaces of aponeuroses that provided attachment
for FBs to bone were digitized in a grid pattern as they
were exposed during dissection. The resultant point cloud
data were segmented into the three functional partitions of
the trapezius based on individual FB attachments to later-
al bony landmarks examined in 3D: ascending partition—
FBs with lateral attachment to the base of the scapular
spine (end of the deltoid tubercle); transverse partition—
FBs with lateral attachment to the scapular spine or
acromion; and descending partition—FBs with lateral
attachment to the clavicle. Subsequently, the data were
reconstructed as 3D models of the connective and con-
tractile elements of each trapezius using Autodesk” Maya®
2019 (Autodesk Inc.; San Rafael, CA, USA).

Digitized data were imported into a custom program
developed in the laboratory to quantify FBL, FBL range,
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Figure 1. Dissection photographs of fiber bundles in the ascending partition of the infant (a) and adult (b) specimens. The green line shows the
spinous processes of the thoracic vertebrae. Apo: Aponeurosis; FBs: fiber bundles.

muscle volume (MV), and physiological cross-sectional
area (PCSA) for each functional partition according to the
method described in Lee et al.” Each muscle parameter is
defined as follows: (a) FBL: the length of a single FB
between its attachment sites and is a measure of excursion;
(b) MV: the volume of a muscle or partitions thereof and is
a component of PCSA; and (c) PCSA: MV accounting for
the internal architecture of a muscle and represents relative
force generating capability of a muscle or a functional par-
tition. Proportional values were also calculated for PCSA
and MV (% of whole muscle) and FBL range (% of whole
muscle range) to facilitate comparison between muscles.

Descriptive statistics (mean, standard deviation, range)
were calculated for FBL. One-way analysis of variance
(ANOVA) was conducted to assess significant differences
in FBL between functional partitions for each trapezius.
All statistical analyses were conducted in SPSS® Statistics
v.26.0 (IBM®; Armonk, NY, USA) using a significance
level of a=0.05. If a one-way ANOVA demonstrated sta-
tistical significance, data were tested for normality and
homogeneity of variance and appropriate post-hoc inde-

Anatomy e Volume 15 / Issue 1/ April 2021

pendent-samples t-tests were used to explore differences.
Significance levels were adjusted using the Bonferroni
correction where appropriate. Relative PCSA and MV for
each partition were compared between the infant and
adult muscles.

Results

Contractile tissues of the trapezius in the infant and adult
spanned between wide, flat connective tissue elements
(i.e., aponeuroses) both medially and laterally. These
aponeuroses were more extensive in the adult, attaching
medially to the thoracic spinous processes, nuchal liga-
ment, and superior nuchal line and laterally to the scapu-
lar spine, acromion, and lateral part of the clavicle. In the
infant these tissues were less developed, and some bony
features were still cartilaginous, as seen in the CT scans
onto which the infant trapezius model was superimposed
(Figure 2). We also found a rhomboidal aponeurosis
extending inferomedially from the base of the scapular
spine in both the infant and adult specimens.
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Aponeurosis

B Cartilage

Descending Partition

Transverse Partition
Ascending Partition

Figure 2. Three-dimensional models of the infant and adult trapezius rendered in Autodesk® Maya® from the digitized cadaveric data. (a) Right infant
trapezius registered onto computerized tomography-scanned skeletal and cartilaginous elements; (b) right infant trapezius; and (c) right adult trapezius.

Infant Trapezius Architecture

The infant trapezius had a mean FBL of 37.64+6.72 mm.
Each functional partition (descending, transverse, and
ascending) exhibited distinct morphometric characteris-
tics (Figure 3). The ascending partition had the largest
range of FBLs and the transverse partition had the short-
est average FBL (Table 1).

A one-way ANOVA revealed significant differences in
FBL between partitions in the infant trapezius (Fesi=
58.700, p<0.001). Post hoc independent-samples t-tests
indicated that the mean FBL in the transverse partition was
significantly smaller than in both the descending partition
(t=13.096, p<0.001; 95% confidence interval [CI]:
6.23-8.43) and the ascending partition (t=7.594, p<0.001;
95% CI: 5.07-8.63). There was no significant difference
between the descending and ascending FBL (p=0.601).

The PCSA for the infant trapezius was 147.88 mm’
and the MV was 7.51 cm’ (Table 1). In the infant, the
proportional PCSA and MV values differed markedly in
the descending and transverse partitions. Conversely, the
transverse partition had a the largest proportional PCSA,

but a similar MV to the descending partition. The relative
PCSA and MV in the ascending partition were almost
identical (Figure 4).

Adult Trapezius Architecture

The left adult trapezius had a mean FBL of 93.06+25.01
mm. As with the infant, functional partitions of the adult

Whole ] '{;‘-.W I
Descending %' :-" ”
Transverse ?ﬁ?ﬂgﬁ' %}T

Ascending :%—* 5 _'._- S

0 20 40 60 80
Fiber bundle length (mm)

Figure 3. Infant trapezius: fiber bundle lengths. Each point represents
the length of one fiber bundle in the whole muscle and each functional
partition. The vertical black line indicates the mean fiber bundle length.
Additional numerical details are provided in Table 1.
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Table 1
Architectural parameters: infant trapezius.

Mean FBL+SD FBL range % Whole PCSA % Whole Mv % Whole
Muscle partition n (mm) (Min.-max.) FBL range (mm?) PCSA (cmd) MV
Whole 314 37.64+6.72 25.04-58.98 - 147.88 - 7.51
Descending 71 41.14+3.46 36.65-53.25 48.91% 31.89 21.25% 2.90 38.66%
Transverse 144 33.82+4.53 25.04-44.41 57.08% 85.11 57.56% 2.98 39.68%
Ascending 99 40.66+8.15 30.28-58.98 84.55% 31.34 21.19% 1.63 21.65%

FBL: fiber bundle length; MV: muscle volume; n: number of fiber bundles; PCSA: physiological cross-sectional area; SD: standard deviation.

21.50% 38.86%

21.13% 21.58%

57.37%

39.56%

M Descending M Transverse M Ascending

Figure 4. Infant trapezius: proportional physiological cross-sectional
area and muscle volume. This figure illustrates the proportional physio-
logical cross-sectional area (labeled: PCSA) and muscle volume (labeled:
Volume) for each functional partition of the right infant trapezius. The
percentage of whole muscle values are printed around each chart in the
corresponding color for each partition. Additional numerical details are
provided in Table 1.

trapezius muscles were morphometrically distinct (Figure
5). The ascending partition included both the shortest and
longest FBLs in the muscle while the transverse partition
had both the shortest mean FBL and the smallest range of
FBLs (Table 2).

Whole
Descending 4
Transverse-

Ascending

0
a Fiber bundle length (mm)

The right trapezius was slightly smaller than the left
but had a similar range of FBLs. The mean FBLs for each
partition exhibited a similar pattern to those in left trapez-
ius. As found in the left trapezius, the ascending partition
of the right trapezius also included 100% of the range of
FBLs documented in the whole muscle (Table 2).

One-way ANOVAs for both left and right adult mus-
cles indicated significant differences between partitions
(left: Feo9=193.034, p<0.001; right: Fo.1445=204.834,
p<0.001). Post hoc independent-samples t-tests of the left
trapezius revealed that the mean FBL in the transverse par-
tition was significantly smaller than in the descending par-
tition (t=20.157, p<0.001; 95% CI: 24.10-29.32) and in the
ascending partition (t=15.634, p<0.001; 95% CI: 23.05-
29.68). Average FBLs in the ascending and descending
partitions were not significantly different in the left trapez-
ius (p=0.864). Analyses of the right trapezius revealed the
same differences between the descending and transverse
mean FBLs (t=18.779, p<0.001; 95% CI: 18.73-23.13) as
well as between the ascending and transverse mean FBLs
(t=17.849, p<0.001; 95% CI: 24.29-30.30); however, the
ascending and descending partition average FBLs were
also significantly different (t=3.486, p=0.001; 95% CI: 2.78—
9.95).

Whole
Descending
Transverse

Ascending

Fiber bundle length (mm)

Figure 5. Adult trapezius: fiber bundle lengths. Each point represents the length of one fiber bundle in the whole muscle and each functional par-
tition of the left trapezius (a) and right trapezius (b). The vertical black line indicates the mean fiber bundle length. Additional numerical details are

provided in Table 2.
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Table 2
Architectural parameters: adult trapezius.

Mean FBL+SD FBL range % Whole PCSA % Whole MV % Whole
Muscle partition n (mm) (Min.-max.) FBL range (mm?) PCSA (cm?) MV
Whole: Left 1001 93.06+25.01 34.12-175.23 - 811.77 - 79.48 -
Descending 164 105.60+15.83 78.90-150.80 50.95% 95.25 11.73% 11.15 14.03%
Transverse 465 78.89+10.30 37.34-103.16 46.64% 408.12 50.28% 33.21 41.78%
Ascending 372 105.25+31.19 34.12-175.23 100.00% 308.40 37.99% 35.13 44.20%
Whole: Right 1448 73.75+27.90 34.97-168.80 - 874.13 - 73.34 -
Descending 157 81.14+13.25 56.36-114.66 43.56% 94.58 10.82% 13.01 17.73%
Transverse 693 60.21+£9.26 41.93-85.87 32.83% 481.41 55.07% 31.30 42.68%
Ascending 598 87.50+36.40 34.97-168.80 100.00% 298.13 34.11% 29.03 39.59%
FBL: fiber bundle length; MV: muscle volume; n: number of fiber bundles; PCSA: physiological cross-sectional area; SD: standard deviation.
The PCSAs for the left and right adult trapezius mus- 11.73% 14.03%

cle were 811.77 and 874.13 mm’, respectively (Table 2).
In both adult muscles, the transverse partitions accounted
for over half of the whole muscle PCSA while the propor-
tional MVs of this partition were slightly lower. In con-
trast, the proportional PCSA was lower than the propor-
tional MV in both the descending and ascending parti-
tions (Figure 6).

Morphometric Comparison

On the surface, the infant and adult trapezius were fairly
similar in terms of shape and attachment to skeletal ele-
ments. Some bony elements (e.g., acromion) were not yet
fully developed in the infant and were instead cartilagi-
nous in composition. Morphometrically, the variability in
FBL throughout the muscle, and within each functional
partition, was comparable between the infant and adult
muscles. The FBL range in the descending partitions were
just under half of the whole muscle range (48.91% in the
infant vs 47.26% in the adult). The ascending partitions
had the largest range of FBLs in both the infant and adult
muscles, while the transverse partitions had the smallest
range of FBLs (Table 3).

The trapezius in infancy and adulthood exhibited sev-
eral other notable disparities. The infant trapezius MV
was about one tenth that of the adult trapezius. MV was
evenly distributed between the descending and transverse
partitions in the infant, with the ascending partition being
markedly smaller. In the adult, nearly 85% of the MV was
divided between the transverse and ascending partitions,
while the descending partition was strikingly smaller
(Table 3).

Compared to the infant trapezius PCSA, the average
adult muscle PCSA was 5.7 times greater. The transverse

37.99%

b
Q
-l
50.28% 41.78%
10.82% 17.73%
34.11% 39.59%
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Figure 6. Adult trapezius: proportional physiological cross-sectional
area and muscle volume. This figure illustrates the proportional physio-
logical cross-sectional area (labeled: PCSA) and muscle volume (labeled:
Volume) for each functional partition of the left and right adult trapez-
ius. The percentage of whole muscle values are printed around each
chart in the corresponding color for each partition. Additional numerical
details are provided in Table 2.

partitions of the infant and adult muscles were proportion-
ally similar, accounting for just over half of the whole mus-
cle PCSA. In the infant, PCSA was equally distributed
between the ascending and descending partitions; on the
contrary, the ascending partition PCSA in the adult was
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Table 3
Morphometric changes: infancy to adulthood.

% Whole FBL range % Whole PCSA % Whole MV
Muscle partition Infant Adult Infant Adult Infant Adult
Descending 48.91% 47.26% 21.25% 11.28% 38.66% 15.88%
Transverse 57.08% 39.74% 57.56% 52.68% 39.68% 42.23%
Ascending 84.55% 100% 21.19% 36.05% 21.65% 41.90%

FBL: fiber bundle length; MV: muscle volume; PCSA: physiological cross-sectional area.

approximately three times greater than that of the descend-
ing partition (Table 3).

The proportional adult MV and PCSA were compara-
ble, with a slightly higher MV than PCSA in the descend-
ing and ascending partitions and vice versa in the trans-
verse partition. Proportional MV and PCSA in the infant
trapezius partitions were noticeably incongruent. For
example, while the descending and transverse partitions
had almost identical proportional MVs, the PCSA in the
transverse partition was over 170% greater than the
descending partition PCSA.

Discussion

"T'o the best of our knowledge, this is the first study to doc-
ument and quantify the comprehensive 3D architecture
throughout the muscle volume of the infant and adult
trapezius. The preliminary results presented in this paper
offer an unprecedented level of precision and detail
regarding the trapezius muscle. Likewise, our findings
support the long-held pediatric dogma that, from the per-
spective of muscle architecture, “children are not little
adults”.

Trapezius Morphology

One of the major confounds in musculoskeletal literature
involving trapezius is a lack of consensus regarding the
precise definitions of anatomical or functional partitions
within the muscle. While most sources divide trapezius
into three partitions—ascending, transverse, and descend-
ing—there are inconsistencies in how each partition is
defined. In particular, FBs that attach laterally to the
medial border of the acromion are variably included in
either the descending partition”” or the transverse parti-
tion.”**” Several electromyographical studies have divided
trapezius into four partitions;***” however, there is cur-
rently no clear evidence to support this further subdivi-
sion. The partitioning of trapezius is believed to have been
derived from non-human literature,” further substantiat-
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ing the need for detailed studies of this muscle in humans.
As a result, it is currently challenging to compare between
studies in which different criteria have been used to parti-
tion trapezius.

The broad morphological characteristics of trapezius
observed in this study are mostly in agreement with those
presented in the existing cadaveric literature. Similar to
Kamibayashi and Richmond,"” we observed that the FBs
throughout the muscle volume span the full width of the
muscle, from medial origin to lateral insertion. We also
noted a similar expansive aponeurosis extending laterally
from the spinous processes in the transverse partition;
however, in the infant there were no markedly shorter FBs
present in the deep transverse partition, and it lacked the
substantial thickness seen in the adult. The common
aponeurotic tendon attaching to the base of the scapular
spine was consistent with that described by Johnson et
al."” We observed that all FBs in the ascending partition
of both the infant and adult trapezius inserted onto this
rhomboidal aponeurosis, in contrast to Johnston et al."” in
which this aponeurosis was described as the lateral attach-
ment only for fascicles originating from T2 through T5.
Similar levels of qualitative detail regarding trapezius
morphometry were not reported in other cadaveric litera-
ture, and we did not find any non-adult cadaveric studies
including trapezius.

Muscle Architecture

We also compared the quantitative results of our pilot
study to existing adult literature; there were no quantita-
tive studies of pediatric trapezius architecture with which
to compare our findings. Of the four cadaveric studies of
adult trapezius architecture that included numerical
data,"""”" only one presented data divided into three dis-
tinct muscle partitions. In general, the proportional rela-
tionships reported by Kamibayashi and Richmond"” are
similar to those in our adult cadaver: the ascending parti-
tion had the largest average FBL of the three partitions
(right muscle only in the current study)—including both
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the shortest and longest FBLs recorded in the whole mus-
cle, the descending partition PCSA was the smallest, and
the transverse partition PCSA was the largest. In the cur-
rent study, the FBL values were slightly smaller (e.g., over-
all FBL range of 34.12-175.23 mm compared to
56.0-225.0 mm [converted from cm]), as were the PCSA
values. These differences may be attributable to numerous
factors including donor height and weight, measurement
methodology, and FB sampling. In the current study,
every FB throughout the muscle volume is included in the
dataset, compared to a mere 5-20 FBs pseudo-randomly
sampled from each muscle.

A more extensive literature has been published on the
adult trapezius using iz vivo magnetic resonance imaging
and ultrasound; however, the majority of these studies are
focused on pathological conditions and rarely include val-
ues for baseline or asymptomatic trapezius architectural
parameters. Those that do typically report parameters
with limited functional value—such as muscle thick-
ness," " MV,"" or anatomical cross-sectional area (i.e.,
measured in standard anatomical planes)'*"""'—as
opposed to FBL or PCSA. Compared to the adult MVs
calculated in the current study, the trapezius MVs report-
ed by Li et al."" from serial MRI scans were much larger,
ranging from 170-530 cm’; however, this is consistent
with a study that reported MV estimated from MRI were
an average of 64% larger than those estimated from cadav-
eric dissection.”” Nonetheless, studies suggest that FBL
does not change as long as tissue is fixed while remaining
intact with bony attachments™ and that relative or pro-
portionate values for PCSA are consistent between com-
puted tomography images and cadaveric data.”™

Functional Implications

Pre-natal data, such as those reported by Badura et al.,”
provide insight into fetal muscle developmental trajecto-
ries. Nevertheless, pre-natal muscle growth is not influ-
enced by the same types of external forces and functional
demands present during post-natal development and
adulthood. The morphometric differences between the
infant and adult trapezius muscles documented in this
study suggest that external forces and functional demands
during post-natal development change the muscle archi-
tecture in favour of postural stability and functional upper
limb movement.

At six months of post-natal age, an infant is typically
able to elevate their head and chest off the ground by
extending their arms from a prone position and may begin
to maneuver themselves along the floor with their arms
and legs.”" These developmental milestones are consistent

with the patterns of PCSA (relative force generating capa-
bility) observed within the infant trapezius: the transverse
partition-which functionally is associated with scapular
retraction and, to a lesser extent, depression—accounts for
over half of the whole muscle PCSA. These scapular
movements are integral to the sequential activity of raising
the head and chest in a prone position using the upper
limbs. Without scapular retraction and depression, this
functional task would not be possible.

The remaining PCSA is equally distributed between
the ascending and descending partitions of the trapezius,
in stark contrast to the approximate 3:1 ratio seen in the
adult. This may be explained by the considerable increas-
es in muscle tone required during the development of vol-
untary head and neck movement during early infancy,
such as the head thrust movement required for productive
breastfeeding. When the scapulae are stabilized, the
descending partition of trapezius assists with head/neck
extension, ipsilateral flexion, and contralateral rotation.””
In the adult, the ascending partition may have greater
force generating capabilities due to functional demands
associated with upright posture and positioning of the
upper limb; in contrast, the descending partition may
remain more functionally analogous to that of the infant
in terms of gross motor activity, resulting in the unbal-
anced PCSA ratio observed in the adult.

Furthermore, electromyographical studies of the adult
trapezius have reported that “the greatest activity in
trapezius appears during abduction of the limb and chiefly
in the lower two-thirds of the muscle”."” This is in keep-
ing with our findings that the ascending and transverse
partitions jointly contained nearly 90% of the whole mus-
cle PCSA and 85% of the whole MV.

Limitations and Strengths

The most notable limitation of this study is the small sam-
ple size: one infant and one adult. This is largely attribut-
able to strict regulations regarding non-adult body dona-
tion resulting in a dearth of cadaveric data during key
developmental timepoints. Adult data is more widely
available; however, due to the preliminary nature of this
study we chose to include data from a single female adult
cadaver for the purposes of comparison. Moreover, previ-
ous cadaveric studies conducted in our laboratory using
similar digitization techniques, including preliminary data
collected from adult trapezius muscles,"” have reported
consistent patterns of muscle architecture between speci-
mens."”*" It is also worth noting the limitation presented
by the use of embalmed cadaveric specimens. Neither tis-
sue properties nor architectural parameters are directly
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comparable between cadaveric and i vivo imaging stud-
ies;"" however, the use of proportional values will help
facilitate comparisons between the data presented in this
study and future in vivo studies.”

Despite a small sample size, we strongly believe that
these preliminary results warrant further investigation
into the changing morphometry of trapezius throughout
post-natal development and adulthood. While longitudi-
nal studies are not possible in cadaveric research, patterns
of morphometry between specimens at different develop-
mental timepoints have the potential to provide valuable
insights into how muscles adapt to functional demands
and how structure is associated with pathologic condi-
tions. Likewise, a better understanding of the underlying
anatomy of trapezius will provide an essential foundation
upon which to create new imaging protocols for the col-
lection of in wvivo longitudinal developmental data.””
Future studies should focus on collecting detailed anatom-
ical data to better understand the internal structure of
trapezius, ideally from a range of development timepoints.

Conclusion

This is the first pilot study to digitize and quantify the
complete 3D architecture of the infant and adult trapezius
and offer preliminary evidence of how the morphology
and architecture of trapezius differ between infancy and
adulthood. Literature describing the detailed anatomy of
trapezius is sparse, particularly before adulthood, leaving a
notable gap in our understanding of how structure informs
function during post-natal development. Future longitudi-
nal studies should build upon the findings presented in this
paper to document the post-natal developmental trajecto-
ry of trapezius using i vivo imaging techniques.
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Abstract

Objectives: Tissue defects in the lateral triangle of the neck and the anterior cervical region represent a high demand for plas-
tic and reconstructive surgery. Their management most often requires regional or free flaps. The perforator flap based on the
deltoid branch of the thoracoacromial artery (TAA) may be a good solution for these indications. The objective of this work is
to propose anatomical landmarks to raise perforator flaps pedicled on the deltoid branch of the TAA.

Methods: We carried out dissection of 24 perforator flaps based on the deltoid branch of the TAA, in body donor specimens
preserved in a glycerin-rich, formalin-free solution. The TAA was first injected with methylene blue. The vascular territory, loca-
tion of perforators relative to known landmarks, along with the flap’s potential amplitude and arc of rotation were studied.

Results: The main perforating arteries of the flap were located in the middle of the deltopectoral groove, often surrounded by
adipose tissue in 18 out of 24 dissections. In 22 out of 24 dissections, there were at least 2 perforator arteries originating from
the deltoid branch. The average diameter of the perforator arteries was 1 mm. The flap’s amplitude of movement made it pos-
sible to reach in all cases the lateral triangle of the neck and the anterolateral cervical region.

Conclusion: The thoracoacromial artery has already been used for perforator flaps. However, the individualization of its del-
toid branch offers to practitioners new surgical options. This anatomical study of the perforator flap based on the deltoid
branch of the TAA made it possible to review the anatomical bases for the raising of this flap, and to fix useful landmarks
for the surgeon in order to propose an easily feasible surgical technique.

Keywords: deltoid branch; perforator flap; thoracoacromial artery; vascular territory
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Introduction used in other indications.” In this case the morbidity on

the deltoid muscle is high, even when the donor site can
be primarily closed.” More recently, the advent of per-
forator flaps marked a turning point in the reconstruc-

For many years, covering the tissue defects of the lateral
triangle of the neck and the anterior cervical region has

required complex techniques because these two regions
are limited by the course of the sternocleidomastoid

11,2
muscle.

""The deltoid region has never been exploited
to fill in for these tissue defects. Indeed, in the deltoid

region, muscular and musculocutaneous flaps are mostly

tion of tissue defects of the neck. Besides, in the indica-
tions of loss of substances from the lateral triangle of the
neck and the anterior cervical region, the perforator flap
of the cervical transverse artery can provide an efficient
solution.” The perforator flaps are based on the muscu-

This study was a poster presentation at the 102nd Congress of the French Association of Morphologists, 11th-12th March 2021, Montpellier, France.
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locutaneous perforators which cross the muscle and end
on a skin pallet without participating in the muscular
vascularization.” They therefore better match for filling
(or repairing) the loss of substance in question, with
reduced morbidity and a wider choice of donor sites.

The thoracoacromial artery (TAA) originates below
the lateral half of the clavicle. It is a big artery located on
the anterior face of the axillary artery; its initial portion is
located behind the cranial margin of the pectoralis minor
muscle.”” The deltoid and pectoral branches are the two
permanent voluminous arteries arising from the TAA. Itis
also found inconstantly two other variable branches: a
clavicular branch (arising from the TAA) and an acromial
branch arising from the deltoid branch (when present).”
These four arteries (and their satellite veins) come out of
the TAA just below the clavicle. They meet on their way
the pectoralis major muscle which they cross from inside
out below the clavicle.”” The clavicular branch medially
supplies the pectoralis major muscle, which is laterally
irrigated by the deltoid and acromial branches.”” The
deltoid and acromial branches provide musculocutaneous
perforators for the subcutaneous tissue and skin of the
upper portion of the pectoral wall. It is common for the
acromial branch to arise directly from the deltoid branch;
this acromial branch also provides a musculoskeletal per-
forator for the subcutaneous tissue and skin above the del-
toid muscle and the clavicle (acromial end).”” The deltoid
branch crosses the upper part of the deltopectoral groove
and ramifies into a superficial and a deep branch.""" The
duplication of the fascia houses a small canal in which the
deep branch travels inside the deltopectoral groove. This
deep branch crosses superficial planes of its fascial canal, at
the level of the intermuscular space. It reaches the subcu-
taneous tissue and irrigates the skin overlying both the
pectoralis major tendon and the insertional portion of the
deltoid.""""

In the literature, the perforator flap based on the del-
toid branch of the TAA has not yet been the subject of
anatomical study, this work therefore represents a pio-
neer study in this area. The aim of this study was to high-
light the feasibility of a perforator flap based on the del-
toid branch of the TAA, in covering tissue defects with-
in cervical regions.

Materials and Methods

Prior to our work, all the institutional procedures con-
cerning cadaveric dissection were respected, as well as the
ethical framework. From an ethical point of view, our
work was based on the legislation at the time of the study.
We dissected 24 anatomical regions belonging to 12
cadavers (12 right and 12 left upper limbs). The 12 non-

formalin fixed cadavers consisted of 9 males and 3 females.
The mean age was 69 years (range 47-88). No history of
surgery or deformity was reported on the cadavers. The
areas targeted for dissection were supraclavicular, pectoral
and deltoid regions. For embalming we used a glycerin-
rich, formalin-free solution. Such a solution is used in the
laboratory of anatomy of Lille to preserve tissue supple-
ness.

Our dissections were carried out in several phases. For
the first phase, the cadaver was placed in a supine position,
the lateral triangle of the neck was dissected and the clav-
icle removed. We dissected, identified and marked the
subclavian artery and its branches. The origin of the TAA
was exposed on the anterior side of the first segment of the
axillary artery. A mixture (gelatin, methylene blue and
iron powder) was used for infecting the TAA (Figures 1a
and b). The cadaver was then refrozen for 24 hours for
hardening the injected mixture.

In the second phase, the cadaver was thawed out at
room temperature and then placed in dorsal decubitus to
dissect the subcutaneous tissue and skin. For this phase,
the dissection made it possible to completely circumscribe
the cutaneous perforasome, and to detach it while sparing
the muscular layer. The superficial plane was then dissect-
ed and separated from the muscle layer over the entire sur-
face of the perforasome. Special care was taken at this
phase of the dissection to prevent damaging veins accom-
panying each perforating artery (Figures 2, 3a and b).
During this procedure, the perforating arteries were dis-
sected, inventoried and listed according to their character-
istics (location, dimensions, orientation, frequency and
size of the cutaneous perforasome). Perforasome area was
calculated based on a circular shape (radius x radius x ) or
elliptical shape (long radius x small radius x 7). Dissection
of perforators was then continued through the muscle
while preserving the integrity of the pectoralis major mus-
cle. The superficial layer of the perforator flap was then
completely harvested with its pedicle. All measurements
were made by the same operator. The following equip-
ment was used for the various measurements: felt pen,
metal rulers graduated in millimeters, surgical suture, cal-
liper, thumbtacks, and magnifying glasses.

Results

The TAA had an average diameter of 2 mm. An average
of 2.4 perforators (range: 1-3) were found on the perfora-
some corresponding to the territory of the TAA’s deltoid
branch. The average diameter of these perforators was 0.9
(range: 0.5-1.5) mm. The perforators of the deltoid
branch are mainly observed over an area of 4 cm’ project-
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Cranial

Figure 1. Injection of dye on the right (a) and left (b) sides into the del-
toid and pectoral branches of the of the thoracoacromial artery in two
subjects. The deltopectoral groove is represented as a white line (speci-
men numbers 17 and 2).

ing near the middle third of the deltopectoral groove
(Figure 4). The average dimensions of the perforasome
were 6x7 cm, corresponding to a mean area of 33 (range:
23.5-50) cm’. Its general orientation was descending on
the ventral side of the deltoid muscle and slightly oblique
infero-laterally (Figure 5). The extramuscular pedicle had
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Ventral

Cranial

Figure 2. Dissecting the vascular territory of the deltoid branch of the
thoraco-acromial artery (specimen number 13).

an average length of 1.8 (range: 10-30) cm and the trans-
muscular pedicle had an average length of 7 (range: 5-10)
cm. A 180° arc of rotation was possible from the pivot
point (Figure 6). In 19 of the 24 specimens, the deltoid
branch of the TAA and its perforators converged over the
middle third of the deltopectoral groove (pivot point). It
also appears that the acromial branch is always a daughter

branch from the deltoid branch.

The following topographic boundaries can be used
when dissecting this flap, although the perforasome area
often extends beyond these boundaries: caudally the hori-
zontal line passing through the nipple and the 4th inter-
costal space, laterally the vertical line passing through the
insertion of the deltoid muscle, medially the anterior edge
of the deltoid, the apex of the perforating flap lying near its
pedicle, along the deltopectoral groove. The more detailed
results are presented in Table 1 and Figures 1-3.

Discussion

Several anatomical and surgical series have already pro-
posed the musculocutaneous flaps of the thoracic mus-
cles in the indications of tissue defects in the lateral tri-
angle of the neck and the anterior cervical region."”
More recently the fasciocutaneous and perforator flaps
of pectoral region have been studied in the same indica-
tions."” In the loss of substance of the supraclavicular
area, the needs for soft tissue often require the harvest-
ing of local, regional or distant flaps. In these indications,
it is often the musculocutaneous flaps such as the flap of
the pectoralis major muscle or the flap of the trapezius
muscle which are preferred to conventionnal propeller
perforator flaps. Traditionally, the musculocutaneous
flap of the pectoralis major and the deltopectoral flap
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Figure 3. Identification and dissection of the vascular territory (a) and perforators (b) of the deltoid branch of the thoracoacromial artery.

were the first choices in terms of reconstruction of the  site, with a lower morbidity of the donor site. The main
head and neck."" Unfortunately, functional and aes-  disadvantages of these two flaps concern a high rate of
thetic requirements limit their use today. Indeed, necrosis, the need for a skin graft to cover the donor site,
research is increasingly directed towards the flaps corre-  and a low rotation angle due to the short length of the
sponding exactly to the characteristics of the recipient —pedicle."" We also believe that these two flaps are not

Cranial

Clavicle [
Lateral * l > Medial

Deltopectoral Caudal  Clavicle
groove

Deltopectoral
groove

Cranial

Nipple

Lateral Medial Perforator flap based on Nipple
the deltoid branch of the
thoracoacromial artery
(direction of perforator
Caudal vessels in red)

Figure 4. Distribution of the perforator of the deltoid branch of the tho- Figure 5. Drawing of the perforator flap (range, 6-7 cm) based on the

racoacromial artery based on incidence. Blue: <40%; green: between deltoid branch of the thoracoacromial artery. R: long radius; r: small
40 and 70%; red: >70%. radius.
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Figure 6. Skin flap pedicled on the perforators of the thoracoacromial artery can be used to reach axillary (a) and cervical (b) regions.

Table 1
Summary of the findings in the 24 dissected specimens.

Min. Max. Average Dimensions Length of Arc of
Number of diameter diameter diameter of deltoid Length of pedicle after  rotation
Diameter deltoid of deldoid of deltoid  of deltoid branch’s  extrafascial transmuscular  from
of TAA  perforators perforators perforators perforators  perforasome pedicle dissection pivot
No Age Sex (mm) found (mm) (mm) (mm) (cm) (cm) (cm) point (°)  Side
1 72 M 2 2 0.8 1.2 1 9x5 1.5 6 180 L
2 72 M 2 3 0.5 1.5 1 7 %5 1.5 9 180 R
3 58 M 2 3 1 1 1 7 x5 1.5 10 180 L
4 58 M 1.5 2 0.8 1.3 1 5x9 2 8 180 R
5 63 M 2 2 1 1 1 7 %5 1.5 5 180 L
6 63 M 2.5 2 0.5 1 0.8 6x7 1.5 6 180 R
7 88 M 1 1 0.5 0.5 0.5 5x7 2 10 180 L
8 88 M 1 3 0.6 1.5 1.1 5x7 1.5 8 180 R
9 67 M 2 2 0.8 1.2 1 6x8 1.5 5 180 L
10 67 M 2 3 0.7 1 0.9 6x9 2 7 180 R
11 64 M 2 2 0.6 1 0.8 5x9 1.5 9 180 L
12 64 M 1.5 3 0.8 1 0.9 5x7 1 8 180 R
13 75 M 1.5 2 1 1.2 1.1 6x9 2 6 180 L
14 75 M 1.5 3 0.8 1.2 1 5x8 1.5 6 180 R
15 87 F 2 3 0.8 1.2 1 6x9 2.5 5 180 L
16 87 F 2 1 0.8 0.8 0.8 8x5 2.5 6 180 R
17 82 M 2.5 2 0.5 0.9 0.7 6x8 2 7 180 L
18 82 M 2.5 2 0.9 1.3 1.1 6x7 1.5 8 180 R
19 69 F 2.5 3 0.8 1.2 1 6x8 2 9 180 L
20 69 F 2 3 0.5 1 0.7 5x7 1.5 8 180 R
21 57 M 3 2 0.8 1 0.9 6x9 3 5 180 L
22 57 M 3 3 0.5 0.9 0.7 8x7 2.5 6 180 R
23 47 F 1.5 3 0.8 1.2 1 6x9 1.5 6 180 L
24 47 B 2 3 0.6 1.5 1.1 5x9 1.5 5 180 R

TAA: thoracoacromial artery.
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suitable for the most superficial tissue defect in the cer-
vical region, because of their excessive thickness.

The pedicled flaps on the musculocutaneous perfora-
tor arteries have several advantages compared to conven-
tional musculocutaneous flaps, in particular during
reconstructions in soft tissue defects of head and neck.”
The proximity of these flaps to the head and neck gives
them an additional advantage in filling tissue defects of
these regions (Figure 6). The absence of hair is also a
positive point. In this region, the pedicled flap on the
transverse cervical artery is the most used.” For many
years, the perforator flap of the transverse cervical artery
made easier filling in soft tissues defects of neck and face.
Indeed, it fulfills several reconstruction criteria including
proximity to the head, good technical flexibility during
its harvesting, as well as similarities with head and neck
in terms of hairiness, texture, coloring and thickness."
Compared to the perforator flap of the transverse cervi-
cal artery, our work shows that the perforator flap of the
deltoid branch of the TAA has excellent quality in addi-
tion to a long transmuscular pedicle (Figure 6). It spares
the deltoid muscle in all cases, which decreases the mor-
bidity of the donor site. The donor site can sometimes be
primarily closed (according to the flap size and shape) or
grafted. However, the perforator flap of the deltoid
branch of the TAA has not yet been the subject of

important anatomical studies to date.

10,11

According to Salmon,"*" the TAA is the main integu-
mentary artery in the anterior portion of the deltoid
region. It is divided in depth into two branches: one acro-
mial (the deltopectoral artery) and the other thoracic (or
pectoral). Our results are similar to those reported by
Thomas et al."”’ According to their study, the upper limb
presents on average 15 territories irrigated by 48 perfora-
tors. The average caliber of the perforators is 0.7 mm and
the perforasomes cover an average surface of 35 cm2. Our
work shows that the general orientation of the perforators
in the adipose tissue is oblique laterocaudally, parallel to
the deltopectoral groove, as stated by Salmon."” However,
for dissected specimens presenting 2 or 3 perforators, even
if the small branches have different orientations, they are
close to the oblique orientation described above. In our
dissection experience, the perforator flap based on the del-
toid branch of the TAA can be lifted craniocaudally on the
proximal part of the upper limb and placed on a recipient
site in a lateromedial position within the lateral triangle of
the neck, or in a caudocranial position within the anterior
cervical region (Figure 5). However, harvesting and plac-
ing the flap must respect its original orientation (cranio-
caudal or slightly oblique below and laterally according to

Salmon), the anatomical limits and the average flap
dimensions.

The drawing of the flap is therefore possible while
respecting the general orientation of the perforators of
the deltoid branch of the TAA, the anatomical limits of
the perforasome, and the point of origin of the terminal
branches of the TAA at the deltopectoral groove. When
we perform a retrograde dissection of the perforasome
and then the perforator while respecting the middle
third of the deltopectoral groove as a landmark, the pedi-
cle obtained from the deltoid branch of the TAA to its
axillary origin can measure up to 10 cm long. Despite the
fact that the deltoid branch of the TAA gives a constant
number of perforators which irrigate the subcutaneous
tissue and skin of the supero-anterior region of the upper
limb, none of these perforators is observed below the
horizontal line passing through the nipple and extending
over the arm. The perforasome irrigated by the deltoid
branch of the TAA is limited by: the horizontal line pass-
ing through the nipple caudally, the vertical line passing
through the insertion of the deltoid muscle laterally, the
anterior margin of the deltoid muscle medially, and the
apex of the flap lying near its pedicle, up to the middle
third of the deltopectoral groove. When dissecting this
flap, it is better to include the acromial branch of the
TAA and the territory assigned to it. Because the acro-
mial branch is always a daughter branch from the deltoid
branch as proved by our study. In addition, when it is
born early (a few millimeters after the birth of the del-
toid branch) it projects like its original branch against the
middle third of the deltopectoral groove. During dissec-
tions, our experience of harvesting and placing flaps
shows that, even if the vascular territory of the deltoid
branch covers in all cases the lateral triangle of the neck,
in 19 dissections out of 24 the anterior region of the neck
is easily accessible by this flap. In 5 cases the pedicle’s
length is insufficient. To reach cervical regions, a slow
and careful transmuscular dissection of the pedicle
should be performed.

The work of Hue et al."” shows that the deltoid flap
is taken from a vascular transition zone. In fact, the del-
toid muscle flap receives three vascular pedicles dividing
it into three regions. These pedicles are represented by
the deltoid branch of the TAA and the posterior and
anterior humeral circumflex arteries. In fact, it is com-
mon during the preparation of the deltoid muscle flap to
injure the collaterals of the TAA."" The arterial vascu-
larization of the deltoid muscle is organized as fol-
lows:™'” the posterior humeral circumflex artery pro-
vides the main vascular source, followed by the anterior
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humeral circumflex artery, then by the deltoid branch of
the TAA. The posterior humeral circumflex artery has
the largest caliber and constitutes the vascular base of the
muscular and musculocutaneous flaps of the deltoid.”"
However, in our work it appears that the deltoid branch
represents an important vascular source for the anterior
surface of the deltoid muscle.

For all our injections, the perforasome corresponding
to the deltoid branch of the TAA occupies only a part of
the skin corresponding to the deltoid muscle. For this
reason, the surgeon must take precautions when harvest-
ing this perforator flap.

We might think that the perforator flap based on the
deltoid branch of the TAA represents the perforator
variant of the deltoid muscle flap. Actually, the deltoid
branch of the TAA is only the smallest arterial source of
the deltoid muscle.” Besides, the cutaneous perforasome
corresponding to this deltoid branch covers only the
anterior part of the deltoid subcutaneous tissue and skin.
It would therefore be interesting to complete our work
with another anatomical study focusing on cutaneous
perforasomes from perforator branches of the posterior
and anterior humeral circumflex arteries. Another limi-
tation of our study lies in the fact that all the dissected
subjects are of Caucasian type. It would be interesting to
make our sample more consistent, by including other
races in order to compare these first results.

Despite the popularity of the perforator flap of the
transverse cervical artery in the correction of cervicofa-
cial tissue defects, the perforator flap of the deltoid
branch of the TAA can be used for the same indications.
But that requires a careful pedicle dissection. In our
experience, it could even be used for loss of pectoral or
back tissues. In practice, the surgeon has to perform a
preoperative localization of the perforators, using a CT
scan or a Doppler ultrasound.

Conclusion

The deltoid branch of the TAA gives several perforators
which supply the subcutaneous tissue and skin of the ante-
rior part of the deltoid region. These branches can be used
as a vascular base for harvesting perforator flaps within the
deltoid muscle, in order to fill in tissue defect from the lat-
eral triangle of the neck and the anterior cervical region.
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Abstract

Objectives: The hyoid bone occupies a strategic position and participates in vital functions. The aim of this study was to
examine the morphometry of the hyoid bone and define its location according to the vertebral level on 3D computed tomog-
raphy (CT) images.

Methods: This study was conducted using 3D-CT images of 216 patients (104 males, 112 females) aged between 10-98 years.
The vertebral level of the hyoid bone was determined for each decade. Furthermore, the anterior-posterior length of the hyoid
bone, the length and height of the greater horn, the height and width of the body, the distance between the posterior ends of
the greater horn, and the distance of the hyoid bone to the vertebral column and the angle between right and left greater horn
was measured.

Results: The hyoid bone was most commonly located at C3 and C2-C3 vertebral level in females (35.7%) and C3 in males
(38.5%). No statistically significant difference was found between right and left sides concerning the length and height of the
greater horn.

Conclusion: Knowing the radiological anatomy, morphometric properties and vertebral levels of the hyoid bone will con-
tribute to the surgical planning of this region and the hyoid bone. In addition, our study will provide data on the morpho-
metric properties of hyoid bone in forensic and anthropological research.

Keywords: greater horn; lesser horn; morphometry; computed tomography
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Introduction

The neck involves vital anatomical structures such as the
respiratory tract, arteries, veins, and nerves. Even a slight
blow to the neck region may threaten one’s health and
life. Neck injuries may lead to hemorrhage in the neck
muscles to fractures in the laryngeal cartilage and hyoid
bone that can cause sudden death."

The hyoid bone is located between the thyroid carti-
lage and the mandible in the anterior region of the neck,
usually at the level of the C3 vertebra.” It does not
directly make articulation with any bone. It has a body
and two protrusions called the greater and the lesser

horns.” The hyoid bone occupies a strategic position
and participates in important vital functions. It is inti-
mately connected to the larynx and plays a part in phona-
tion, respiration, speech, and swallowing.” The hyoid
bone also serves as an insertion point for swallowing and
respiratory muscles due to its position.” During the pha-
ryngeal phase of swallowing, the suprahyoid muscles
contract, and the hyoid bone moves forward under the
base of the tongue. Dysphagia, aspiration, and swallow-
ing disorders can be seen as a side effect of the treatment
of head and neck cancer with chemoradiotherapy result-
ing in decreased movement of the hyoid bone during
swallowing. This can cause impaired closure of airway

This study was an oral presentation in the 20th National Anatomy Congress, 27th-31st August 2019, Istanbul, Turkey.

deomed.


https://orcid.org/0000-0003-4568-8761
https://orcid.org/0000-0001-9027-7633
https://orcid.org/0000-0003-0252-9023
https://orcid.org/0000-0002-3504-5853
https://orcid.org/0000-0002-5552-8684
https://orcid.org/0000-0001-8438-8628

increasing the risk of aspiration.” Therefore, it is impor-
tant to know the morphometric characteristics and
topography of the hyoid bone to provide an ideal surgi-
cal approach and plan radiotherapy."”

The hyoid bone syndrome is characterized by sensitiv-
ity and pain around the greater horn of the hyoid bone.
The surgical removal of the greater horn is used for treat-
ment of hyoid bone syndrome.” Knowledge of the mor-
phometric characteristics and variations of the hyoid bone
is essential for the treatment of this syndrome.”

The hyoid bone fractures are regarded as the evi-
dence of drowning or hanging in forensic medicine."”
The hyoid bone fractures have been associated with
other injuries such as thyroid and cricoid cartilage frac-
tures, and cervico-spinal fractures. The hyoid bone frac-
tures are more common in males compared to females
since blunt trauma, firearm injuries, sports-related
injuries, falls, and attacks are more commonly seen in
males. However, the incidence of the hyoid bone frac-
tures is higher in females in relation to suicide attempts
by hanging. The hyoid bone fractures, which occur with
other bone fractures within head and neck fractures, are
observed at a rate of 1.15%. The ratio of isolated hyoid
bone fractures is as low as 0.002% among all head and
neck fractures. This ratio increases to 27-50% in cases
such as suicide by hanging.”

Since the topography of the hyoid bone varies in
between individuals, the location and morphometric
characteristics of the hyoid bone should be known while
evaluating this bone. Therefore, in this study, it was
aimed to determine the location of the hyoid bone
according to vertebral level, to examine its morphome-
try, to determine its distance to the vertebral column and
to make a comparison between decades on three-dimen-
sional computed tomography 3D-CT) images.

Materials and Methods

This study was conducted on 3D-CT images of 216
patients (104 males, 112 females) between 10 and 98 years
of age. The patients were admitted to the hospital for any
other reason rather than complaints or pathologies in the
neck region. The age groups were divided into decades,
including 2nd decade (10-19 years), 3rd decade (20-29
years), 4th decade (30-39 years), 5th decade (40-49 years),
6th decade (50-59 years), 7th decade (60-69 years), 8th
decade (70-79 years), 9th decade (80-89 years), and 10th
decade (90-98 years). The cases in the first decade (0-9
years) were not included in the study because the hyoid
bone ossification was not completed yet and could be mis-
leading for measurements.
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"The images were obtained from our hospital’s “Image
Picture Archiving and Communication System.”
Multislice spiral CT scans were obtained with a multide-
tector 128 slice SOMATOM Definition AS Siemens
(Siemens Healthcare, Erlangen, Germany) CT using the
following parameters: 120 kV, effective mAs=143 maAs,
slice thickness=1 mm, matrix=512x512, collimation=
128x0.6 slice increment=0.7 pitch=0.8 FOV (Field of
View) (250-300). A 3D reconstruction was created from
scanned images using RadiAnt DICOM Viewer (Version
2020.1; Swansea, UK) programme.

The landmarks and parameters used for the measure-
ments are presented in Table 1. While the angle between
right and left greater horn was measured by the Image] pro-
gram (Public Domain, BSD-2), other parameters were
measured by RadiAnt DICOM Viewer (Version 2020.1;
Swansea, UK) program. Our measurements were per-
formed from the superior for the A, B, C, H, and o param-
eters, from the anterior for the F and G parameters, from
the right lateral for the D parameter, and from the left lat-
eral for the E and I parameters (Figures 1, 2 and 3).

While determining the vertebral level of the hyoid
bone, we draw two lines parallel to the long axis of the
hyoid bone from the top and bottom points on the left lat-
eral side of the hyoid bone to the vertebral column so that
the position of the head would not change the vertebral
level. The point where these lines corresponded to the
body of the vertebra was considered as the vertebral level
(Figure 3). While measuring the distance of the hyoid
bone to the vertebral column, we measured the shortest
distance of the hyoid bone to the left lateral side of the ver-
tebral column (Figure 3). Finally, we measured the angle

Table 1
Landmarks and parameters used for measurements.

Landmark/parameter

Anterior-posterior lenght of the hyoid bone

Lenght of the greater horn (right)

Lenght of the greater horn (left)

Height of the greater horn (right)

Height of the greater horn (left)
Width of the body of the hyoid bone
Height of the body of the hyoid bone

I oM mMoOoN|m >

The distance between the midpoints of the posterior ends of the
greater horn of the hyoid bone

The distance of the hyoid bone to the vertebral column (The distance
from the greater horn's posterior end to the vertebral column on the
line drawn parallel to its long axis)

a (°) Angle of right and left greater horn (The angle between greater horn
by connecting the lines passing through the midpoints of the anterior
and posterior ends of the greater horn)

‘o’ symbolizes angle, other measurements are in milimeters.
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Figure 1. (a, b) Superior views. (c) Right lateral view. (d) Left lateral view. A: anterior-posterior lenght of the hyoid bone; B: lenght of the greater
horn (right); C: lenght of the greater horn (left); D: height of the greater horn (right); E: height of the greater horn (left).

between right and left greater horn by connecting the lines  increase the sensitivity for the measurements, the parame-
passing through the midpoints of the anterior and posteri-  ters were measured twice by two different researchers and
or ends of the greater horn (Figure 2c¢). In order to  the average of the two values was reported.

Figure 2. (a, ¢) Superior views. (b) Anterior view. F: width of the body of the hyoid bone; G: height of the body of the hyoid bone; H: the distance
between the posterior ends of the greater horn; a:: angle between right and left greater horns.
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Figure 3. Left lateral view. I: the distance of the hyoid bone to the ver-
tebral column. The lines used to determine the vertebral level of the
hyoid bone are shown in red.

Statistical analyses were performed using the IBM
SPSS Statistics for Windows (Version 20.0, Armonk, NY,
USA). Frequency analysis was performed to determine the
frequency of the vertebra level for each decade and both
genders. The averages and standard deviations of all
parameters by decades and genders were determined. In
pairwise comparisons, the independent samples T-test
was used for normally distributed data, while the
Mann—Whitney U test was used for non-normally distrib-
uted data. Kruskal-Wallis test was used for comparison
between the decades, because more than two independent
groups were which were not normally distributed. The
significance level was taken as p<0.05.

Results

The vertebral level of the hyoid bone among genders are
presented in Table 2, and the minimum, maximum values,
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and averages of the mesurements are presented in Table
3. The most common vertebral levels were C3 and C2-C3
in females by 35.7% and C3 in males by 38.5%, respec-
tively, and the rarest vertebral levels were between C1-C2
and C4-C5 in females by 0.9% and C5 in males by 0.9%.
The average distance of the hyoid bone to the vertebral
column was higher in males compared to females,
although it was not statistically significant. No statistically
significant difference was found between genders concern-
ing the angle between right and left greater horns () and
the distance of the hyoid bone to the vertebral column (I)
(Figure 3). In other parameters, the values in males were
statistically significantly higher (p<0.05) (Table 4). The
length and height of the greater horn on the right and left

sides had no statistically significant difference.

The frequency of vertebral levels by decades is pre-
sented in Table 5, and the comparison of morphometric
measurements by decades is presented in Table 6. The
vertebral level of the hyoid bone was getting lower as the
age increased. In the comparison between the decades, a
statistically significant difference was found between some
decades for other parameters except for the parameters of
the distance of the hyoid bone to the vertebral column (I)
and the angle between right and left greater horn (o)
(Table 6).

Discussion

There is a limited number of studies examining the mor-
phometry and position of the hyoid bone according to the
vertebral level. The possibility that the hyoid bone frac-
tures may damage vital anatomical structures due its posi-
tion, thus, any study on hyoid bone will be important."”
The hyoid bone fracture is a clinical condition that is dif-
ficult to diagnose and can usually be overlooked. If the
hyoid bone fracture is clinically suspected in a patient with

Table 2
Frequency and percentages of vertebral levels by gender.

Frequency Percentage (%) Frequency Percentage (%) Frequency Percentage (%)
Vertebral level (female) (female) (male) (male) (total) (total)
c1-C2 1 0.9 1 0.5
(@ 4 3.6 4 1.9
c2-C3 40 35.7 18 17.3 58 269
a 40 35.7 40 38.5 80 37.0
C3-C4 18 16.1 30 28.9 48 22.2
c4 8 7.1 10 9.6 18 8.3
C4-C5 1 0.9 5 438 6 2.8
cs5 1 0.9 1 0.5
Total 112 100 (%) 104 100 (%) 216 100 (%)
C: cervical vertebra.
Anatomy e« 15 1 2021
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Table 3
Minimum-maximum and average values of the measurements.

1st researcher

2nd researcher

Measurements n (mean) (mean) min max mean+SD

A 216 37.4 35.5 23.9 49.7 36.45+4.71

B 216 29.14 27.3 15.4 40.8 28.22+3.87

C 216 29.36 26.4 16.2 39.0 27.88+3.84

D 216 8.02 8 1.00 10.73 8.01+£2.20

E 216 822 7.8 1.02 10.77 8.01+1.84

F 216 22.61 23.03 12.3 33.8 22.82+3.77

G 216 9.96 9.9 713 10.59 9.93+0.61

H 216 40.3 39.5 22.4 58.0 39.9+5.79

| 216 4.45 4.65 .00 10.74 4.55+3.22
a(°) 216 37.31 37.45 .00 64.04 37.38+9.30

‘o’ symbolizes angle, other measurements are milimeters.
Table 4
Comparison of parameters by gender.

Gender n A B C D E F G H | a(?)
Male 104 39.01£4.54  29.64+3.93 29.34+£399 8.68+2.04 855+£1.48 25.08+£3.29 10.18+0.34 42.45+587 4.78+3.22 36.42+9.24
Female 112 34.08+3.47  26.90+3.32 26.52+3.15 7.38+2.17 7.51£2.01 20.73+2.88 9.70+0.61 37.52+4.59 4.34+3.21 38.27+9.31
p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.315 0.143

‘a’ symbolizes angle, other measurements are milimeters.

a neck injury, the diagnosis should be confirmed by CT,
laryngoscopy, and surgical examination.""

In previous studies, it has been reported that the verte-
bral level of the hyoid bone is generally between the
C2-C3 vertebra until the age of 10 and between the
C3-C4 vertebra in adulthood. However, some studies

reported that the position of the hyoid bone did not differ
between genders."*"”

In this study, the vertebral level of the hyoid bone was
getting lower as the age increased (Table 5). The most
common vertebral levels were C3 and C2-C3 in females
by 35.7% and C3 in males by 38.5%, respectively, and the

Table 5
Vertebral level frequency according to decades.

Frequency
Decade -2 (@) 2-C3 a C3-c4 ca c4-C5 s n
2nd = 2 10 17 10 = 1 = 40
3th = = 3 7 1 = = = 11
4th - 1 9 14 6 2 - - 32
5th 1 = 7 14 9 2 1 - 34
6th - 1 5 10 8 5 1 - 30
7th - - 10 6 4 1 2 - 23
8th - - 6 6 4 3 1 - 20
9th - - 7 3 5 3 - - 18
10th - - 1 3 1 2 - 1 8
Total 1 4 58 80 48 18 6 1 216

C: cervical vertebra.
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Table 6
Comparison of measurements by decades.
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Decade N (216) A B C D E F G H | o (°)

2nd 40  33.34+4.83 2473419  24.02+365 6.92+150 6.87+1.39 19.69+3.01  9.45+0.85 38.01+5.64 520+2.96 38.19+8.78
3th 11 3541+4.05  27.75+2.93 27.82+3.15  7.70+£1.49 7324182 2194+3.20 9.38+0.78 38.89+5.56  3.86+3.47 34.75+8.67
4th 32 36.69+4.03  2854+334  2843+3.10 7.66+2.83 825140 22.82+3.51 9.93x0.53 38.74+5.44  4.18+3.12 34.07+10.67
5th 34  37.25+#478  29.33+#3.84  28.62+3.39 891£1.36  859+£153 2357+3.85 10.05+046 41.30+£548 3.76+2.84 38.78+7.62
6th 30 3859+4.18  29.57+2.62 29.62+3.25 838+249  823+198 2463+3.78 10.08£0.37 41864561 4.85+£3.33 36.92+10.84
7th 23 36.52+527  28.71£3.25  2851+3.75 8.13+2.33 7.77+2.73  24.08+3.74 10.09£0.54  39.95+4.95 4.12+2.97 38.08+8.75
8th 20 39.01+3.91 30.52+2.65  30.68+2.99 8.47+2.77  9.11£1.58 24.62+3.28 10.23+0.18 41.57+7.64 5.46+3.81 38.27+8.60
9th 18  35.05+3.38  27.81+3.25  27.30+£3.10 7.72+¢2.07 841+1.64 21.70£1.92 10.19£0.09 38.24+457 5.14+3.69 39.96+8.00
10th 8 37.72+3.70  28.96+2.16  27.85+2.51 9.12+0.93 7.49+£1.18  2420+3.50 10.23£0.17 41424683 3.66+3.53 35.90+12.63
p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.028 0.472 0.313

‘o’ symbolizes angle, other measurements are milimeters. A: difference between groups (2.-5., 2.-6., 2.-8. decades); B: difference between groups (2.-4., 2.-5., 2.-6.,
2.-7.,2.-8. decades); C: difference between groups (2.-4., 2.-5., 2.-6., 2.-7., 2.-8. decades); D: difference between groups (2.-5., 2.-6., 2.-8. decades); E: difference
between groups (2.-4., 2.-5., 2.-6., 2.-8. decades); F: difference between groups (2.-4., 2.-5., 2.-6., 2.-7., 2.-8. decades); G: difference between groups (2.-5., 2.-6.,

2.-7.,2.-8.,2.-9., 3-8, decades); H: difference between groups (2.-6. decades).

rarest vertebral levels were between C1-C2 and C4-CS in
females by 0.9% and C5 in males by 0.9% (Table 2).

The respiratory pattern and orthodontic treatments
change the normal position of the head and the position of
the hyoid bone. These changes in the position of the
hyoid bone bring swallowing and respiratory problems.
The hyoid bone is said to be more distant from the verte-
bral column in individuals with swallowing disorders."*"
It was indicated that the distance of the hyoid bone to the
cervical vertebra remained constant until puberty and that
the hyoid bone moved away from the vertebra with age."”
Sahin Saglam and Uydas," found a significant difference
between genders in the distance of the hyoid bone to the
vertebral column. In this study, we did not find a signifi-
cant difference between the decades and genders in the
distance of the hyoid bone to the vertebral column.

As a result of our measurements, the average distance
of the hyoid bone to the vertebral column was higher in
males compared to females, although it was not statistical-
ly significant. We consider that the reason for this may be
the fact that the laryngeal prominenceis more prominent
in males and slightly brings the hyoid bone forward
through the thyrohyoid ligament. Studies have shown that
the size of the hyoid bone is statistically significantly
smaller in women than in men."™"" The differentiation of
the hyoid bone morphometry between genders con-
tributes to the determination of gender in forensic medi-
cine.”"” The present study revealed that the size of the
hyoid in females is significantly smaller, except for the dis-
tance of the hyoid bone to the vertebral column and the
angle between right and left greater horns (Table 4). We
observed that there were statistically significant differ-

ences in some parameters when compared between the
decades (Table 6). We consider that the reason why 3rd
and 4th decades were the decades when the angle between
right and left greater horn was the narrowest was the con-
sequent ossification of the laryngeal cartilage with age
resulting in narrowing of the thyroid angle (Table 6).

The studies on the morphometric characteristics of the
hyoid bone and comparisons of the studies between gen-
ders are presented in Table 7. The fact that we obtained
very close results with the studies using cadaver as a mate-
rial also indicates that the measurements performed on
3D-CT images are very close to reality. We suggest that
3D-CT can make a significant and detailed contribution
to morphological and morphometric analysis in the evalu-
ation of the hyoid bone, especially in forensic medicine.

"This study had several limitations. First, the nature of
the study was retrospective. Second, because the study was
retrospective, the movement of the hyoid bone in situa-
tions such as breathing, speech, and swallowing could not
be defined and the parameters could not be measured in
these positions. Thirdly, the study had a relatively small
sample size.

Conclusion

Although the importance of the hyoid bone has been
understood over the years, the studies examining its radio-
logical anatomy and vertebral level are limited. CT is a
useful imaging method to evaluate the normal anatomy of
the bone and to recognize complications that may occur
after the hyoid bone fracture and radiotheraphy, both in
forensic medicine and in clinical practice.

Anatomy e Volume 15 / Issue 1/ April 2021



Dursun A et al.

50

9w Al ‘9[eWwd} o ‘SISIBWI|IW dJe SUSWSINSEIW JYI0 ‘Djbue SazI|ogquiks o,

LEGFLTBE  LTEFVEY  6SVFCSLE  L90F0L6  88TFELOC  LOTFLSL LLTFSEL SLEFISIC  TEEF06'9C LY EFB0VE (wiw) 4
9Lz 0207 1D
VUEFCY9E  TTEFBLY  [8SFSYTY  YEOFBLOL  6TEFBOST 8P LFSS8  YOTFEI8 66 EFVE6T  E6EFYI6C VS TFLOGE (wiw) N
Apnis JnQ
9EPFISLE  BOEFILYL Y8 TFRTST LLYF6L7T  LLYF6LYT  7S9F86'8E (wiw) 4
= = = = 09 910z  Jeneped
€09FLE LY  SBTFSESL  TTYFISIT 0SVFry'ST  ESPFLIGT LLYFS 6 (ww) N
©PNHO a7 zndoy
L6°0LF60 71 69'GF19'8E ST TFS6'8L GL'EF0S ZE (wiw) 4
- - = - = = 08l €107  Janeped
€6'€1¥8/'8E 95 [F6T T 9L'TFLTTT 96'€¥30'6€ (ww) N
@@ 39 Aiyyjey
8V LLFET EY LLOL ¥ [¥'8E 96'€F1L£°0C SLYFISLE PP YFCELE  L0'G F99°8€E (ww) 4
= - - - G8  €l0T  Joneped
98'8FS 'S LE'L ¥ 0SSP LY €F05°2C OV EFLLEE  T8EF6ESE €0S F oY (ww) N
'@ 39 15eqepO-uanas|eg
€6'LFIPEC  LLEFSS'SE  TTLFSL6 0S'LF26'ST LL'7FT6'LE (ww) 4
- = - = 05 7loz  Jeneped
LVTFL69C  STYFIS LY  VLOFYELL L¥'7F00°0E S6'CFIYLE (ww) N
wheAypedoydiniy
07'7F0L°02 91°1¥8L 7l LO'EF9E° /T 79°€F0°EE (Ww) 4
= = = = = 86€  0LOZ auoqhig
LETFIL YT 9L’ LFzL 0L Z0°€¥86°0€ 79°€¥09'LE (ww) N
0’8 33 Ynydspuryy
T6LFE6L TILFYLE TIFLL Y IF T £6¥0'8C L0LF9°LT 99¥F6'€€E (Ww) 4
= = = G8 9007  Joneped
0vLF8'LE €ULFS Y 9LFSL S TF09C £/FS€EE 09F8vE TEFL6E (ww) N
wzr’|B 39 Wi
89 VLFOT YT ¥'9¥S 01 TYFLEC 0'GF9€T (Ww) 4
= = = = = = 0/  S00z auoqAig
LSELFLTST L'9¥8'SY 8EFE 6L 9 EFY 67 (ww) N
0zr'|B 39 UBSY
0 1 H b) 4 3 a b} q v u Jeap  [enslelN Apms

“J19puab Jo uosiledwod pue auoq ploAY 4o saiuadold duiawoydiow uo Salpnis

L 319elL

Anatomy e Volume 15 / Issue 1 7 April 2021



Conflict of Interest

"The authors declare that they have no conflict of interest.

Author Contributions

AD: project development, data collection, data analysis,
manuscript writing; MA: data collection, data analysis, man-
uscript writing; VAA: data collection, data analysis, manu-
script writing; YK: data analysis, manuscript writing, manu-
script editing; KO: data analysis, manuscript writing, manu-
script editing; SA: manuscript writing, manuscript editing.

Ethics Approval

Approval was obtained from the Clinical Research Ethics
Committee of Siileyman Demirel University, Faculty of
Medicine (Date: 06/25/2019, Decision No: 200).

Funding

"This research received no specific grant from any funding
agency in the public, commercial, or not-forprofit sectors.

References

1. Soerdjbalie-Maikoe V, Van Rijn RR. Embryology, normal anatomy,
and imaging techniques of the hyoid and larynx with respect to
forensic purposes: a review article. Forensic Sci Med Pathol 2008;4:

132-9.

2. Mukhopadhyay PP. Determination of sex from an autopsy sample of
adult hyoid bones. Med Sci Law 2012;52:152-5.

3. Fakhry N, Puymerail L, Michel J, Santini L, Lebreton-Chakour C,
Robert D, Giovanni A, Adalian P, Dessi P. Analysis of hyoid bone
using 3D geometric morphometrics: an anatomical study and discus-
sion of potential clinical implications. Dysphagia 2013;28:435-5.

4. Auvenshine RC, Pettit NJ. The hyoid bone: an overview. Cranio
2020;38:6-14.

5. Kraaijenga SAC, van der Molen L, Heemsbergen WD,
Remmerswaal GB, Hilgers FJM, van den Brekel MWM. Hyoid
bone displacement as parameter for swallowing impairment in
patients treated for advanced head and neck cancer. Eur Arch
Otorhinolaryngol 2017;274:597-606.

6. Stern N, Jackson-Menaldi C, Rubin AD. Hyoid bone syndrome: a
retrospective review of 84 patients treated with triamcinolone ace-
tonide injections. Ann Otol Rhinol Laryngol 2013;122:159-62.

7. Bhide AR, Dehadray AY. Excision of the greater cornu of the hyoid
in hyoid syndrome. Auris Nasus Larynx 1980;7:1-6.

ORCID ID:

A. Dursun 0000-0003-4568-8761; M. Ayazoglu 0000-0001-9027-7633;

V. A. Ayyildiz 0000-0003-0252-9023; Y. Kastamoni 0000-0002-3504-5853;
K. Ozturk 0000-0002-5552-8684; S. Albay 0000-0001-8438-8628

deomed.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Morphometry of the hyoid bone 51

Kasprzak H, Podbielska H, von Bally G, Fechner G. Biomechanical
investigation of the hyoid bone using speckle interferometry. Int J
Legal Med 1993;106:132-4.

Sawatari Y, Alshamrani Y. Oral and maxillofacial surgery cases con-
current hyoid bone fracture associated with multiple facial fractures
secondary to assault: case report and review of literature. Oral and
Maxillofacial Surgery Cases 2019;5:100119.

Bolath G, Dogan NU, Fazhogullar1 Z, Kivrak AS, Uysal i,
Karabulut AK, Paksoy Y. The evaluation of variations of the hyoid
bone with multidetector computerized tomography. Tropical Health
and Medical Research 2020;2:1-8.

Samieirad S, Rayeni AS, Tohidi E. A rare case of hyoid bone fracture
concomitant with a comminuted mandibular fracture. ] Maxillofac
Oral Surg 2020;19:40-3.

Bibby RE, Preston CB. The hyoid triangle. Am J Orthod 1981;80:
92-7.

Ceylan I, Gunnar A. The Study of the natural head and hyoid bone
positions of the subjects having different vertical facial development.
Turkish Journal of Ortodontics 1995;8:165-71.

Cleal CF. Deglutition: a study of form and function. Am J Orthod
1965;51:566-94.

Durzo CA, Brodie AG. Growth behavior of the hyoid bone. Angle
Orthod 1962;32:193-204.

Sahin Saglam AM, Uydas NE. Relationship between head posture
and hyoid position in adult females and males. J Craniomaxillofac
Surg 2006;34:85-92.

Pollanen MS, Ubelaker D. Forensic significance of the polymor-
phism of hyoid bone shape. J Forensic Sci 1997;42:890-2.

Shimizu Y, Kanetaka H, Kim YH, Okayama K, Kano M, Kikuchi M.
Age-related morphological changes in the human hyoid bone. Cells
Tissues Organs 2005;180:185-92.

Kindschuh SC, Dupras TL, Cowgill LW. Determination of sex
from the hyoid bone. Am J Phys Anthropol 2010;143:279-84.
Leksan I, Marciki¢ M, Nikoli¢ V, Radi¢ R, Selthofer R.
Morphological classification and sexual dimorphism of hyoid bone:
new approach. Coll Antropol 2005;29:237-42.

Kim DI, Lee UY, Park DK, Kim YS, Han KH, Kim KH, Han SH.
Morphometrics of the hyoid bone for human sex determination from
digital photographs. J Forensic Sci 2006;51:979-84.
Balseven-Odabasi A, Yalcinozan E, Keten A, Akcan R, Tumer AR,
Onan A, Canturk N, Odabasi O, Dinc AH. Age and sex estimation
by metric measurements and fusion of hyoid bone in a Turkish pop-
ulation. ] Forensic Leg Med 2013;20:496-501.

Kopuz C, Ortug G. Variable morphology of the hoyid bone in
Anatolian population: clinical implications — a cadaveric study.
International Journal of Morphology 2016;34:1396-403.

Correspondence to: Mehtap Ayazoglu, PhD(c)

Department of Anatomy, Faculty of Medicine, Stleyman Demirel University,
Isparta, 32260, Turkey

Phone: +90 246 211 33 07

e-mail: ayazoglumehtap@outlook.com

Conflict of interest statement: No conflicts declared.

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs 4.0 Unported (CC BY-NC-

ND4.0) Licence (http://creativecommons.org/licenses/by-nc-nd/4.0/) which permits unrestricted noncommercial use, distribution, and reproduction in any
medium, provided the original work is properly cited. How to cite this article: Dursun A, Ayazoghu M, Ayyildiz VA, Kastamoni Y, Oztiirk K, Albay S. Morphometry

of the hyoid bone: a radiological anatomy study. Anatomy 2021;15(1):44-51.

Anatomy e Volume 15 / Issue 1/ April 2021



Original Article

///////////////////////////////////

dl1dLO11Y

https://dergipark.org.tr/tr/pub/anatomy
Received: December 10, 2020; Accepted: March 22, 2021
doi:10.2399/ana.21.829636

An International Journal of Experimental and Clinical Anatomy
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Abstract

Objectives: The objective of the study was to reveal the reversal of histo-morphological changes in mice liver induced by
combined isoniazid-rifampicin (INH-RIF) therapy with sildenafil treatment.

Methods: Twenty-one mice weighing between 25-35 g were enrolled in the study. Randomisation was carried out by simple
balloting method. The selected mice were sorted into three groups with 7 mice, each group. In group C (n=7) control group,
mice were administered 0.4ml of saline per kg body weight daily intra peritoneally for 21 days. In group R (n=7) INH-RIF group,
rifampicin (50 mg/kg) and isoniazid (50 mg/kg), dissolved in 4 ml/kg isotonic saline, were administered intra-peritoneally (ip) daily
for 21 days. In group S (n=7) sildenafil administered group, 10 mg/kg sildenafil was given orally by gastric gavage on daily basis
along with the intraperitoneal injection of INH-RIF (50 mg/kg each) daily for 21 days.

Results: Histopathology revealed hepatotoxicity in group R (INH-RIF), while significant improvement was observed in group C

(INH-RIF-sildenafil).

Introduction

Tuberculosis (TB) remains one of the leading causes of ill-
ness and death worldwide including Pakistan."" WHO still
considers isoniazid-rifampicin (INH-RIF) combination
therapy as a basic pillar of anti-tuberculous therapy.” INH
when administered in an inactive form is activated by the
catalase-peroxidase enzyme in Mycobacterium tuberculosis
known as KatG which results in mycolic acid synthesis inhi-
bition. Toxic effects of INH are mediated by its metabolites
hydrazine and acetyl hydrazine produced by acetyltrans-
ferase followed by oxidation by cytochrome p450 to form
hepatotoxic metabolites.”” RIF causes unconjugated hyper-
bilirubinemia. When given in combination, RIF accelerates
INH metabolism producing toxic metabolites resulting in
pathological changes in mice liver.”

As per literature antitubercular drug induced hepato-
toxicity varies from 2-28%, and 11% of patients. About
20% of patients receiving combined therapy results in

deomed.

Conclusion: Sildenafil citrate possesses hepatoprotective role against INH-RIF induced hepatotoxicity.
Keywords: hepatotoxicity; histomorphology; INH-RIF; oxidative stress; sildenafil citrate
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asymptomatic elevation of liver enzymes. Studies have
shown raised levels of alanine aminotransferase (ALT) and
aspartate transaminase (AST) as markers of hepatotoxicity.
A rise in ALT and AST values 3-4 times of the normal
range with nausea, vomiting, pain abdomen, tiredness and,
jaundice is considered as evidence of acute hepatic toxici-
ty.”” Hepatic histologic alterations were revealed in a qual-
itative histological animal study treated by INH-RIF.*”
Hepatocytes were enlarged having an abundance of
eosinophilic cytoplasm and signs of vacuolization.
Sinusoids were dilated with a large number of erythrocytes
in the lumen. Central veins showed dilatation and conges-
don. In another study, the mechanism of liver injury sec-
ondary to combination therapy of INH-RIF was studied in
rats in which the liver showed portal triaditis and micro-
vascular fat deposition."

The literature revealed increase oxidative stress in
INH-RIF therapy which was evident from a decrease in
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the levels of glutathione superoxide dismutase, glu-
tathione peroxidase, and glutathione-S-transferases.
Both the altered profile of antioxidant enzymes and
increased lipid peroxidation pointed towards the patho-
genesis. Fulminant hepatic failure can be one of the
worst complications of combination therapy.”

Sildenafil citrate is a phosphodiesterase inhibitor that
was approved initially for erectile dysfunction and pul-
monary hypertension."” Recently literature revealed that
sildenafil inhibits oxidative stress as well as lessens
inflammatory changes."" The hepatoprotective role of
sildenafil has been observed in thioacetamide-induced
liver fibrosis as well as deranged liver function tests."”
Paracetamol is one of the known hepatotoxic drugs and
was administered in Wister rats along with sildenafil it
was found that phosphodiesterase 5 inhibition has a pre-
ventive role in paracetamol- induced liver injury."” In
another related study by Ayman et al.,"" the protective
role of sildenafil in cisplatin-induced nephrotoxicity was
manifested by improvement in renal function tests
(RFTs) as well as reversal of histological changes in rats
kidneys. There is evidence that sildenafil has an impor-
tant protective role in oxidative stress-related cardiac,
lung, and kidney injuries, but data is very much scarce
regarding the role of sildenafil in liver injury in both bio-
chemical as well as histological aspects, therefore this
experimental study has been designed in a mouse model
to find out the hepatoprotective role of sildenafil, in the
face of combined INH-RIF therapy.

Materials and Methods

This study was conducted in Anatomy Department of
Khyber Girls Medical College Peshawar in collaboration
with Pakistan Council of Scientific and Industrial
Research (PCSIR) laboratories of Peshawar. Total dura-
tion of study was six months. Thirty-one healthy male
albino mice seven mice in each group of 6-8 weeks age
were bought from Veterinary and Research Laboratories
of Khyber Pakhtunkhwa Peshawar. Sample size was calcu-

lated by a formula which is E = total number of animals -
total number of groups, where E is the degree of freedom
and its value should lie between 10 and 20. So, E =21 -3
= 18. The surplus 10 mouse were kept as a reserve using
attriion formula. Simple random sampling was per-
formed by balloting method into three different groups.
Mice of 6-8 weeks age having 25 to 30 g weight were
included whereas inactive and deformed mice were
excluded. The mice were purchased from Veterinary
Research laboratories Peshawar, weighing 25-35 g and
housed in the animal house of PCSIR. They were kept in
12 hours light / 12 hours dark cycle at temperature of
(23+2°C) for one week to be acclimatized. The mice in
each group were numbered. The dosage was standardized
according to international protocols of study of drugs in
the animals. At the commencement of the research, the
general physical examination (GPE) of the mice were
done and it was ensured that all the mice were healthy and
without any apparent deformity. All the animals were
weighed by electronic animal weighing scale before the
commencement and before culling of mice. All the
weights of mice were recorded.

Two groups of drugs that are INH-RIF and
Sildenafil citrate dose calculation and solution prepara-

tion was done in the Anatomy Department of Khyber
Girls Medical College (Table 1).

The groups were as follows:

Group C (n=7): The control group were adminis-
tered 0.4 ml of saline per kg of body weight daily intra
peritoneal for 21 days.

Group R (n=7): In group R, rifampicin (50 mg/kg)
and isoniazid (50 mg/kg), dissolved in 4 ml/kg isotonic
saline, was administered intraperitoneally (i.p.) daily for
21 days.

Group S (n=7): In group S 10 mg/kg sildenafil was
given orally by gastric gavage on daily basis along with
the intraperitoneal injection of INH-RIF (50 mg/kg
each) daily for 21 days.

Table 1
Details of administered antitubercular drugs (dosage, strength and supplier).

Chemical Physical state Strength Supplier Use Dose
Saline Solution 500 ml Otsuka Group C 4 mlkg
Sildenafil Tablets 50 mg Pfizer Group S 10 mg/kg
INH Tablets 300 mg TB control board Group R

Group S Rl
RIF Tablets 300 mg TB control board Group R

Group S 50 mg/kg

Anatomy e Volume 15 / Issue 1/ April 2021
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Table 2
Necrosis and inflammation scores by modified Knodellar index.

Piecemeal Confluent Focal lytic necrosis, Portal
necrosis(A) Score necrosis (B) Score apoptosis (C) Score inflammation (D) Score
Absent 0 Absent Absent 0 None 0
Mild (focal, few 1 Focal confluent One focus or less 1 Mild, some or all 1
portal areas) necrosis per10x objective portal areas
Mild/moderate (focal, 2 Zone 3 necrosis in 2-4 foci per 10x 2 Moderate, some or 2
most portal areas) some areas objective all portal areas
Moderate (cont around 3 Zone 3 necrosis in 5-10 foci per 10x 3 Moderate/marked, 3
<50% of tracts or septa) most areas objective all portal areas
Severe (cont around 4 Zone 3 necrosis+occasional More than ten foci per 4 Marked, all portal 4
>50% of tracts or septa) portal-central bridging 10x objective areas

Zone 3 necrosis + multiple portal- 5/6

central bridging/panacinar necrosis

Animals were culled on day 21. Anaesthesia was
administered by chloroform-soaked cotton, placed in
50ml conical plastic tube. As per laboratory animals dis-
section protocols, all the animals were dissected by cen-
tral incision. Livers were retrieved and weighed one by
one. The livers from mice were preserved in 10% neu-
tral buffered formalin solution. The tissue samples were
transported to the histopathology section of PCSIR labs.

After fixation in 10% formalin solution, the cassettes
of cut liver were placed in the tissue processor. Tissue
sections were cut. Liver tissue was stained with hema-
toxylin eosin stain. All the slides were studied under the
light microscope according to modified Knodellar crite-
ria to observe quantitative and qualitative histological
features of the mouse liver to differentiate the changes
occurred in different groups of mice (Table 2).
Microscopy was done for each group of mice with 10x
and 40x lenses of microscope for the detailed observa-
tion.

Results

Before the start of research all the mice in groups C, R and
S were completely active having sharp response to touch

stimuli whereas at the completion of 21 days, the mice in
group R were having sluggish response to touch stimuli as
compare to other two groups (groups C and S).

The mean weight of mice before and after experi-
ment was calculated and t test was applied (Table 3).
There was no statistically significant change in between
weights before treatment and after treatment in any of
the three groups (Df=6, p<0.05; 2-tailed). When Tukey
post hoc test was applied there was no significant weight
change in between groups C, R and S (Table 3).

The mean absolute weight of liver ranged from min-
imum 1.5 g for group C to maximum 1.86 g for group R
(Figure 1). No statistical significant difference between
absolute liver weights was found in different groups
except groups C and R (p=0.02).

Histological variables

Mean Knodellar score was calculated, ranging from mini-
mum 5 in groups C and S to maximum score 10 in group
R (Figure 2). One-way ANOVA evaluated the degree of
variance between groups and within groups, which was sig-
nificant (p=0.000). Post-hoc Tukey test showed the signifi-

Table 3
Mean weight of mice before and after treatment.

Groups Mortality (n) Body weight before treatment Body weight after treatment Paired sample test ~ Anova/Post-hoc Tukey
Control 077 28.7+2 g 28.1+2 g 0.231 C=R
INH-RIF 077 27.5+2 g 2711 g 0.289 R=S
INH-RIF-sildenafil 077 28.7+2 g 28.1+3 g 0.231 (@S]

Paired t test p=0.05; Post-hoc Tukey p=0.05.
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cant difference between the mean Knodellar score in all
three treated groups. Significant increase was found in the
mean Knodellar score in group R as compare to group C,
whereas a significant decrease was noted in group S as com-
pare to group R. The score was equal in between groups C
and S, which potentiates our alternate hypothesis.

In order to check qualitative variables (ordinal data)
Kruskal Wallace test was applied to show association
between histological changes in liver like piece meal
necrosis, confluent necrosis, focal lytic necrosis and portal
inflammation with type of administered drugs assuming
significant (p<0.05) (Table 4).

Moreover, the histological changes occurred in all the
three groups were compared individually with each other
in order to see whether the effect of sildenafil on histo-
morphological changes in liver is significant or not. For
this reason, Mann-Whitney U test was applied. When
group C was compared with group R significant histolog-
ical changes (Piece meal necrosis, focal lytic necrosis and
Portal inflammation) were observed in R group (p=<0.05)
(Figures 3a and 3b). In group S versus R there was less
degree of piecemeal necrosis and portal inflammation

(p=0.05) (Figures 4a and 4b).

Significant improvement was observed in overall
Knodellar score in group S as compare to group R. There
was also significant improvement in histological parame-
ters like piece meal necrosis and portal inflammation,
when INH-Rifampicin was administered along with
Sildenafil citrate.

Discussion

The most striking finding of our research study was that
INH-RIF had established hepatotoxic effects and sildenafil
citrate had antioxidant properties which proved to be
hepatoprotective against the toxic effects. In the era of
laparoscopic and robotic surgery, one cannot precede
regarding the management without a histopathological
picture of the tissue. Every drug has its manifestations in
the body that appear either in form of the biochemical
changes at the enzymatic level or histopathological
changes at the tissue level.

One of the established mechanisms of drug-induced
hepatotoxicity in literature is oxidative stress. Itis also a fact
that diets, as well as drugs having antioxidant properties,
have a hepatoprotective role in countering the toxic effects
of drugs."™"?

Bodyweight is one of the benchmark tools to check the
toxic effects of a specified drug. In our study, there was no
significant difference in body weights either before or after
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2
=
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o
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c
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C R S
Mice group

Figure 1. Comparison of mean weight of mice livers (error bars+2SD).

Table 4
Comparison of histological parameters in mice liver by applying
Kruskal Wallice and Mann-Whitney U tests.

Overall group Pair wise significant

Histological comparisons comparisons
parameters (Kruskal-Wallis test) (Mann-Whitney U test)
Piecemeal necrosis 0.000 C<R

R< S
Confluent necrosis 0.119
Focal lytic necrosis 0.168 C<R
Portal inflammation 0.000 C<R

R< S

CeS

<> shows p=<0.05

12

Mean total knodellar score

R
Mice group

Figure 2. Mean difference of Knodellar score in between groups C, R
and S (error bars 95% Cl).
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Figure 3. (a) Liver histology in group R showing grade 3 focal lytic necrosis and portal inflammation. (b) Normal liver histology in group C.

treatment. In a study on INH-RIF by Pal et al.,"” hepato-
toxic model was produced by injecting 50 mg/kg INH-
Rifampicin and garlic was administered as a hepatoprotec-
tive agent showing no significant change between the three
groups. In another study by Pal et al.,"” carotenoids effects
were observed in INH-RIF hepatotoxicity, there was no
significant change in body weights. Overall, our results are
following the literature.

In our study a significant increase in absolute liver
weight was observed in-between groups C and R as well as
the significant increase was found in relative liver weight in
group R as compared to group C which was per the study
conducted by Wang et al.,"” where the protective effects of
naranginin were studied against INH-RIF induced hepa-

totoxicity. In group S, the liver weight decreased but that
was not significant and the same was the case in the above-
mentioned study where the decrease in liver weight in
naranginin 50 mg/kg administered group was not signifi-
cant. On the other side in another group of mice where
naranginine was administered in 100 mg/kg, the decrease
in the liver weight was significant p<0.05. Based on these
facts we can also presume that if sildenafil citrate is given in
increased dosage in future research there may be a signifi-
cant decrease in liver weight. In a very detailed research
study conducted by Yang et al.,”” protective effects of dial-
Iyl trisulfide (DATS) were studied against the histomor-
phological and biochemical effects of INH-RIF. The mice
were divided into six groups and DATS (10 mg/kg, 20
mg/kg, and 40 mg/kg) were administered two hours before

Figure 4. (a) Portal inflammation in group R. (b) Group S showing improved liver histology.
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administration of INH-RIF (100 mg/kg & 100 mg/kg)
respectively. The levels of AST, ALP, liver weight, and
histological parameters were studied. In similarity to our
study where the mean Knodellar score was the same in the
control and sildenafil administered group, they observed
significant improvement in the histological parameters of
liver induced by INH-RIF. In our study control and silde-
nafil group had more or less normal lobar architecture with
normal cell morphology while in the INH-RIF group
there was focal lytic necrosis, piecemeal necrosis and por-
tal inflammation which was also observed in a study by
Yang et al.”” DATS have an anti-oxidant effect like silde-
nafil citrate that’s why significant improvement was
observed in liver morphology.

Reactive oxygen and nitrogen species are one of the
main causes of the initiation and progression of liver injury.
Free radicals have unpaired electrons which is highly reac-
tive. These reactive species activate lipid peroxidation,
breakage of DNA strands and ultimately oxidize all mole-
cules in cell membrane resulting in cell injury. Normally in
a healthy person, there is a balance between oxidative
agents and the production of antioxidants.”"

It is a known fact that some of the non-toxic herbs are
having reverse activities in the form of membrane stabi-
lization, anti-oxidant, and having CYP2El inhibitory
effects. Literature review suggests that decreased levels of
lipid peroxide content in tissue and an increase in superox-
ide dismutase, catalase, glutathione, and glutathione perox-
idase activities help to maintain liver cell coherence and
control the derangement in the level of liver enzymes.”

The comprehensible mechanism of hepatotoxicity is
not clear, but the proposed mechanism for INH and RIF-
induced damage involve lipid peroxidation and oxidative
stress resulting in lowering of phospholipids protein syn-
thesis with modifications in cell wall layout, reduced glu-
tathione level, and activation of CYP2E1.”"* PDEs play a
vital role in the control of normal and pathological cellular
signalling mechanisms. Mainly the PDES family inhibition
increases cGMP levels as it hydrolyses specifically cGMP.
Sildenafil, a PDES inhibitor, is mainly used for treating
erectile dysfunctions and pulmonary hypertension. It also
induces protective effects during ischemia-reperfusion
injury in several organs like lungs and kidneys.”” Based
upon these facts, sildenafil was used as an anti-oxidant and
observed its protective role in the liver. Our limitations in
this research study were very small data and no guidelines
can be changed based upon this data, however this study
opens up new avenues to climb further upon the shoulders
of this research and randomized trials should be done to
establish the protective role of sildenafil in INH-RIF
induced hepatotoxicity.

Conclusion

In the light of this study, it is concluded that INH and RIF
exhibit hepatotoxic potentials as observed in this study
from the derangements in hepatic histological parameters.
We suggest that sildenafil has a hepatoprotective role
against INH-RIF-induced hepatotoxicity if administered
along with it, as evident by significant improvement in his-
tological parameters.
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Abstract

Objectives: The structures passing through the foramen spinosum and its neurovascular relationships are of great impor-
tance for surgical approches directed to middle cranial fossa. The aim of the present study was to examine the number and
location of the foramen spinosum (FS) in 3D-CT images.

Methods: The study was retrospectively conducted on 3D-CT images of 177 adults. Firstly, the transverse section passing
through the upper edge of the orbit, extending parallel to the Frankfurt plane was chosen. Then, the x and y-axes were deter-
mined on that transverse section. The coordinates, number, and location of the FS with respect to the foramen ovale (FO) were
identified accordingly on x and y-axes.

Results: While 1 FS was present in 90.96% of a total of 354 sides of 177 heads, there were 2 FS and 3 FSin 8.76% and 0.28%
of the sides, respectively. The FS was located posterolaterally in 97.68%, posteriorly in 2.06%, and laterally in 0.26% with
respect to the FO. In terms of FS coordinates, there was no statistically significant difference between gender and sides in the
distance of the FS to the x-axis, but there was a statistically significant difference between gender and sides in the distance of
the FS to the y-axis.

Conclusion: Evaluation of the number of the FS and its location would help identifying and preserving neighbouring neu-

rovascular structures during surgical interventions directed to the middle cranial fossa.

Keywords: computed tomography; middle cranial fossa; middle meningeal artery; skull base; sphenoid bone
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Introduction

The skull base is divided into three cranial fossae: anterior,
middle, and posterior. The region located between the
small wing of the sphenoid bone and the petrous part of
the temporal bone is known as the middle cranial fossa."
"The middle cranial fossa is clinically very significant due to
the foramina it contains and the structures passing through
these foramina. The complex anatomy of this region, the
diversity and aggressiveness of its tumors, and the complex
reconstruction process make operations on the region
requiring a multidisciplinary approach difficult. Important
surgical landmarks allow surgeons to have a good under-
standing of the anatomy, which makes it easier to plan and
perform the surgical procedure.”

The foramen spinosum (FS) is one of the foramina
located in the infratemporal surface of the great wing of

the sphenoid bone and is usually located posterolateral to
the foramen ovale (FO)."" The FS is one of the struc-
tures providing the connection between the infratempo-
ral fossa and the middle cranial fossa. The middle
meningeal artery, middle meningeal vein, and the
meningeal branch of the mandibular nerve pass through
it.”? The FS derives from the first pharyngeal arch, also
known as the mandibular arch. It starts to ossify eight
months after birth, and it may take up to seven years for
it to develop into a bony ring-shaped formation.””

Due to its proximity to other cranial foramina, the FS
is an important landmark, especially in skull base trau-
mas involving the middle cranial fossa and infratemporal
fossa. The clinical significance of this foramen is better
understood in bypass surgeries involving the petrous
segment of the internal carotid artery and the posterior
cerebral artery, in which the middle meningeal artery is
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used as a graft.” The FS is important for various diag-
nostic and treatment techniques such as electroen-
cephalographic analysis, percutaneous trigeminal rhizo-
tomy, and percutaneous biopsy of cavernous sinus
tumors. During such procedures, the middle meningeal
artery can be iatrogenically injured since the FS is very
close to the FO." Therefore, knowledge about the loca-
tion and variations of this foramen is important for neu-
rosurgeons, radiologists, and anatomists due to the tech-
niques available nowadays.

Different bony landmarks on 2D and 3D radiological
images and dry bones used to determine the location of
the foramina in previous studies.”" The developments
in 3D imaging have largely improved the visualization of
craniofacial structures. This imaging method allows the
3D coordinates of the foramina to be known."”

Considering the clinical significance of the FS, we
aimed to examine the morphometric properties of the FS
upon 3D reconstruction CT images since it helps to
understand the 3D location of the FS in interventions to
be performed in this region.

Materials and Methods

Our study was retrospectively conducted on head and neck
computed tomography (CT) images. The morphometric
and morphological characteristics of the FS belonging to
177 individuals (94 females, 83 males) aged between 20
and 92 years (mean age 55.06+18.83) were examined.

Head and neck CT images were obtained from the
hospital’s “Picture Archiving and Communication
System” (PACS) in the Radiology Department. Patients
with any tumors or fractures on head-neck CT were not
included in the study. Metabolic bone conditions that
might affect bone tissue in patients, such as osteoporosis,
were not questioned. CT images were obtained by a
multidetector 128 slice SOMATOM Definition AS
Siemens (Siemens Healthcare, Erlangen, Germany) CT
device using the following parameters: 120 kV, slice
thickness=1 mm, matrix=512x512, collimation=128x0.6
slice increment=0.7 pitch =0.8 FOV (Field of View)
(250-300). A 3D reconstruction was created from the
scanned axial images using the RadiAnt DICOM Viewer
(Version 2020.2; Swansea, UK) program. After the 3D-
CT image of the cranium was obtained, the calvaria was
removed by taking a transverse section passing through
the upper edge of the orbit, extending parallel to the
Frankfurt plane. Then, the following axes were deter-
mined by looking at the cranium from the top.

y-axis: the sagittal axis passing through the middle of
the dorsum sellae and connecting the frontmost and
backmost points of the cranium (Figure 1).
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Figure 1. Distances of the foramen spinosum to the x- and y-axes.

x-axis: the axis extending from the middle of the y-
axis in the transverse direction on the transverse plane
(Figure 1).

The following FS morphometry-related parameters
were measured:

* Coordinates of the FS (distance to x and y-axes)

(Figure 1)

*  Number of the FS
* Location of the FS with respect to the FO

Statistical analysis was performed using SPSS for
Windows 20.0 program (SPSS Inc., Armonk, NY, USA).
The arithmetic means and standard deviations of all
parameters were calculated according to the sides and sex.
In pairwise comparisons, the independent samples t-test
was used for the normally distributed parameters, and the
Mann-Whitney U test was used for the non-normally dis-
tributed parameters.

Results

While 1 FS was present in 90.96% (n=322) of 354 sides
of 177 heads, 2 FS and 3 FS were present in 8.76%
(n=31) and 0.28% (n=1) of them, respectively. When the
location of the FS with respect to the FO was examined,
it was observed that the FS was located posterolaterally
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Table 1
Averages and p values of foramen spinosum according to sex and sides.

Parameters Sex n Mean+SD p Side n MeanSD p
Distance of the FS to the x-axis (cm) F 94 0.95+0.39 R 177 0.92+0.40
M 83 0.93+0.41 B L 177 0.96+0.40 B
Distance of the FS to the y-axis (cm) F 94 3.08+0.20 R 177 3.19+0.25
* *
M 83 3.24+0.26 < L 177 3.12+0.22 g2y

*p<0.05. F: female; FS: foramen spinosum; L: left; M: male; R: right; SD: standard deviation.

in 97.68% (n=379), posteriorly in 2.06% (n=8), and lat-
erally in 0.26% (n=1) with respect to the FO.

The distance of the FS to the x and y-axes was com-
pared by giving averages according to sex and sides
(Table 1). Accordingly, there was no statistically signifi-
cant difference between gender (p=0.670) and sides
(p=0.310) in the distance of the FS to the x-axis parame-
ter. In the distance of the FS to the y-axis parameter, a
statistically significant difference was found between
gender (p<0.001) and sides (p=0.020) (Figure 2).

Discussion

Due to the advantages of 3D imaging, it is recommended
for clinicians to learn to use 3D reconstruction imaging
sources effectively and move away from conventional 2D
imaging methods."” In light of this information, the FS
coordinates in our study were obtained using the 3D
imaging method and different landmark points (coordi-
nate system) from previous studies. There are many stud-
ies based on measuring the distance between the FS and
other anatomical structures.””"”’ However, the variations
of other anatomical structures with the measured dis-
tances were ignored in these studies. Therefore, the coor-
dinate system, which was considered least affected by the
varjations, was used in our study.

Some authors indicated that the differences in the skull
base foramina could be considered a variation for some
populations due to the evolutionary process.""” Tewari et
al” indicated that the FS-related anatomical variations
were associated with ethnic differences, incomplete osteo-
genesis, or abnormal development of the middle
meningeal artery. Some authors reported that the diversi-
ty in the knowledge of the FS might be the result of fac-
tors such as age, sex, or population and differences in ref-
erence points taken as criteria in measurements."”

Many studies have been conducted on the number of
the foramen spinosum.”*”"*"*'** The comparison of the
results of those studies with the results of our study is pre-
sented in Table 2. Duplication of FS varies between

0-8.76%. We suggest that this variation may be due to the
difference in the population on which the study was con-
ducted, the difference in the method used in the study, the
number of materials used, and the subjective interpreta-
tion of the researchers who conducted the study. The
absence rate of FS is 0-2.85%. We had no cases in which
FS was absent, as in the studies carried out by Tewari et
al.” and Osunwoke et al."" On the other hand, we
observed 3 FS in one sample, similar to the findings
obtained by Lazarus et al.""

The variations in the presence, absence, and the num-
ber of the FS are very important for the supply of the dura
mater since they may accompany variations such as; the
early branching of the middle meningeal artery, a
meningeal artery passing through the foramen ovale, a
meningeal artery emerging from the ophthalmic artery, or
passing through the superior orbital fissure as a branch of
the maxillary artery.””*"

The FS is usually known as it is located posterolateral
to the FO." However, as can be seen in our study, the FS
location with respect to the FO varies. According to our
results, the FS was located posterolateral to the FO by
97.68%, posterior to it by 2.06%, and lateral to it by

8.0
05 0 05

X-AXIS

b S

@ Foramen Spinosum

Figure 2. The distribution chart of the localizations of the foramen spin-
osum according to the x and y-axes (R: right, L: left).
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Table 2
Comparison of studies on the number of foramen spinosum.

Number of foramen spinosum (%)

Authors Number of sides Absent 1 2 3
Our study 354 - 90.96 8.76 0.28
Khaimar and Bhusari® 186 0.54 96.23 3.23
Tewari et al.” 126 - 100 -
Sophia and Kalpana™ 80 2.5 93.75 3.75
Osunwoke et al.n® 174 - 100 -
Lazarus et al.™ 200 2 95 2.5 0.5
Javed et al.l'? 70 1.43 90 8.57
Farooq et al.l"” 40 2.5 95 2.5
Kulkarni and Nikade"™ 200 2.5 97.5 -
Rai et al.n®! 70 2.85 2.85
Khan et al.? 50 2 96 2
0.26%. Lazarus et al." reported that the FS was located Conclusion

posterolateral to the FO by 97.53%, posterior to it by
1.97%, and posteromedial to it by 0.5%. The results of
both studies are considerably similar. Differently, while no
FS located posteromedial to the FO in our cases, no FS
located lateral to the FO as revealed Lazarus et al."”
Although the location of the FS lateral or posteromedial
to the FO is rare, these possible locations should also be
taken into account. Particularly, considering the struc-
tures passing through the FS and neurovascular structures
to which it is adjacent, it is very important to have full
knowledge of the FS location in any intervention to be
performed to this region.

Bodug and Oztiirk”" revealed that the FS was symmet-
rical in 14 of 133 skulls and asymmetrical in the remaining
part. Likewise, in our study, a difference was found
between the right and left sides in the FS distance to the
y-axis. In our samples, the FS was further away from the
y-axis on the right side than on the left side. Unlike our
study, Somesh et al.”” reported that the FS on the left side
was far from the midline. We think that the difference in
the results of both studies may be due to the difference in
the studied population, the different number of samples
studied, the difference of the method used, and the lack of
knowledge about factors such as age and sex in the study
performed by Somesh et al.””’ Since the difference
between the right and left sides of the FS affects the loca-
tion of the middle meningeal artery, it should be consid-
ered, especially in surgical interventions to be performed
in this region.

Anatomy e Volume 15 / Issue 1 7 April 2021

We suggest that our study may contribute to future stud-
ies on the FS and the middle meningeal artery passing
through it. The knowledge of the normal and variational
anatomy of the FS may prevent misinterpretation during
imaging procedures such as CT and magnetic resonance
imaging. Furthermore, the evaluation of the FS number,
its relationship with the FO, and its location will be an
important guide for surgeons to identify and protect neu-
rovascular structures, especially during surgical interven-
tions to the middle cranial fossa.
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Abstract

Objectives: Obstructions are very commonly seen in nasolacrimal duct before it opens into the inferior nasal meatus.
Detailed anatomical knowledge of the nasolacrimal duct is crucial for physicians to understand the etiology of the obstruc-
tions, to plan ideal management option and to reduce unexpected iatrogenic injuries during surgeries. The aim of this study
was to investigate morphometric properties of the nasolacrimal duct on computed tomography images.

Methods: Three-dimensional computed tomography (3D-CT) of 142 adults (65 females, 77 males) were retrospectively evalu-
ated. Antero-posterior cranial diameter, antero-posterior and transverse diameters and vertical angle of the nasolacrimal duct,
distance between distal end of the nasolacrimal duct to anterior surface of the maxilla were measured and the differences eval-
uated statistically between right and left sides and among females and males and among different ages. All measurements were
done using Osirix-Lite version 9 software.

Results: None of the morphometric parameters of the nasolacrimal duct showed significant differences between right and left
sides. Antero-posterior cranium and transverse diameter of the nasolacrimal duct were longer in men than women.

Conclusion: Determining to morphometric properties of the nasolacrimal canal has advantages for understanding the eti-
ology of the NLD obstructions, deciding the ideal surgical technique and reducing to unexpected injuries during surgeries

related with this region.

Introduction

Nasolacrimal duct (NLD) begins from the lacrimal sac
and continues as the bony nasolacrimal duct between the
lacrimal bone and maxilla. It drains into nasal cavity at
the level of inferior nasal meatus. The NLD is entirely
surrounded by the maxilla."

The obstructions of the NLD are seen frequently,
due to its shape. The obstructions can be either congen-
ital or acquired. In each instance, the etiology and the
prognosis is different.” There are different options for
the management of the obstruction; non-surgical or sur-
gical." Detailed anatomical knowledge is of great clini-
cal importance for to understand the etiology of the
obstruction and the success of treatment techniques.
There are numbers of studies that are evaluating the
morphometric properties of the NLD.”” The NLD has
different anthropometric characteristics among popula-
tions."*"” Avdagic et al."” indicated that NLD obstruc-

deomed.
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tions could count as an important etiologic factor of
epiphora, and emphasized that selecting criteria for
treating these obstructions depends on its anatomical
properties.

Considering craniometric features of the NLD dur-
ing a surgical treatment is of great importance for a suc-
cessful surgery and improving quality of post-operative
period; the aim of this study was to examine detailed
morphometric properties of the NLD according to its
craniometric characteristics.

Materials and Methods

Computed tomography (CT) images of 142 adults (65
females, 77 males) who admitted to Hacettepe University
Hospital without a significant pathology or previous sur-
gery in the head region were retrospectively evaluated in
the study. The mean age of participants was 60.02 (range:
27-85) years. DICOM series of CT images were recon-
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structed three-dimensionally (3-D) using free licensed
Osirix Lite Software v.12.0.1. Participants who undergone
the CT for any reason other than trauma or intervention-
al applications in their orbit, nose or paranasal sinuses
were included in the study. Participants who had bone dis-
orders, trauma history, and neoplasms in related regions
were excluded from the study.

A 64-detector-row dual-source CT scanner
(SOMATOM  Definition, Siemens Healthcare,
Erlangen, Germany) was used for CTA imaging. The
protocol was as follows: 64 x 0.6 collimation, 1.4 pitch,
0.5-s rotation time, 100 kV (peak), and 180 effective
mAs. The source images were reconstructed into 1-mm
slice thicknesses in axial view, and coronal and sagittal
images were reformatted. All CT images were obtained
from the Picture Archiving and Communication System

Figure 1. Computed tomography image, midsagittal section. N: tip of
the nasal bone; P: external occipital protuberance; red line: distance
between tip of nasal bone and external occipital protuberance defining
antero-posterior diameter of the cranium.
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(PACS) of the authors’ University Hospital. A 20-year
experienced anatomy professor, 14-year and 7-year
experienced anatomy specialists and a 10-year experi-
enced radiology specialist using Osirix Lite v.12.0.1
completed all measurements.

CT image series were set in same anatomical planes
using 3-D multiplanar reconstruction (MPR) tool of
Osirix Lite software. Distance between tip of nasal bone
and the external occipital protuberance was calculated as
antero-posterior diameter of the cranium in the midsagit-
tal sections (Figure 1). Furthermore, in sagittal sections
distances from the distal end of NLD to anterior surface
of maxilla were measured bilaterally (Figure 2). Antero-
posterior and transverse diameters of NLD were meas-
ured bilaterally on the axial sections where the inferior
orbital margins were detected (Figure 3). Angle between

Figure 2. Computed tomography image, sagittal section. M: maxilla;
red line: distance between opening of nasolacrimal duct and anterior
wall of the maxilla.
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proximal and distal ends of the NLD according to vertical
axis were also measured bilaterally in sagittal sections.

Statistical analysis were performed using SPSS ver-
sion 23 (SPSS Inc., Chicago, IL, USA). All morphomet-
ric parameters were examined using histograms and
probability plots. The Kolmogrov—Smirnov test and the
Shapiro-Wilk test used to define normality distribution
of the data. Descriptive analyses were used for demon-
strating the means and standard deviations of all meas-
urements. The student t-test and the Mann—Whitney U
test were utilized for comparison of measured parame-
ters between genders and ages. Paired student’s t test and
Wilcoxon test was performed for normal and non-nor-
mal distributed parameters, respectively to compare
measured variables between left and right sides. Pearson
test for normally distributed parameters and Spearman’s
rho test for non-normally distributed parameters were
used to investigate associations between parameters with
calculating correlation coefficients and their significance
at a 5% Type-I error level. Variables with a p value of
less than 0.05 were considered statistically significant.

Results

The mean antero-posterior cranium diameter was
17.97+0.07 (range: 15.96-20.15) cm. The narrowest
antero-posterior diameter of the NLD was measured as
2.71 mm, while the narrowest transverse diameter of the
NLD was 1.99 mm. The angle between the proximal end

Figure 3. Computed tomography image, axial section. Green line:
transverse diameter of the NLD (nasolacrimal duct); red line: antero-
posterior diameter of the nasolacrimal duct.

and the distal end of the NLD was 0.87° to 29.14°, vary-
ing in a very wide range. Mean values, standard deviations,
and minimum-maximum values of all measured parame-
ters were demonstrated in Table 1. None of morphome-
tric parameters demonstrated significant difference
between right and left sides.

Table 1
Results of the measurements.

Parameters Sex Side Mean+SD Min-max
Antero-posterior diameter of NLD (mm) F R 4.67+0.12 2.83-7.04
L 4.67+0.12 2.96-7.51

M R 5.09+0.13 2.71-7.87

L 4.95+0.1 2.79-7.29

Transverse diameter of NLD (mm) F R 3.81+0.08 2.43-5.66
L 3.74+0.09 1.99-6.43

M R 4.2+0.09 2.03-6.43

L 4.15+0.09 2.76-6.34
Angle of NLD (mm) F R 13.61+0.65 5.53-29.14
L 13.98+0.61 5.68-27.24

M R 12.83+0.62 0.87-23.92
L 12.25+0.59 4.18-27.89

Distance to anterior face of maxilla (cm) F R 0.91+0.02 0.48-1.53
L 0.89+0.03 0.33-1.64

M R 0.97+0.03 0.45-1.71

L 0.97+0.03 0.35-2.27

F: female; L: left; M: male; NLD: nasolacrimal duct; R: right; SD: standard deviation.
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Antero-posterior and transverse diameters of proxi-
mal end of NLD had positive and statistically significant
correlation with antero-posterior diameter of cranium
(right side; antero-posterior diameter, r=0.226, p<0.001;
transverse diameter, r=0.231, p<0.001. Left side; antero-
posterior diameter, r=0.203, p<0.001; transverse diame-
ter, r=0.286, p<0.001).

Antero-posterior cranium diameter was longer in
men than women (p<0.001). Transverse diameters of
proximal end of the NLD on both sides were wider in
men than women (p<0.001). However, the angle
between proximal and distal ends of the NLD was wider
in women than men (p=0.02).

The angle between proximal and distal ends of NLD
of the right sides had negative and statistically significant
correlation with age (r=-0.195, p=0.02). Furthermore,
distance between distal end of NLD and anterior surface
of maxilla on right sides had negative and statistically sig-
nificant correlation with age, as well (r=-0.178, p=0.03).
The angle between proximal and distal ends of the NLD
had negative and statistically significant correlation with
age among women (r=-0.272, p=0.02). In men, the dis-
tance between the distal end of the NLD and anterior
surface of maxilla on right side had negative and signifi-
cant correlation with age (r=-0.305, p<0.001).

Discussion

We evaluated the morphometric properties of the NLD
and compared these measured parameters between gen-
ders. Furthermore, we investigated the effects of age on
these morphometric parameters.

The morphometry of the NLD had been a subject of
numerous cadaveric studies."”"" These studies aimed to
evaluate morphometric properties of the NLD in different
populations using cadaveric specimens. Computed tomog-
raphy studies purposed determining the NLD anatomy in
different patient groups such as NLD obstructions and
craniofacial malformations."" A great number of studies
focused on the NLD pathologies indicated the importance
of anatomical knowledge for increasing quality of surgeries
and post-operative period of patients. Besides these clinical
studies, there were a few radiologic studies focusing on
morphometry of the NLD."**" Ela et al. studied the
morphometry of NLD on children, while Czyz et al.”
examined the NLD morphometry according to aeration
grades in adult participants. However, they could not find
any significant differences for morphometric values of the
NLD between age and genders. In contrast to their results,
our data demonstrated statistically significant differences
between gender for antero-posterior diameter of the NLD

Morphometric evaluation of nasolacrimal duct 67

in favor of men. Furthermore, our results demonstrated
that NLD’s vertical angle and distance of the distal end of
the NLD to anterior surface of the maxilla on the right side
were getting lower with increase in age.

According to our knowledge, there is only one study
that evaluated the NLD morphometry according to cran-
iometrical properties.”’ However, participants included in
that study had acquired NLD obstructions, thus, anatom-
ical characteristics may show differences since pathologic
condition could affect the other structures. We evaluated
the relationship between antero-posterior diameter of cra-
nium and morphometric parameters in healthy adult par-
ticipants. Our results indicated that only antero-posterior
diameter of proximal end of the NLD had significant pos-
itive correlation with the antero-posterior cranium diame-
ter.

Craniofacial anomalies, such as thickening of nasal
mucosa, septal deviations, hypertrophic concha, immature
maxilla, cleft lip/plate could lead nasal airway obstructions.
Altun et al."” compared nasolacrimal duct morphometry
between patients who had unilateral cleft lip/plate and
healthy participants. They revealed that nasolacrimal duct
diameters were narrower in craniofacial anomaly patients.
However, they did not find any statistical differences in
any parameters between gender in both craniofacial anom-
aly and control groups."”’ In contrast to their study, our
results demonstrated the transverse diameter and vertical
angle of the NLD was longer in men. The reason of these
differences may be due to the mean age of participants.
The main limitation of the study is that it could not be
compared with cadaveric evaluation.

Conclusion

In the present study, we evaluated morphometric values of
the NLD on healthy adult participants. According to our
results, some of the morphometric parameters demon-
strated statistically significant differences between genders
and age. We suggest that our findings would be helpful to
understand the nature of NLD obstructions and to avoid
unexpected injuries during surgical approaches.
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Abstract

Objectives: The use of plastination can minimize health risks and cost in anatomy laboratories. Plastinates are easy to han-
dle and can facilitate the learning of complex anatomical structures. Therefore, we aimed to evaluate the contribution of
plastinates to teaching complex anatomy of the heart.

Methods: Standard S10 technique was used for heart plastination by fixation, dehydration, impregnation and curing stages.
Ninety volunteer first-year medicine students at Akdeniz University, who did not take cardiovascular system anatomy lectures
yet, were included. Formalin-fixed heart specimens were used in the lecture of group 1; both formalin-fixed heart specimens
and heart plastinates were used in the lecture of group 2. After the lecture, a 10-question exam was administered. Statistical
significance between the scores of the two groups was tested with one sample t-test, and post hoc Tukey test was used for
multiple comparisons.

Results: The pre-test scores of the groups were compared with the scores obtained after the 2 hours of lecture (p=0.002,
p<0.05). The test scores of both groups increased significantly after the lecture (p<0.05). The post-test scores of group 2 were
significantly higher than group 1 (p= 0.047, p<0.05). The average test scores of those trained with formalin-fixed specimens
increased from 23.78+1.94 to 48.22+3.19 (p<0.05). Students gave positive feedback about heart plastinates, and they stated
that their rising interest in the anatomy lecture due to the odourless, disinfected and reusable materials.

Conclusion: In conclusion, besides being cost-effective, healthy, long lasting and easy to maintain materials, plastinates are
useful tools to teach complex anatomical structures.

Keywords: anatomy; COVID-19; medical education; plastinate; plastination
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Introduction

Anatomy as one of the basic medical sciences is funda-
mental for medical training. In particular, anatomy is
necessary for surgical disciplines that the spatial relation-
ships of the structures with one another should be very
well known. The basic teaching tools used for teaching
anatomy are cadavers, anatomical models, written mate-
rials (such as books, atlases, posters), video images and
computer programs."’ Cadavers have been essential for

physicians to have a through understanding of the
human morphology and have played a crucial role in
medical education. Dissections of the cadavers provide
an excellent opportunity to recognize the three-dimen-
sional structure of the body.” However, some issues
make difficult to study with cadavers such as scarcity of
cadavers, decreased cadaver donations, and increased
number of students."” Anatomical models are another
commonly used anatomy education material. However,

This study was a poster presentation at 20th National Anatomy Congress, 27th-31st August 2019, Istanbul, Turkey.
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anatomical models are not show the variations and they
are expensive because of importation. Two-dimensional
educational materials such as textbooks, drawings and
digital images, may be of limited benefit in understand-
ing the three-dimensional complexity of the anatomy
and spatial relationships of the structures."

Another important issue to highlight is that, although
anatomy is essential for diagnosis and treatment, medical
school students graduate with inadequate anatomy
knowledge." Various studies evaluating the adequacy of
anatomy education have shown that anatomy knowledge
of medical graduates is deficient.”*” Therefore, it has
become compulsory to search effective alternative or
supportive tools for teaching anatomy.™ " In the last two
decades there has been a growing interest in plastination
techniques. Plastination is a great method for long-term
preservation of anatomical specimens. With plastination,
it is possible to protect the anatomical materials in a
durable, aesthetic and realistic manner. In this tech-
nique, curable polymers in a special vacuum process
replace tissue fluids. The specimens are dry and odorless
after this process. Moreover, plastinates can be manipu-
lated without personal protective equipment."” Although
plastination could not be replaced by traditional cadaver
training, it is an important auxiliary method ensures that
the materials remain intact for a long time. Plastinates
provide a learning tool that converts two-dimensional
textbook images into three-dimensional model.”""
Therefore, plastinated specimens are valuable in teach-
ing anatomy."""*"”! Beyond the educational benefits, plas-
tination stops the reactions inside the body and prevents
the degradation and dehydration of the materials. In this
way, plastinates remain intact much longer than forma-
lin fixed cadavers do. These materials do not deteriorate
over time and save dissection hours.

Another important issue is the risk of transmitting
SARS-CoV-2, the virus causing COVID-19, from dead
bodies is not yet known."” People should be notified not
to touch the body if it was recognised or presumed that
the deceased was infected with COVID-19; it is not yet
understood how long the virus will remain on human tis-
sue and dead bodies. As with other infectious diseases,
the cause of death should be communicated to all those
who will be handling the body via the medical certificate
of death. Equipment and material cleaning, as well as
individual hygiene, are essential parts of safety during
the pandemic."” Therefore disinfected and sanitised
plastinates are alternative options for the anatomical
education during the COVID-19 pandemic period when
considering their hygienic properties.

One of the most difficult organs for students to
understand is the human heart with its complex physiol-
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ogy and detailed anatomy. Knowledge of the basic anato-
my and physiology of the heart is essential. It is very dif-
ficult in formalin fixed specimens to show the detailed
anatomy of the heart valves without damaging the struc-
tures."” Therefore, in this study, we aimed to investigate
if the heart plastinates contribute to anatomy education
of the under graduate medical students.

Materials and Methods

Standard S10 technique, which was previously defined in
the literature, was used for plastination. Fresh sheep
hearts were plastinated by fixation, dehydration, impreg-
nation and curing stages."” Heart specimens have gained
light and flexible structure after plastination process and
become dry, odourless and resistant to deterioration
(Figure 1). Structures including chordae tendinea, pap-
illary muscles, right and left atrioventricular orifice,
bicuspid (mitral) and tricuspid valves, pulmonary veins,
aortae, coronary vessels, and their relations with each
other were described in heart plastinates in details
(Figures 1 and 2).

Ninety volunteer first-year students in the School of
Medicine (Akdeniz University), who did not take cardio-
vascular system anatomy lectures yet, were included in
the study. This study was conducted in accordance with
the Helsinki Declaration. All protocols were approved
by the Clinical Research Ethics Committee of Akdeniz
University (Number: 70904504-98). Furthermore, writ-
ten informed consent was obtained from the students.

A pre-test consisting of ten questions was applied to
the students in order to determine their knowledge about
cardiac anatomy, and then they divided into two equal
groups according to pre-test results. Thus, there was no
significant difference between the two groups' knowledge
levels. Both groups were given a 2-hour identical lecture
regarding the anatomy of the heart by the same instructor.
Formalin-fixed heart specimens were used in the lecture
of group 1. Formalin-fixed heart specimens and plastinat-
ed hearts were used in the lecture of group 2. After the lec-
ture, a 10-question exam was administered to both groups.
In this exam, open-ended and multiple-choice questions
were prepared in order to test the student's knowledge
levels. In this test, questions including atrial and ventricu-
lar structures, heart valves, and heart vessels were asked to
students. The same anatomy instructor who was blinded
to the study evaluated test scores.

The data were analyzed with SPSS (Version 25.0,
Armonk; NY, USA). Descriptive statistics of continuous
variables, such as test scores of the students, were given
with mean, standard deviation, minimum and maximum
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Figure 1. External aspects of the plastinated heart. (a) Anterior long-axis view. (b) Posterior view. CA: conus arteriosus; CAbr: branches for conus
arteriosus; D: diagonal branches; LA: left atruium; LAc: left auricle; LAD: left decending artery, LCA: left coronary artery; LCx: left circumflex artery;
OM: obtuse marginal artery; PDA: posterior descending artery; PT: pulmoner trunk; PV: pulmoner vein; RAc: right auricle.

values, and frequency and percent for categorical vari-
ables. The Shapiro-Wilk test was used as a test of nor-
mality. The independent samples t-test was used for two
independent group comparisons of normally distributed
variables, and the Mann-Whitney U test was used for
non-normal distributed variables. Statistical significance
between the scores of the two groups was tested with one
sample paired t-test, and post hoc Tukey test was used
for multiple comparisons. A p-value <0.05 was consid-
ered significant.

Results

The Kirkpatrick Model was used in the current study for
analyzing and evaluating the results of lectures with plas-
tinates. The evaluation model consists of four parts:
reaction (level 1), learning (level 2), behavior or transfer
(level 3), and results (level 4)."” All of the students indi-
cated their feelings about the plastinates (level 1), and
their behavior changed because of attending a lecture
with plastinates. In level 2, pre-tests and post-tests were
conducted to the students to measure the proper amount

Figure 2. Internal aspect of the plastinated heart. (a) Longitudinal incision. (b) Transverse incision. APM: anterior papillary muscle; ASbr: anterior
septal branches; CT: chorda tendinea; IVS: interventricular septum; LV: left ventricle; MV: mitral valve; PPM: posterior papillary muscle; PM: papil-
lary muscle; PT: pulmonary trunk; RAc: right auricle; RV: right ventricle; TV: tricuspide valve.
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of learning that has taken place. This level gives students
and us for the advancement of knowledge, skills, and
attitudes based on their participation. The evaluation by
Kirkpatrick’s model showed that the use of plastinates in
anatomy education improved the learning outcome of
medical students, their level of satisfaction and the qual-
ity of anatomy education. The implications of the plasti-
nates for anatomy education can add to the appeal and

effectiveness of medical education, and that triggers
active learning.

The mean values of group 1 post-test scores were
48.22+3.19, and the mean value of group 2 was
56.89+3.52 (Table 1). The post-test scores of group 2
were significantly higher than group 1 (p=0.047, p<0.05).
The test scores of the group that received lectures with
both formalin-fixed specimens and plastinates were sig-

Table 1
Pre-test and post-test scores of the groups.

Descriptives Statistic SE
Pre-test Group 1 Mean 23.78 1.941
95% Cl for mean Lower bound 19.87
Upper bound 27.69
5% trimmed mean 23.58
Median 20.00
Variance 169.495
SD 13.019
Minimum 0
Maximum 50
Range 50
Interquartile range 20
Skewness 216 354
Kurtosis -.623 695
Group 2 Mean 15.56 1.922
95% Cl for mean Lower bound 11.68
Upper bound 19.43
5% trimmed mean 14.57
Median 10.00
Variance 166.162
SD 12.890
Minimum 0
Maximum 60
Range 60
Interquartile range 10
Skewness 1.171 354
Kurtosis 1.889 695
Post-test Group 1 Mean 48.22 3.199
95% Cl for mean Lower bound 41.78
Upper bound 54.67
5% trimmed mean 47.96
Median 40.00
Variance 460.404
SD 21.457
Minimum 10
Maximum 90
Range 80
Interquartile range 35
Skewness 444 354
Kurtosis -.462 .695
Group 2 Mean 56.89 3.522
95% Cl for mean Lower bound 49.79
Upper bound 63.99
5% trimmed mean 57.59
Median 60.00
Variance 558.283
SD 23.628
Minimum 10
Maximum 90
Range 80
Interquartile range 30
Skewness -313 .354
Kurtosis -.689 .695

Cl: confidence interval; SD: standard deviation; SE: standard error.
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Figure 3. Differences between the groups related to the test scores. Graphs shows pre-test and post-training scores. Group Il post-training scores
were significantly higher than the group | post-training scores (*p<0.05). The scores of those trained with formalin-fixed specimens and plastinates
increased significantly more than the other group (p=0.0294) (One sample paired t test).

nificantly higher than those of the group that received
lectures with the only formalin-fixed specimen. The pre-
test scores of the groups were compared with the scores
obtained after the 2 hours lecture (p=0.002, p<0.05)
(Table 2). It was observed that the test scores of both
groups increased significantly after the lecture (p=0.047,
p<0.05) (Table 2). The average test scores of those
trained with formalin-fixed specimens increased from
23.78£1.94 to 48.22+3.19 (p<0.05). The average test
scores of those trained with both formalin-fixed specimen
and plastinates increased from 15.56 £1.92 to 56.89+3.52
(p<0.05) (Figure 3).

Table 2
The comparison between the groups via test scores.

Test statistics*

Pre test Post test
Mann-Whitney U 642.000 769.000
Wilcoxon W 1677.000 1804.000
z -3.087 -1.983
Asymp. sig. (2-tailed) .002 .047

*Grouping variable: Mann-Whitney U.

Discussion

Plastination has been the focus of many studies for the last
two decades. Some of these studies were related to plasti-
nation techniques,""**” and some of them were related to
the importance of plastination in anatomy educa-
tion.""""**" Our study is the first study so far that evaluate
if the heart plastinates contribute to anatomy education of
the students. Many anatomists prefer plastinates to forma-
lin-fixed cadavers because they are odorless, durable, effort-
less and easy to handling."*"**"" Musumeci et al.”” indicated
that plastination is a good tool for dissection and a comple-
mentary educational technique that shows different aspects
of human anatomy. Riederer stated that plastinates provide
a 3-dimensional vision for complex anatomical areas, and a
very useful tool for pre- and post-graduate training."” Our
data showed that education with formalin-fixed cadavers
increased students test scores, but the addition of plasti-
nates to the education was significantly increased the suc-
cess rate. These results indicate that plastinates are useful
for teaching the anatomy of the heart, which is a very com-
plex region for the undergraduate medical students.

With its complex anatomy and unique function, the
heart has been the subject of various plastination studies
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over the years.""”*" In the 1980s, the researchers explored

how to optimize heart plastinates and to protect the heart's
fine structures by plastination."**" Since then, the impor-
tance, usefulness and benefits of plastinates have been stud-
ied.”” Raoof et al.”’ have performed plastination to
demonstrate the function of cardiac valves during systolic
and diastolic phases in their study. In this study, a pilot
questionnaire was applied to get opinions of the students
about plastinates. The results of the survey have shown
that most of the students thought heart plastinates are ben-
eficial in terms of demonstrating structural anatomical
relationships, learning the anatomy of the heart, under-
standing function-structure correlation.”” Since the ques-
tionnaire in this study was consisted of only three yes/no
type questions, it may not reflect the exact views of the stu-
dents. However, our study has perceptibly shown that plas-
tinates make easier to learn the anatomy of the heart.

Gomez et al.”” have compared heart plastinates and
echocardiography images and indicated that plastinated
slices were corresponded accurately with the echocardio-
graphic images. They stated that their research could be a
reference atlas for assisting 2D echocardiography interpre-
tation.””

Plastinates are long lasting, odorless, easy to use, non-
toxic and non irritating materials, and these beneficial fea-
tures have been mentioned in various studies."”**"***" In
our study, besides the increase of success levels, students
gave positive feedback about plastinates. They stated that
their interest in the lecture increased because plastinates
were odorless and easy to handle.

The use of the human body as a cadaver in medical
education is a crucial part of anatomy education.”” When
considered in terms of health, formalin could cause eye and
skin irritations, degeneration of the mucous membranes,
nasopharynx and nasal cavity tumors.” Another important
issue is the high cost of importing the cadavers of certified
donors. In Turkey, body donation is very rare due to cul-
tural structure and majority of the universities are failed to
meet the cadaver needs for anatomy training. This prob-
lem may common in many countries that have similar cul-
ture with Turkey.

COVID-19 outbreak has had serious implications on
medical education. In many universities, laboratory lec-
tures are planned to be held in small groups. The trans-
mittion risk of SARS-CoV-2 from cadavers is not known
yet."” Equipment and material cleaning, as well as individ-
ual hygiene, are essential parts of safety during the pan-
demic."” Therefore disinfected and sanitised plastinates
could be a good option for the anatomical education dur-
ing the COVID-19 pandemic when considering their
hygienic properties.
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Despite all their negative features, formalin fixed cadav-
ers are indispensable for anatomy education. However, it
can be beneficial in many ways using plastinates during
anatomy education. In their study among medical educa-
tors in the USA, Klaus et al.”” investigated the use and per-
ception of plastination. According to this study results,
100% of the educators had heard of plastination, 57% of
them correctly defined plastination, and 39% of them cur-
rently utilize plastinates for anatomy education. This study
indicated plastinates are used higher than mentioned in the
literature in the U.S., but medical anatomy educators per-
ceived plastination as a useful tool, but not a replacement
for cadavers.”

The large scale studies need to investigate the effects of
plastinate in anatomy education. Further studies can be
supported by plastinates obtained from different regions of
the body to improve the quality of anatomy education. The
combined evaluation methods can be used to assess the
quality of anatomy education with plastinates, or it can be
compared using the same techniques for medical students
in various schools, regions, or countries.

Conclusion

Findings of this study with undergraduate first-year med-
ical students at Akdeniz University of School of medicine
contributed auxiliary grounds in support of credibility of
the plastinated specimens in medical education system. In
conclusion, besides being cost-effective, healthy, long last-
ing and easy to maintain materials, plastinates are useful
tools in anatomy education.
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Abstract

Acute, intermittent or chronic hypoxia have negative effects on lung maturation during the embryological period which has
been shown by many experimental models designed on animal studies. The receptors responsible from the development of
lungs in fetal period are affected from hypoxia. Hypoxia also affects the morphometry, anatomy and microscopy of lung tis-
sue in the adults. In acute phase of hypoxia; lung parenchyma showed destructive oxidative changes. However, in later phas-
es repair and proliferative processes were observed in the lung tissue. Damage to the lining layer of alveoli, accumulation of
alveolar macrophages, oedematous changes in the lung parenchyma, mild oedema, inflammatory cell infiltration, increased
number of type Il pneumocytes and pulmonary fibrosis are the main findings in cases of hypoxia. Chronic hypoxia accentu-
ates lung growth by increasing the lung parenchyma. Decrease of capillary volume and suppression of elastin repair in lung
fibroblasts are other clinically important microscopic findings in hypoxia. Many molecular studies found in the literature
revealed micro-RNAs to be involved in modulation of hypoxia-induced pulmonary hypertension. In animal models submitted
to acute hypobaric hypoxia; the researchers detected an increase in eNOS mRNA which is responsible of the immediate
response, producing nitric oxide that caused vasodilation and bronchodilation in lung tissue. In other molecular studies; sup-
pression of many immune molecules, major changes at the levels of various enzymes and growth factors were detected in
the researches. Additionally; hypoxia causes to an increase in the amount of lung cancer cells and therefore; induces the

metastases of lung cancer cells to brain tissues.

Introduction

Hypoxia describes the inability while using oxygen or it
is the case of oxygen deficiency in tissues. Hypoxia itself
is not a respiratory disease, but is often a consequence of
respiratory diseases. According to its cause; hypoxia is
classified in four groups; hypoxemic hypoxia, ischemic
hypoxia, anemic hypoxia and histotoxic hypoxia. In
hypoxemic hypoxia; the arterial PO: is low and it is due
to inadequate pulmonary gas exchange in most of the
cases. The major causes of hypoxemic hypoxia are respi-
ratory arrest, degenerative lung diseases, atmospheric
deficiency of oxygen at high elevations and impaired
ventilation. Inadequate circulation of the blood is the
cause of ischemic hypoxia. Congestive heart failure is a
good example to this condition. Anemic hypoxia occurs
in cases of anemia and in this situation; the blood cannot
carry adequate amounts of oxygen for the body. If a
metabolic poison prevents the usage of oxygen by a tis-
sue; histotoxic hypoxia occurs in these cases."
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Approximately 480 million alveoli are found in the
human lungs. 64% of total lung structure is formed by
these alveoli. Alveoli provide a surface area of 120-150
m’ dedicated for gas exchange. The oxygen diffusion
constant and gas exchange surface area are proportional
to body weight and oxygen consumption. Exposure to a
cold environment, living in high altitudes and physical
hyperactivity causes to an increase in oxygen diffusion
capacity in proportion to enhanced oxygen consumption.
Life-threatening barrier to proper oxygenation occurs in
cases of decreased ventilatory drive, airway obstruction,
intraalveolar exudate, damages to alveolar capillaries,
septal thickening due to edema, inflammation and fibro-
sis. The alveolar/arterial PO: gradient is enhanced if
there is a life-threatining barrier to proper oxygenation.”

The aim of this review article is to define the embry-
ological, gross anatomic, histopathological and molecu-
lar changes observed in the lung tissue in cases of hypox-
ia. Additionally; the relation of hypoxia and tumors is
also discussed in the study. The manuscripts related to
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hypoxia were searched from the literature, from PubMed
(https://www.ncbi.nlm.nih.gov/pubmed) in between the
years of 1945-2019. From these manuscripts; the ones,
which were related to lung tissue changes due to hypox-
ia, were chosen and included to the review. The key
words selected for searching the database were “hypoxia
and lungs”. In the research of these keywords; totally
15,445 manuscripts were found. From these manu-
scripts; 43 of them were related with our subject and
these studies were included to the review study.

Hypoxia and Development of the Lungs

Schwartz et al.” examined fetal growth in rats exposed to
brief and intermittent hypoxia with little change in nutri-
ent intake. In rats exposed to hypoxia for one hour; fetal
body weight, length of the fetus and liver weight was
decreased. However; the brain/liver weight ratio was
increased in these rats, when compared with the control
group. In the study; another group of rats were exposed
to hypoxia for two hours and results were the decrease of
the fetal body weight and fetus length. The lung devel-
ops in relative hypoxic conditions if the fetus is exposed
to 25% of ambient oxygen levels in utero.” Hypoxic
conditions in fetal environment stimulates the develop-
mental stages of embryo, organogenesis and vasculariza-
tion of the organs.”” Vascular endothelial growth factor
(VEGF) is an important factor in lung development in
the fetus. Inhibition of VEGF receptor signaling impairs
the branching of airways and blood vessels in lung
explants. Regulation of hypoxia-inducible genes and
expression levels of hypoxia-inducible factors such as
VEGEF are necessary for proper lung development.”

The differential effects of hypoxic levels to organ sys-
tem development of the chicken was studied by Zhang
and Burggren."” Hypoxia occurring from day zero to day
10 during incubation had larger effects on embryonic
mortality and organ growth than hypoxia occurring from
day 10 to day 18. Growth of the heart and chorioallan-
toic membrane was stimulated by chronic hypoxia in the
study. However; the lung, brain, eye, liver, stomach,
beak, and toes were most affected from hypoxia.
Sustained hypoxia from the beginning of incubation in
chicken decreased blood haemoglobin and haematocrit
levels. Red blood cell concentration of embryos at day 10
were also affected. At day 18; there was no statistically
significant difference in between hypoxic and normoxic
groups. In conclusion; modest hypoxia which describes
15% oxygen level during development, or hypoxia at any
level during the late stages of development (from day 11
to day 18) increased the weights of the heart and
chorioallantoic membrane. The results of this study
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showed that the first half of embryonic development
contained critical parameters for the detrimental effects
of hypoxia and the second half of embryonic develop-
ment contained critical parameters for the compensatory
responses of hypoxia in key organs.

Schmiedl et al.” investigated the influence of prena-
tal hypoxia and/or postnatal hyperoxia on morphological
lung maturation based on stereological parameters in
mice. The aim of this study was to find out which model
best reflects morphological changes in lung development
comparable with alterations observed in bronchopul-
monary dysplasia. The authors found that prenatal
hypoxia and postnatal hyperoxia differentially influenced
the maturation of parenchyma of lungs. After hypoxia
and hyperoxia in 14-day old mice, they observed a sig-
nificant retardation in lung development morphological-
ly which lead to bronchopulmonary dysplasia like alter-
ations.

Hypoxia and Anatomic Studies

Davies et al."” developed a method based on planimetry
of elastic laminae in vessel cross sections and determined
the reactivity of microvessels of lung tissue. The authors
obtained slices from the lungs of six rats exposed to
hypobaric hypoxia for 14 days. According to their
results; after chronic hypoxia, the regression line shifted
which indicated the structural remodeling. After hypox-
ia, newly muscularized arteries were found and in these
vessels; the new internal elastic lamina was always short-
er than the external elastic lamina. A complex network of
elastin was connecting the two laminae. Sekhon and
Thurlback™ studied the morphometry of lungs in rats
between four and seven weeks of age. They divided the
rats into five groups; control, hypobaric normoxic, nor-
mobaric hypoxic, hypobaric hypoxic, and weight
matched to the hypobaric hypoxic group. In hypobaric
hypoxic and normobaric hypoxic rats; the volume of the
lungs, alveolar surface area of lungs and total number of
alveoli were increased when compared to the weight-
matched control group. In normobaric hypoxia group of
rats; mean linear intercept, mean chord length of alveoli
were increased and the number of alveoli per unit vol-
ume were decreased when compared to the weight-
matched control animals. In hypobaric hypoxia group;
the only change was the increase of mean chord length
in rats. In hypobaric normoxia group; alveolar size and
lung volume were diminished when compared with the
control groups. Lung growth was impaired in weight-
matched controls without affecting the dimension of air-
spaces. In hypobaric hypoxic and normobaric hypoxic
rats; an increase was observed in lung growth which
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overcame the nutritional effects. In the rats; Sulkowska"”

evaluated the effects of hypobaric hypoxia on lung
parenchyma and in the surfactant system-forming struc-
tures in the lungs. These changes were evaluated basing
on ultrastructural analysis by transmission electron
microscopy. In the early phase; in three days, destruc-
tive-exudative changes predominated. These ultrastruc-
tural changes were delamelation of type Il pneumocytes,
oedematous changes in the lungs (Figure 1), damage to
the lining layer of alveoli and accumulation of alveolar
macrophages in the lung tissue. In the later phases,
repair-proliferative processes were found to be predom-
inant such as increased number of type II pneumocytes
and focal intensification of fibroplasia (Figure 2). In
hypobaric conditions for 3 and 10 days; the changes
within the surfactant system-forming structures were
accompanied by the accumulation of granulocytes and
monocytes. In hypobaric conditions for 30 days; an accu-
mulation of blood platelets was detected in the vascular
bed of the lungs. Clough et al."" used x-ray microfocal
angiographic images of isolated perfused dog lung lobes
in order to detect the effects of alveolar hypoxia on pul-
monary microvascular volume. Their results showed that
the capillary volume was decreased by hypoxia in the
dogs’ lung lobes. In a scanning electron microscopic
study; Gade et al."” examined the effects of bronchial
arterial devascularization on the morphological appear-
ance of bronchi in pigs. Bronchial arterial devasculariza-
tion and bronchial transection were performed in pigs
and the ultrastructure of the surfaces of bronchi was

examined. In conclusion; the grooves in between the
bronchi were wrinkled in appearance and a large propor-
tion of the epithelial cells were devoid of cilia. New cilia
seemed to shoot up from the surface, in the study. On
the control side; the ultrastructural morphology was sim-
ilar with the normal pigs. In another study; Gade et al."”
examined the physiological consequences of porcine
bronchial transsection and reanastomosis with and with-
out bronchial artery blood supply with relation to lung
transplantation. In the study; postoperatively, bronchial
transsection and reanastomosis without bronchial artery
blood supply was resulted by a significant decrease in the
mucosal blood flow and saturation. Additionally; a sig-
nificant decrease was detected in the tissue haemoglobin
concentration. These findings provided a physiological
explanation of histological changes observed in the
study. In the microscopic examination of main bronchi
and lung parenchyma; oedema (Figure 1), slight fibrosis
(Figure 2) and inflammation were detected. In this
study; the most remarkable two findings were the oede-
matous lung septa with inflammation and beginning of
the fibrosis. In an experimental study of chronic hypoxia
by Berk et al.;"” it was shown that the chronic hypoxia
supressed elastin repair by rat lung fibroblasts.
According to their data; it was suggested that regional
hypoxia limited lung elastin repair following protease
injury at least in part by inhibiting elastin gene expres-
sion. In cases of acute hypoxia; Miserocchi"” examined
the lung interstitial pressure and structure of the lungs.
In the study; fragmentation of chondroitin sulphate pro-

—

Figure 1. Transmission electron micrograph showing oedematous
changes in lung tissue (*) in hypoxia. (Original magnification x5000) (from
the collection of author).

Figure 2. Transmission electron micrograph showing pulmonary fibro-
sis (f) in hypoxia. (Original magnification x5000) (from the collection of
author).
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teoglycans of the extracellular matrix and heparansul-
phate proteoglycans of the basement membrane were
detected in acute hypoxia. There was a decrease in tissue
elastance and an increase in the permeability of the
endothelial barriers and epithelial barriers. In the study;
when the overall proteoglycans fragmentation overcame
to a critical threshold, developing of a severe lung edema
was observed, in acute hypoxia.

In the adult mice; Reinke et al."” examined the effects
of chronic intermittent hypoxia on lung growth. The
morphometry of the lungs, mean airspace chord lengths
of lungs and alveolar surface areas of lungs were deter-
mined. In the study; it was shown that intermittent
hypoxia increased the lung volumes and alveolar surface
areas in the experimental model. Secondly; intermittent
hypoxia induced a 60% increase in cellular proliferation,
however; the number of proliferating type II alveolocytes
were tripled. The authors could not be able to detect any
increase in apoptosis. Other important findings of the
study were upregulation of pathways for cellular move-
ment, cellular growth and development in chronic inter-
mittent hypoxia. Key developmental genes, vascular
endothelial growth factor A and platelet-derived growth
factor B were also upregulated by chronic intermittent
hypoxia in adult mice. Zhang et al."” studied the effects
of hypoxia on the histological structure of rats’ lungs.
Their results demonstrated that mild edema and inflam-
matory cell infiltration appeared in the lung tissue at the
third day of hypoxia. As the treated time extended; a
gradually aggravated inflammation was observed in the
rats. In the rats, due to the increase of the exposure time
to normobaric hypoxia; interalveolar septa became thick-
er and thicker. By using in vivo high-resolution comput-
ed tomography measurements; Llapur et al.”” examined
the effects of chronic hypoxia on lung growth. In the
study; a number of 19 healthy adults living at 2.000
meters above sea level and a number of 23 healthy adults
living in 400 meters above sea level underwent high-res-
olution computed tomography. In between the two
groups; differences in the total lung volume, air volume
and lungs’ tissue volume were compared. Additionally;
the mean lung densities of the two groups, airway
lumens and wall areas in anatomically matched airways
were compared in between the two groups. The authors
detected no significant differences for age, sex, weight or
height in between the two groups. Their results showed
that the adult lung did not increase its lung volume later
in life by expansion of an existing number of alveoli.

Rivolta et al.”" developed a hypoxia model by apply-
ing 10% of oxygen to Wistar male rats for 30 days and
compared the results with the control animals. The
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researchers measured: pulmonary interstitial pressure,
cardiac and haemodynamic parameters by echocardiog-
raphy. Additionally; they examined the morphometry of
lungs in the lung specimens obtained after fixation in
situ. After the exposure of hypoxia to rats; mean + stan-
dard deviation of pulmonary interstitial pressure was
increased, air/tissue volume ratio was decreased and cap-
illary vascularity index in the air-blood barrier was
increased in hypoxic rats, when compared with the con-
trol group. In normal regions of the lung tissue; the den-
sity of pre-capillary vessels was increased and their thick-
ness/internal diameter ratios were decreased. In the
oedematous regions of the lungs; opposite results were
obtained. In chronic hypoxia group of animals; the pul-
monary artery pressure was increased, when compared to
controls. In oedematous regions of lung tissue, the
decrease in capillary vascularity was found to be corre-
lated with the remarkable increase in interstitial pres-
sure. Additionally; the morphometry of pre-capillary
vessels suggested an increase in vascular resistance, in
chronic hypoxia. In regions of normal lung tissue; the
opposite findings were detected. In hypoxic state; an
acute inflammatory reaction was observed in some stud-
ies found in the literature. The authors of these studies
explained this condition by the activation of bone mar-
row and immigration of inflammatory precursor cells. It
was measured by the increase of pulmonary granulocytes
and megakaryocytes.””” In humans; the lack of oxygen
resulted in a tremendous increase of perivascular mast
cells, being rapidly recruited in the lungs within a few
minutes.”” In the experimental study of Orth et al.”” per-
formed on rats; the duration of hypoxia necessary for
mast cell degranulation took only five minutes. Schmied]
etal.” examined the lung parenchyma of 14-day old mice
with light microscopy and electron microscopy. In the
study; well-developed formed septa, normal alveoli and
normal alveolar ducts were observed in the lungs of con-
trol group. Prenatal hypoxia induced lungs of mice
showed lung parenchyma without clearly visible alter-
ations, when compared to control animals. Postnatal
hyperoxia induced lungs of mice indicated more expand-
ed airspaces with fewer septa than the control group. In
the microscopic examination; the lungs exposed to pre-
natal hypoxia and postnatal hyperoxia displayed enlarged
parenchymal airspaces surrounded by thick septa.
Hypoxia and hypoxia signalling have many negative
effects on the lung tissue. Fibroblast proliferation,
inflammatory cell infiltration and interstitial thickening
are the main pathological findings. These pathological
findings are combined with alveolar ventilation defects
in order to increase the oxygen consumption and limit
the oxygen supply to the injured lung tissues. As a result;
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local tissue hypoxia is observed in the lungs. In the lung
tissues of patients having idiopathic pulmonary fibrosis
or cystic fibrosis, and in the experimental models devel-
oped idiopathic pulmonary fibrosis or cystic fibrosis in
mice; increased stabilisation of hypoxia-inducible tran-
scription factor (HIF-1c) had been detected.”**”
Following exposure to hypoxia; a proliferation was
observed in the fibroblasts and these fibroblasts had the
highest quantity of excreted collagen; mainly the type-I
collagen.” As a result of all these studies; it can be con-
cluded that hypoxia is involved in the development of
pulmonary fibrosis (Figure 2). In an experimental study
performed on rats; Ge et al."" investigated the patholog-
ical changes on upper and lower respiratory tract in
chronic intermittent hypoxia. In conclusion; chronic
intermittent hypoxia formed irreversible changes both at
upper and lower respiratory tracts in the rats. The thick-
ness of the lamina propria of soft palate was significantly
increased in hypoxia group. Additionally, in rats; pul-
monary interval thickening was detected in the lungs.

Hypoxia and Molecular Studies

In hypoxic human lung fibroblast cell cultures, Shan-Shan
Liu et al.”” examined the effects and underlying mecha-
nisms of angiotensin II on collagen synthesis. After hypox-
ic treatment; angiotensinogen, angiotensin converting
enzyme, angiotensin II type 1 receptor and angiotensin II
type 2 receptor expression levels in human lung fibroblast
cell cultures were analysed by using real-time polymerase
chain reaction. Secondly; collagen type I, angiotensin II
type 1 receptor and nuclear factor kappaB (xB) protein
expression levels were detected by using Western blot
analysis. In addition to all these analyses; nuclear factor kB
nuclear translocation was measured by using immunoflu-
orescence localization analysis. Angiotensin II levels in
human lung fibroblast cell cultures were measured by
using enzyme-linked immunosorbent assay (ELISA)
method. The authors found that hypoxia increased colla-
gen type I mRNA and protein expression levels in human
lung fibroblast cells. According to the results of the study;
it has been shown that these effects could be inhibited by
an angiotensin II type 1 receptor or angiotensin II type 2
receptor inhibitor. After exposure to hypoxia; the levels of
nuclear factor kB, renin-angiotensin system components
and angiotensin II production in human lung fibroblast
cell cultures were significantly increased. Tsao and Wei™
developed a prenatal hypoxia model in mice experimental-
ly. In these animals; the authors examined the role of vas-
cular endothelial growth factor (VEGF) and VEGF
receptors in fetal lung development and maturation. In
the study; prenatal hypoxia resulted in fetal mice body
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weight gain impairment and the authors observed delayed
fetal pulmonary aeration and maturation in mice.
Pulmonary surfactant proteins SP-A, SP-B, SP-C, and
SP-D mRNA were all decreased in the prenatal hypoxia
group in mice. In addition, the authors demonstrated that
prenatal hypoxia inhibited the developmental increase of
pulmonary hypoxia-inducible factors HIF-1o and HIF-
200 expression and resulted in decreasing VEGF and its
receptors (Flt-1 and Flk-1) at the mRNA expression level.
Secondly; the VEGF protein levels in fetal lungs were also
found to be decreased.

Primary murine alveolar epithelial cells were exposed
to 1% of oxygen for 24 hours in order to develop a hypox-
ia model in wild-type mice. In the study; a significant sup-
pression of key innate immune molecules was observed.
These key innate molecules included granulocyte-
macrophage colony stimulating factor, CCL2, and IL-6.
Any toxicity finding was not observed in the experimental
model, however; it induced stabilization of hypoxia
inducible factor la protein and shift to glycolytic metabo-
lism. The researchers found that hypoxia greatly decreased
the rate of granulocyte-macrophage colony stimulating
factor transcription. In another experimental model; the
mice were exposed to hypoxia in vive by the application of
12% oxygen for two days. In this model; the lung granu-
locyte-macrophage colony stimulating factor protein
expression was reduced and iz vivo phagocytosis of fluo-
rescent beads by alveolar macrophages was suppressed. In
conclusion of all these studies; it can be suggested that in
critically ill patients; local hypoxia may contribute to the
susceptibility of poorly ventilated lung units to infection
through complementary effects on several pathways
reducing alveolar epithelial cell expression of granulocyte-
macrophage colony stimulating factor and other key
innate immune molecules.™ Many studies found in the lit-
erature revealed micro-RNAs to be involved in modula-
tion of hypoxia-induced pulmonary hypertension.””
Blissenbach et al.” examined the plasma micro-RNA lev-
els in order to make a correlation with hypoxia induced
pulmonary hypertension. In the study; plasma micro-
RINAs were evaluated in a model of hypoxia-related pul-
monary hypertension in humans exposed to extreme alti-
tude. Plasma levels of micro-RNA -17, -21, and -190 were
measured by real-time quantitative PCR method. The
obtained results were correlated with systolic pulmonary
artery pressure, which was assessed by echocardiography.
In the study; a significant altitude-dependent increase in
circulating micro-RNAs expression was detected.

Four hours of exposure to a simulated altitude of
31,000 feet; Martinez-Romero et al.”” studied compara-



tively the effects of pharmacological inhibitors of nitric
oxide production or Poly (ADP-ribose) polymerase activ-
ity in the response of the mouse cerebral cortex. The
researchers analysed nitric oxide and reactive oxygen
species production, the expression of nitric oxide synthase
isoforms, Poly (ADP-ribose) polymerase-1 activity,
hypoxia-inducible factor-1 alpha expression and hypoxia-
inducible factor-1 transcriptional activity, the protein level
of the factor inhibiting hypoxia inducible factor, and at last
beclin-1 and fractin expression, as markers of cellular
damage. According to their results; the reduction of nitric
oxide level did not affect reactive oxygen species produc-
tion. However; significantly dampened the post hypoxic
increase in neuronal nitric oxide synthase and inducible
nitric oxide synthase expression without altering endothe-
lial nitric oxide synthase protein level; prevented Poly
(ADP-ribose) polymerase activation; decreased hypoxia-
inducible factor-1 alpha response to hypoxia; achieved a
higher long-term hypoxia-inducible factor-1 transcrip-
tional activity by reducing factor inhibiting hypoxia-
inducible factor expression and reduced hypoxic damage.
"Their results provided an important data about the molec-
ular mechanisms underlying the beneficial effects of con-
trolling nitric oxide production under hypobaric hypoxic
conditions. Singh et al.”” examined the roles of activator
protein-1 (AP-1) transcription factor; mitogen activated
protein kinases (MAPKSs) which are the c-Jun N-terminal
kinase (JNK), extracellular-signal regulated kinase (ERK)
and p38 in the hypobaric hypoxia induced changes in lung
tissue. In rats; immediate response to hypobaric hypoxia
induced c-Jun:c-Fos subunits of AP-1; responsible for
proliferation that might cause inhomogeneous vasocon-
striction leading to vascular leakage and inflammation at
increased duration of hypobaric hypoxia exposure.
Secondly; hypoxia resulted in significant increase in reac-
tive oxygen species (ROS), vascular endothelial growth
factor (VEGF) and decreased nitric oxide (NO) in hypo-
baric hypoxia conditions. These act as signaling molecules
for activation of MAPK and also contribute in develop-
ment of vascular leakage which was an indicator of pul-
monary edema.

In rats submitted to acute hypobaric hypoxia; Rus et
al.*" measured endothelial and inducible nitric oxide syn-
thase (eNOS, iNOS) mRNA and protein expression, loca-
tion, and in situ Nitric Oxide Synthase activity as well as
nitrated protein expression and location. In addition,
nitric oxide levels were indirectly quantified (NOx) as well
as the apoptosis level. The researchers detected an
increase in eNOS mRNA, protein activity and eNOS pos-
itive immunostaining at 0 h posthypoxia which coincided
with raised NOx levels. However; the iNOS, nitrated pro-
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tein expression and apoptosis level augmented during the
final reoxygenation times. The authors concluded that
eNOS was responsible of the immediate response, pro-
ducing nitric oxide, which caused vasodilation and bron-
chodilation in lung tissue. Secondly; iNOS was related to
the second late response, which seemed to be involved in
some of the deleterious consequences that hypoxia
induced in the lung. In another study; by using a nitric
oxide synthase (NOS) inhibitor, Rus et al.* searched to
clarify the current controversy concerning the double pro-
tective/toxic role of endogenous nitric oxide under hypox-
ia/reoxygenation situations. The study was conducted in
rats submitted to hypoxia/reoxygenation with or without
prior treatment using the nonselective NOS inhibitor L-
NAME. Their results showed that after L-NAME admin-
istration, in situ NOS activity was almost completely elim-
inated and consequently, NOx levels fell. Lipid peroxida-
tion and the percentage of apoptotic cells rose at the ear-
liest reoxygenation time, but decreased in the later peri-
ods, in the study.

Hypoxia and Tumors

Hypoxia occurs frequently in solid tumors and this condi-
tion is a poor prognostic factor for the outcome of the
patients. Hypoxia promotes tumor cell proliferation, inva-
sion of tumor cells, angiogenesis, resistance to therapeutic
agents and occurrence of metastasis. In a growing tumor;
two forms of hypoxia can be observed: Chronic hypoxia
caused by abnormal tumor vasculature and intermittent
hypoxia caused by transient perfusion facilitated by
tumor-supplying blood vessels. In the presence of inter-
mittent hypoxia; many genetic, molecular, biochemical,
and cellular changes are detected. All of these changes
facilitate the survival of tumor cells and their colonization.
Depending upon to all these results; metastatic growth

rate of the cancer cells increases.™

In order to reveal the possible mechanisms of brain
metastases of lung cancers; Wei et al."” studied the rela-
tionships in between hypoxia and hypoxia inducible fac-
tor-la. (HIF-1a) in lung cancer cells. The hypoxia model
of A549 lung cancer cells was established in the study.
After the hypoxia culture of A549 cells for 0.5, 2, 4, 8, 12
and 24 hours; the concentration of HIF-1o in A549 lung
cancer cell culture medium were determined by ELISA
test. In conclusion; hypoxia induced the increase of HIF-
la in lung cancer cells. Due to the increase of HIF-1a in
A549 lung cancer cells; a decrease was detected in
Claudin-5 expression. These changes increased blood-
brain barrier permeability which lead to the metastases of
lung cancer cells into the brain tissue.
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Conclusion

Clinical manifestations of acute, intermittent or chronic
hypoxia have negative effects on lung maturation during
the embryological period which has been shown by many
experimental models designed on animal studies. Hypoxia
also affects the morphometry, anatomy and microscopy of
lung tissue in the adults. Chronic hypoxia accentuates lung
growth by increasing the lung parenchyma. However; the
airways in the lung tissue were found to be normal in
hypoxic cases. Histology of lung tissue shows microscopic
changes due to hypoxia. Mild edema and inflammatory cell
infiltration appear in the lung tissue in experimental stud-
ies performed on animal models. In cases of hypoxia; the
lung parenchyma shows destructive exudative changes in
the early phase; in the later phases repair and proliferative
processes are dominant. Decrease of capillary volume,
suppression of elastin repair in lung fibroblasts and pul-
monary fibrosis are other clinically important findings of
hypoxia. Due to hypoxia; the receptors responsible from
fetal lung development are also affected. In molecular
studies; hypoxia induced pulmonary hypertension, sup-
pression of many immune molecules, major changes at the
levels of various enzymes and growth factors were detect-
ed in the researches. Additionally; hypoxia causes to an
increase in the amount of lung cancer cells and therefore;
induces the metastases of lung cancer cells to brain tissues.

Exposure to hypoxia during embryological period
must be avoided for normal lung maturation in the fetus.
In the adult; if morphometric, anatomic or microscopic
changes are observed in the lung tissue; exposure to
hypoxia must also be remembered in differential diagno-
sis. If pulmonary hypertension, suppression of immune
molecules, changes in the levels of enzymes or growth fac-
tors are detected in molecular studies of lung tissue; the
possibility of the exposure to hypoxia must also be remem-
bered. Additionally, in cases of lung cancers, in order to
control the over increase of cancer cells or spread of
metastases; a great care should be taken to keep patients
away from hypoxic environment.
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Communicating vein between the right external
and internal jugular veins: a case report

Eleni Patera (©), Abduelmenem Alashkham
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Abstract

The external jugular vein is a superficial vein that has a relatively diagonal to vertical course in the neck region and runs super-
ficial to the sternocleidomastoid muscle. This vein is formed by the union of the posterior division of the retromandibular vein
with the posterior auricular vein and it is responsible for draining most of the scalp and face as well. Sound knowledge of vari-
ations of the external jugular veins and the internal jugular veins, is important as these veins are used or targeted in specific
medical procedures such as external jugular vein cannulation or radical neck dissection, respectively. During routine postgrad-
uate dissection of the neck region in a 58-year-old female cadaver, the right external jugular vein was seen communicating
with the right internal jugular vein via a communicating vein. The communicating vein was located approximately at the lower
border of the thyroid cartilage and the upper border of the cricoid cartilage. A thorough understanding of anatomical varia-
tions is important in various medical disciplines and more specifically to anatomists, radiologists, and surgeons. This case report
does not solely aim to increase awareness regarding variations of the jugular veins that can be possibly encountered during a
neck endovascular procedure, but also contribute to the identification of the prevalence rate of this variation.

Keywords: anatomical variation; anatomy; communicating vein; jugular veins
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vian vein lateral or anterior to the scalenus anterior mus-
(12
cle.

Introduction
The external jugular vein is a superficial vein in the lat-
The internal jugular vein receives blood from the
brain, scalp, superficial parts of the face, and neck. The
internal jugular vein is a continuation of the sigmoid sinus
and it begins at the cranial base in the posterior compart-
ment of the jugular foramen from which it passes through
and descends in the carotid sheath where it unites with the
subclavian vein posterior to the sternal end of the clavicle
to drain into the brachiocephalic vein."”

eral cervical region which is responsible for draining
most of the scalp and side of face. It begins near the angle
of the mandible, inferior to the auricle and is formed by
the union of the posterior division of the retromandibu-
lar vein with the posterior auricular vein." The external
jugular vein descends from the angle of the mandible to
the middle of the clavicle. Through its course the exter-

nal jugular vein crosses the sternocleidomastoid muscle . . L
Awareness of jugular veins variations is significant dur-

obliquely and superficial to it. The external jugular vein ing the conduction of endovascular procedures taking

is deep to the platysma and eventually enters the
anteroinferior part of the lateral cervical region. The
external jugular vein pierces the investing layer of the
deep cervical fascia at the posterior border of the stern-
ocleidomastoid muscle, descends to the inferior part of
the lateral cervical region and terminates in the subcla-

place in the neck region. The aim of this study was to
report an anatomical variation of the right jugular veins
that is different from the anatomical variations of the jugu-
lar veins that have been currently described in the litera-
ture and to contribute into the identification of the rate of
which this anatomical variation is encountered.

This study has been presented as a poster at the BACA Winter Conference at New Castle University, United Kingdom in December 17, 2019.
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Case Report

This study was conducted in Anatomy, University of
Edinburgh on five formalin fixed adult human cadavers
aging between 58-101 years of which 2 were male and 3
were female. A full dissection of the thorax and neck
regions was performed. The body was in the supine posi-
tion and the neck was rested on a rubber neck rest allow-
ing slight head extension and access to the neck structures.
The platysma muscle and the sternal and clavicular heads
of the sternocleidomastoid muscle were detached from
their origin. The sternohyoid, sternothyroid and omohy-
oid muscles were removed from their origin and reflected
upwards. Sharp dissection was performed by using a
15mm scalpel to remove the carotid sheath of the deep
cervical fascia that covered the carotid vessels and the
internal jugular veins and to expose the jugular veins.

In a 58-year-old female cadaver, the right and left
external jugular veins were normally formed by the union
of the posterior division of the retromandibular vein and
the posterior auricular vein. The right external jugular
vein was seen communicating with the right internal jugu-
lar vein via a communicating vein (Figure 1). This varia-
tion occurred only in one out of the five cadavers. The
communicating vein was posterior to the sternocleidomas-
toid muscle and was located approximately at the lower
border of the thyroid cartilage and the upper border of the
cricoid cartilage. The communicating vein was approxi-
mately 1.5 cm in length and its diameter was around 3.82
mm. The right internal jugular vein was larger in diameter
compared with the right external jugular vein. The right
external and internal jugular veins drained normally into
the right subclavian and right brachiocephalic vein,
respectively. No variations were encountered in the jugu-
lar veins of the left side of the neck.

Discussion

Classical anatomical textbooks describe the external
jugular vein being formed by the posterior division of the
retromandibular vein and the posterior auricular vein."”
The internal jugular vein is often described to be formed
by the union of the sigmoid and inferior petrosal venous
sinuses. Classically, there is one external and one inter-
nal jugular vein on each side of the neck and no commu-
nication between these veins.

In the current literature, variations of the jugular
veins have been well reported. Paraskevas et al.” report-
ed a rare case where three external jugular veins were
found to co-exist with two anterior jugular veins. In con-
trast, another case report reported absence of the left
EJV. As the EJV was absent, the posterior division of the

retromandibular vein drained directly into the IJV.”
Kayiran et al. reported absence of the right IJV which
was identified primarily by ultrasonography, CT, and
MRI scans, after the patient presented with a painless
cervical mass on the lateral side of the neck. The left [JV
was observed to be significantly thicker. The authors
attributed this case as a congenital agenesis event.

In the literature, there are currently three published
case reports that describe communication between the
external and internal jugular veins. Uemura et al.,” pub-
lished a rare case report of a right partial and double IJVs.
Initially, authors reported in their abstract that the right
IJV was found to bifurcate into a medial and a lateral

branch at the middle of the fifth cervical vertebral body

Figure 1. Lateral view of the right side of the neck region showing the
variation of the jugular veins. The communicating vein held by the for-
ceps is found between the right internal jugular vein (A) and the right
external jugular vein (B). CT: cricothyroid muscle; LBCV: left brachio-
cephalic vein; M: masseter; RBCV: right brachiocephalic vein; RCC: right
common carotid artery; RSA: right subclavian artery; RSV: right subcla-
vian vein; SCM: sternocleidomastoid muscle (reflected); T: thyroid gland.
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with both branches draining into the right subclavian vein.
Subsequently in their results, authors mentioned that the
lateral branch of the right IJV joined the right EJV where-
as the medial branch of the right IJV drained directly into
the right subclavian vein. The medial and lateral branches
of the IJV ran parallel during their descending course in
the neck. In addition, the authors reported that the EJV
was formed by the confluence between the right superfi-
cial temporal and maxillary veins which then divided into
a medial and lateral branch, at the level of the superior
margin of the right SCM muscle. The medial and lateral
branches of the right EJV joined again at the inferior bor-
der of the SCM and drained into the distal portion of the
right EJV. The right EJV along with the lateral branch of
the right IJV eventually drained into the right subclavian
vein. Authors concluded that the medial branch of the
right IJV was in fact the right IJV and that the lateral
branch of the right IJV has in fact developed from the
right EJV because the anterior jugular vein drained into it.
Hence, they concluded that the lateral branch of the right
EJV was a communicating branch between the right EJV
and IJV. Overall, there is some ambiguity in this case
report as authors primarily mentioned that the right [JV
gave a medial and a lateral branch which they then con-
cluded that it was instead a branch of the right EJV that
communicated the right EJV and IJV. Further ambiguity
toward our understanding over this anatomical variation is
present, as the cadaveric images provided in this article do
not allow the reader to have a clear view over the course
of the veins described and their drainage pathway as well.

Lalwani et al.” reported an abnormal communication
between the EJV and the IJV. The authors reported that
a venous channel arose from the EJV, traversing the
anterior border of the sternocleidomastoid muscle ulti-
mately descending to drain into the IJV. Authors failed
to show an image of this venous channel emptying in the
IJV as deep dissection to remove the SCM muscle to
expose the IJV was not performed. No information was
provided regarding the length of the venous channel that
was found between the EJV and IJV. In contrast, results
from our case report, report a communicating vein
between the right EJV and IJV that was identified after
performing deep neck dissection (Figure 1).

Another rare case report by Karapantzos et al.” report-
ed an anastomosis between the right EJV and IJV.
Authors mentioned that this shunt seemed to come off the
right EJV, passed through the sternocleidomastoid muscle
eventually leading to the IJV where it drained into even-
tually allowing authors to conclude that this shunt was an
extra EJV. The figure showing this anastomosis between

Anatomy e Volume 15 / Issue 1 7 April 2021

the EJV and IJV hinders our understanding over this vari-
ation, as adjacent anatomical structures including the ster-
nocleidomastoid muscle and thyroid cartilage were not
indicated. Additionally, by looking at the figure, it seems
that the shunt was posterior to the sternocleidomastoid
muscle, it ran obliquely eventually draining into the left
IJV and not the right IJV as authors reported.

In contrast to the aforementioned studies that report-
ed a communication between the EJV and IJV, results
from our case report, report a communicating vein
between the right EJV and IJV that was posterior to the
sternocleidomastoid muscle and was located approxi-
mately at the level of the upper border of the cricoid car-
tilage. Its length was approximately 1.5 cm, its diameter
was around 3.82 mm and its course was horizontal. The
communicating vein between the right EJV and IJV
described in our current case report, differs significantly
from the communicating vein between the jugular veins
that has been previously described in the literature by
Uemura et al.,” Lalwani et al.,"” and Karapantzos et al.”
Such anatomical variation has not been previously

described in the current literature to the best of our
knowledge.

Knowledge of variations of the jugular veins is indis-
pensable prior the conduction of surgical endovascular
procedures within the neck region including radical neck
dissection surgeries. Radical neck dissection is a surgical
oncology procedure that is being conducted for the man-
agement of metastatic nodal disease in the neck."” As the
neck is a region that is rich in lymph nodes, radical neck
dissection is performed in individuals with certain types
of head and neck cancer."" In the past, Conley described
radical neck dissection as the most effective surgical pro-
cedure for controlling suspected or gross metastasis in
the neck region via the removal of lymph nodes in the
neck."” Despite this, Harish highlighted that when extra-
capsular spread or perineural invasion due to lymph
node metastasis is present, radical neck dissection is not
adequate for the removal of the tumour thus, the use of
radiation in addition to the radical neck dissection might
be necessary for specific patients."’

In radical neck dissection, the internal jugular vein
undergoes removal along both the sternocleidomastoid
muscle and the spinal accessory nerve. In modified radi-
cal neck dissection type I, the internal jugular vein and
the sternocleidomastoid muscle undergo removal. In
modified radical neck dissection type II, the internal
jugular vein is preserved."”

Knowledge of variations of the jugular veins such as a
communicating vein between the external and internal
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jugular veins is indispensable prior the conduction of
radical neck dissection and modified radical neck dissec-
tion type I as the EJV is ligated prior the IJV. Therefore,
unawareness of such variation can eventually lead to
excessive bleeding.

Conclusion

Opverall, a thorough understanding of variations of the
jugular veins is indispensable prior the conduction of sur-
gical endovascular procedures within the neck region.
Additionally, the documentation of anatomical varjations
contributes to the identification of the actual prevalence
rate of specific anatomical variations within a body region.
Once, an anatomical variation has been reported in the lit-
erature to a great extent by numerous studies, then, it can
be included as a frequently encountered anatomical varia-
tion in the anatomical variation section in anatomical text-

books.
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Plastination is a method that has grown in popularity over time, used for the preparation of educational and exhibition sam-
ples. We have created many and various anatomical samples to be used in the education of our students in the plastination
laboratory we have established since 2010. In this article, it is aimed to explain how our 10-year plastination collection was
affected by the fire that broke out in our laboratory building in June 2020 and to bring this information to the literature.
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Plastination has been developed and diversified with
numerous studies published over the years since the first
introduction of Von Hagens’ technique."” In recent
years, studies that reveal the importance and value of
plastination, especially with its contribution to health
sciences education, come to the fore.”” With real tissue-
based samples prepared with the plastination method,
students are provided to learn anatomy in hygienic and
safe environments, especially at the undergraduate level.
Plastination also made it possible to enrich educational
materials by creating samples dissected at different
stages, coloring important structures, or cross-section
samples prepared in different thicknesses from different
planes.” " In addition to these, resistance to physical fac-
tors (such as ultraviolet or impact), no need for special
storage conditions, and long-term usage of the plasti-
nates provide economic use and sustainability of cadav-
ers, which can be difficult to obtain in some countries."”

In our department, we have been using plastinates,
which we have produced with various techniques since
2010, together with embalmed samples in our students'
practical anatomy lessons. While we prefer silicone plasti-
nation (Biodur Products GmbH, Germany) especially for
preparing three-dimensional samples (such as dissected
upper and lower extremities, thorax and cranium), we also
prepare cross-sectioned samples with epoxy (Biodur
Products GmbH, Germany) and polyester (Poliya,
Turkey) techniques. However, with the technique we
have developed, we can also produce silicone plastinates

deomed.

from serial sectioned (2-10 mm) materials (such as sagittal
foot, sagittal knee joint flexed, coronal hand and head sec-
tions)."*"”" We archive the prepared samples by giving
code numbers and store (also exhibit) them in glass-door
cabinets at the entrance of the anatomy laboratory. These
plastinates are used during the relevant practical lessons
and students’ positive feedbacks are received.

Unfortunately, most of our macroscopy laboratory
was damaged in an unfortunate fire on June 15, 2020.
"This fire broke out in the entrance of the laboratory and
affected the cabinets where the plastinates were stored.
The cabinets were partially burned, and the glasses on
the cabinet doors exploded and partially melted due to
the heat (Figure la). According to the information
received from the fire department, the temperature in
the area where the cabinets are located has exceeded
700°C degrees. When we checked the condition of the
plastinates inside the cabinets after the quenching and
cooling processes, it was found that the plastic bases were
completely melted, but surprisingly the plastinates did
not suffer any damage. It was seen that the surfaces of the
plastinates were coated with adhesive black soot (Figure
1b). All the plastinates in the cabinets were removed, the
adhesive soot was cleaned twice in warm dishwashing
water with a toothbrush and sponge, and the samples
were rinsed and placed on blotting papers to dry
(Figures 1c and d).

It has been observed that even after being exposed to
extreme heat, covered with soot, and washed with deter-
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gent water, the plastinates are preserved as on the first
day and are not adversely affected by the whole process.
Our entire collection is saved and usable.

Highly visual anatomical structures obtained by per-
forming detailed and laborious dissections unfortunately
lose these properties in long-term formalin fixation.

Fireproof plastinates 89

Thanks to plastination, the first-day characteristics of the
detailed structures shown by dissections are preserved and
educational materials that can be easily worked with bare
hands and used in the same way for many years can be cre-
ated. In addition, exposure to the negative effects of forma-
lin such as bad odor, skin and mucosal irritation and other

Figure 1. (a) The damage done by fire. (b) Sectional head specimens completely coated with adhesive soot. (c) Cleaning the adhesive soot in warm
dishwashing water with sponge, the remaining soot (white arrow heads) was then cleaned with the help of a toothbrush. (d) Rinsed and dried
samples are ready for use.
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toxic effects during practical lessons are also eliminated."”

It has been shown that not only fresh specimens, but also
old formalin-fixed cadavers and organs can be plastinated,
and that existing educational materials can be used in a
healthier and longer time."”

Today, plastination is carried out in many countries
in medical and veterinary faculties and by some private
companies.”” In our country, however, only a few plasti-
nation is done in the laboratories of a few faculties with
limited facilities. Some universities are imported plasti-
nated samples in limited numbers and at high costs to be
used in anatomy lessons. The durability, resistance to
physical factors, easy storage conditions, and long-term
usage are well known properties of plastinated speci-
mens. This article also deals with their resistance to fire
and high temperatures and their ability to be cleaned
with detergents.

We think that with the widespread production and
use of plastinated materials in education in our country,
the cadaver problem experienced in medical faculties will
be solved to a certain extent, and the quality of education
will be increased with appropriate educational materials
and a positive contribution will be made to the economy.

In our literature search, we did not find a study con-
taining direct information about the heat resistance of
plastinates. Therefore, we think that the experience we
gained as a result of a misfortune is important and should

be shared.
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This article is dedicated to the memory of Prof. Dr.
Dogan Taner, the former Dean of Hacettepe University
Faculty of Medicine and the head of Department of
Anatomy, who passed away on March 12, 2021 in Ankara.
He was one of the greatest clinical anatomist many of us
are familiar with. It was not only my personal, but also all
Turkish Anatomists’ grief to learn the decease of Prof. Dr.
Dogan Taner.

His contributions to medical education, clinical anato-
my and personal supports to the development of academ-
ic career of many Turkish anatomists, including myself,
will never be forgotten. I had the honor of being a research
assistant to him and working together with, at the begin-
ning of my academic life, which was a great privilege.

He was a wonderful mentor, a very knowledgeable per-
son and an irreplaceable figure in Anatomy worldwide. He

Figure 1. Hacettepe Anatomy Family, 2019, Ankara. From left to right, upper row: Seza Arbay, Kiibra Yildinm, Beliz Tascioglu, Emine Ozkul, Ergiil
Ersoy, Tulin Aras; middle row: Dogan Aksit, Bedia Sancak, Dogan Taner, Siddik Karatay, Sezgin llgi; lower row: Nuran Yener, Meserret Cumhur.

deomed.


https://orcid.org/0000-0001-8781-1719

92 Demiryiirek D

was also one of the honorary members of the Turkish
Society of Anatomy and Clinical Anatomy. That is one of
the several reasons why I wanted to write this article for his
memory. You will have chance to read and learn more
about him in this article.

Dr. Dogan Taner was born in Cyprus in 1930. After
completing his primary, secondary and high school educa-
tion in Cyprus, he started his medical education in Istan-
bul University Faculty of Medicine and graduated as a
medical doctor in 1955.

He started his residency program in cardiology at New
York Medical College, New York City, United States in
1955 and received his degree in 1960. He worked as a car-
diologist at West Hendon Hospital-London and London
University St. John’s Hospital between 1960 and 1963.
Since he was born in Cyprus, he joined the academic staff
of Hacettepe University Faculty of Medicine as a foreign
lecturer in 1964. He received his Associate Professor title
in the Department of Anatomy and after being a Turkish
citizen, he received his Professor of Anatomy title in 1971.

Prof. Dr. Dogan Taner was one of the founders of
Department of Anatomy at Hacettepe University Faculty
of Medicine and he was the head of the department for so
many years until his retirement. Additionally, during his
professional life at Hacettepe University, Dr. Taner
worked as the faculty’s Phase 2 medical students coordi-
nator (1965-1966, 1969-1971), Director of Medical
Technology High School (1967-1971), General Secretary
of Institute of Population Studies (1971-1972), Chief

|
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Figure 2. The board of “Associate Professor Academic Title”. From left
to right: Meserret Cumhur, Dogan Aksit, Bedia Sancak, Siddik Karatay,
Ilhan Eralp, Dogan Taner.

Coordinator of Medical Education (1971-1981), Director
of Institute of Modern Lingustics (1973-1974), Head of
Basic Medical Sciences (1973-1981, 1994-1997), Dean of
Health Sciences Faculty (Medicine and Health Sciences
Post Graduation Education Faculty) (1975-1981), Dean
of Faculty of Medicine (1982-1991) and Editor of
Hacettepe Medical Journal (1983-1991).

Dr. Taner was one of the founders of Association of
Medical Education in Europe and worked as an advisory
board member between 1972 and 1994. He also worked
as General Secretary of Education Council of Medical
and Health Sciences of Turkish Universities (1978-

Figure 3. New year party, 1994, Ankara. From left to right: Nuran Yener, Dogan Aksit, Bedia Sancak, Dogan Taner, Meserret Cumhur, Engin Kural,
Selda Onderoglu, Alper Atasever.

Anatomy e Volume 15 / Issue 1 7 April 2021



1994), one of the founders of Turkish Medical Education
Presidential (1984-1994), Executive Committee member
of Association of Medical Deans in Europe (1990-1993),
Membership of The Scientific and Technological
Research Council of Turkey-Scientist Education Group
(1991-1993), Membership of Interuniversity Board
Associate Professor Ethics Board (2002-2004). In 1997
Dr. Taner was appointed as the advisor of President of
Higher Education Council.

Prof. Dr. Dogan Taner worked as a consultant for
World Health Organization in 1972 and 1976. At several
meetings in the field of medical education, he represented
his university and country at European Council, OECD
and ECFMG many times.

His scientific fields of interest were clinical anatomy
and medical education. After a lot of effort and hard work,
he founded the first ever-English Faculty of Medicine in
Turkey. He also applied the systematic committee learn-
ing system in medical education instead of classical med-

ical education, which was a great innovation for Turkey in
the field of medicine.

Not only was many international publications, Dr.
Taner also the editor of two books; Functional Anatomy
and Functional Neuroanatomy. In July 22, 1997 Prof. Dr.
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Dogan Taner retired from Hacettepe University after
many years of productivity and hard work. He was married
to Gudrun Taner for 55 years and they had two daughters,
Deniz and Aylin.

He attended the meetings of international associations
frequently, also won prizes for ‘Medical education’. He
remained memorable for his style of lectures, presenting
with an easiness and high standard. During his lectures, he
used to use a pointer for choosing a student, and then he
would ask his questions about the lecture to the student
behind or next to him, so that he could keep the attention
on the lecture until the end of time.

When I saw him as a presenter for the first time at a
lecture of neuroanatomy of at Hacettepe in 1996, I was
deeply moved and impressed by the manner of his presen-
tations, the standard and the clinical background of his sci-
entific work. He became an idol for me, to work hard and
to my best in presenting our scientific work on national
and international platforms. Moreover, he was a respected
person with high reputation at that time. In addition, he
always highlighted the affiliation to the University of
Hacettepe and was proud to be part of the department and
faculty. All the upcoming years, he surprised everyone
with new investigations and never rested to support young

Figure 4. Hacettepe Anatomy Family, 1992, Ankara. From left to right; upper row: Hakan Oztiirk, Mine Ergun, Alper Atasever, Cem Denk, Selda
Onderoglu, Emine Ozkul, Mustafa Aldur, Mirvet Tuncer, Demet Zagyapan, Selcuk Suriicti, Mustafa Sargon, Barbaros Durgun, Hamdi Celik, Engin
Yilmaz; lower row: Ruhgiin Basar, Dogan Aksit, Bedia Sancak, Dogan Taner, Engin Kural, Sezgin Ilgi, Beliz Tascioglu.
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colleagues not only from our department, such as myself,
but especially encouraged young scientists to come to
Hacettepe. Many visits were enforced by Prof. Taner’s
support; many of us, nowadays-experienced scientists still
remember unforgettable memories at Hacettepe.

The importance of the clinical aspects of anatomy and
teaching anatomy in medical field always remained a prior-
ity in Professor Taner’s scientific and academic career. For
him, science was the most important part of the anatomist’s
work. He always encouraged us for publishing articles in
international journals with high impact factors and fol-
lowed our progress. It was not only a great motivation for
us, but also an effective control system of our studies.

Teaching was also the other important part. I was lucky
to be able to assist him in his lectures for many years. He
was one of the professors, who was able to present almost
any topic of the human body without any prior preparation.
He was using slides of the anatomical atlases spontaneously
during the lecture and he had a wonderful memory about
the anatomical details present inside the slide contents.

All his work, his love to study and to teach was alive in
him until the very end. He would read anatomy from the
latest edition of Gray’s during the nights and the day after,
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would ask us questions from the things he read the previ-
ous night. Although he retired after working so many years
in the field of medical and anatomy education, I often took
his advice due to his experience and passion for Anatomy.
The passion and his spirit influenced so many of us and
encouraged us in becoming a better teacher, better scien-
tist and better anatomist daily.

Professor Taner; thank you for all moments; thank you
for the time we could share together; thank you for being
a personal highlight and unforgettable professor of our
anatomical community. Your vision and multifaceted work
will remain alive in all of us, to inspire us and therefore
extend its light to so many generations to come.
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We were fortunate to have been students in the 1960’s at
Hacettepe University Medical School mainly because
there was a spirit of compassion in every educator then.
After graduation and specialty training we had a chance to
work together as colleagues for many years with these out-
standing educators. Among these educators Professor
Dogan Taner was in a special position as a role model
being a prominent educator, educationalist and adminis-
trator for all students.

As an Educator

As an educator Dr. Taner in the mid sixties taught us
anatomy very enthusiastically and to learn in depth for our
tuture carrier. He always acted as he preached his princi-
ples. He was a very strict educator, with discipline being
his priority. But he was very affectionate, tender hearted
and sincere to the students. We had always to be alert dur-
ing his lectures or at the anatomy lab. In his lectures he
impressed us as he taught functional anatomy in an inter-
active manner. Briefly we would like to state that he was a
very good “role model” for us as an educator.

As an Educationalist

As a medical educationalist, he was one of the main leaders
in Turkey to make a reform in medical educaton. In the six-
ties he was the pioneer to implement a system-organ based
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curriculum at Hacettepe
Medical School. With his
efforts system-organ based
curriculum gained popular-
ity in Turkish medical
schools. He was one of those
who implemented the con-
cept of integration into
medical education. After his
retirement he continued his
efforts to improve the qual-
ity of medical education in
Turkey as a consultant in
the Higher Educational
Council.

Figure 1. Dogan Taner in his young
ages.

As an Administrator

Initially he served as a Dean in the School of Health
Sciences and later at Hacettepe University School of
Medicine for a period over ten years. He combined his
expertise as an educationalist with his administrative ability
to improve the quality of medical education. As an admin-
istrator he was always devoted, fair and principle oriented.

We would like to stress that Dr. Taner was a good “role
model” for us as an educator, educationalist and adminis-
trator. His efforts will be profoundly remembered as his
students continue to practice or teach medicine.
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Dogan Taner was one of the strongest representatives of
the Hacettepe school ecole. He was disciplined, decisive,
fair person abiding by the rules.

He was one of the best person who prepared the
bylaws of Hacettepe Faculty of Medicine and put them
in practice in its founding years. He always invited
myself to help him and contributed me in writing these
legislations. I was very young at those times and had got
angry with him thinking that these were not my business.
But then I realized that his intention was teaching me
how to prepare bylaws and regulations, how to interperet
them and how important to use even a single word.

Dogan Taner was an excellent manager. He made fair
decisions and was equal to everyone. He had own unique
features. He obeyed the rules, he did not compromise, but
the truth was that he was one of the student-friendly man-
ager ever. Other teachers always used him. Since no one
dared to want anything from him, the others would tell as
they cannot do anything since he asked.

I learned a lot from him as my teacher and it used this
knowledge all through my life. Most of all, I learned how
to react without losing manner, to stay calm and not
make decisions in anger and be stoical.
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My teacher Dogan Taner
was a very good educator.
He wrote more scientific
articles about education than
anatomy. Most of his articles
were on the integrated sys-
tem.

Everyone respected him
because he was respected and
powerful. His friends would
trust him and say, “Dogan
knows and does it”.

He had a very good
archive and kept everything.
We were preparing a booklet
in the 30th anniversary of the University. For this, I had
to find the official newspaper of Hacettepe University
announcing its foundation; but I couldn’t be able to find
anywhere. When I told this problem to him, he just took
that newspaper from one of his files and gave it to me.

Figure 1. Dogan Taner, before his
retirement.

Although he look very serious and seems to keep his
distance, he was possessed of both humor and wit.

I wish God's mercy on my teacher. May him rest in
peace.
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Prof. Dr. Dogan Taner held many administrative
positions including deanship for the longest period
(1981-1998) in Hacettepe Medical School for many
years. He shaped the mission and vision of the medical
faculty. He always prioritized the qualified graduate and
postgraduate education. As medical students that attend-
ed his anatomy lectures we were very lucky. He was a
very impressive and extraordinary person. He was an idol
for many young medical students and fellows of anato-
my. It was the first time that he was calling us as ‘doctors’
in second year of the medical school. And we calling him
as “Prof. D'T” or just “DT”. His name was mentioned a
lot by our peers and they were telling that his lectures
should not be missed, but it is good to wear black or
white, avoiding colorful things. We understood the rea-
son why, once we attended his lectures.

He was one of the unforgettable figures among our
lecturers. No-one can forget the entrance moments of
him to the amphitheater to give his lecture. Those
amphitheaters, at those time; red and green lecture halls,
which is now the cultural center of Hacettepe
University, were always dark to have good projection
inside making the atmosphere even more spiritual.
These moments are of like a divine ceremony. With his
black long cloak on his shoulders, followed by the
research assistants; one carrying his long stick, the other
carrying his lanternslides, he was walking in slow steps
from back entrance to the front and greeting the stu-
dents who are sitting at the first seat of each row. He had
such a different and special aura that affected everyone.
All of the other faculty members and research assistants
of Anatomy Department were joining to his lectures and
sitting at the front row. Once he has started his lecture,

Figure 1. Prof. Dogan Taner (1930-2021), Professor of Anatomy and
Chairman, Department of Anatomy, Faculty of Medicine, Hacettepe
University, Ankara, Turkey.

no one would say a word and carefully listen not to lose
any word spoken by him. He would tell the upcoming
slide number and the page numbers from Carpenter
textbook, Netter or Sobotta before the assistant change
the slide. Since he was not just telling the structure; he
had always had a clinical history or a case to be told relat-

ed with the subject. We learned anatomy from him in
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such a way that we were aware of what we learn and why.
There was no way to come to his lectures un-prepared.
Because he liked to involve us to his comments and
enjoyed discussing and talking with us. He always asked
questions making us to analyze and interpret what we
learn. He would raise a friend of ours by saying “You;
Mr. Doctor, in the red shirt 2 row from the back, can you
please answer this question?” After asking his name,
where he was from, what his mother and father did, he
would ask a very different and difficult question for us at
that time, for example about how the proximal and distal
parts of a femoral neck fracture would move due to a
mid-shaft femoral fracture in a vehicle accident. In the
following lessons, most of our classmates preferred to
wear unobtrusive colors. However, he would remember
our names once he learns, and he would ask by saying
“Dr. Ilkan even though you are in black t-shirt now, I
recognized you and I would like to listen your com-
ments” His questions that he asked in our classical exams
were always tricky. It was not possible to answer them
without fully understanding the subject. His style may
considered as “scary” at those years when we were
young, but we than realized that his approach thought us
that “anatomy” forms the basis for the practice of medi-
cine and is much more than just memorization of list of
names. We realized at early years of our medical educa-
tion that the network of information needed to visualize
the position of structures and an understanding of anato-
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my contributes to all areas of medicine making it far
beyond simple memorization.

He was one of the professors that is excited about
teaching and integrating the basic sciences with the clin-
ical practices. He had the experience and enthusiasm
about planning the clinical anatomy lectures which
would be the first among medical faculties. As a mentor
he will be remembered with his emphasis on clinically
applied interactive anatomy lectures, giving importance
to learning a foreign language and studying regularly.
Except for the education, he attached great attention to
research. His passion about a good medical student was
studying regularly and being punctual.

Although he was an academician who studied cardiolo-
gy in the USA, he chose basic sciences, morphology as it
was then called, with the will and insistence of Hocabey
(Prof. Thsan Dogramaci M.D., founder of Hacettepe
University), and continued his duty as the dean of
Hacettepe University Faculty of Medicine as a professor of
basic medical sciences for a very long time. Although we
never worked with him due to his retirement, he has always
been with us as our founding teacher at department’s
meetings and gatherings.

We are proud to be his students and more proud to
became his colleagues at the end. He was such a great
role model and he will always be kept in our memory as
an influential mentor and a great anatomist.

Correspondence to: Nihal Apaydin, MD, PhD

Department of Anatomy, Ankara University School of Medicine,
Sihhiye 06100 Ankara, Turkey

Phone: +90 312 595 82 48

e-mail: napaydin@gmail.com

Conflict of interest statement: No conflicts declared.

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs 4.0 Unported (CC BY-NC-
ND4.0) Licence (http://creativecommons.org/licenses/by-nc-nd/4.0/) which permits unrestricted noncommercial use, distribution, and reproduction in any
medium, provided the original work is properly cited. How to cite this article: Firat A, Tatar I, Apaydin N. Being students of Professor Dogan Taner. Anatomy

2021;15(1):97-98.

Anatomy e Volume 15 / Issue 1 7 April 2021



Table of Contents

Volume 15 / Issue 1/ April 2021 (Continued from back cover)

Protective role of sildenafil citrate in isoniazid-rifampicin induced histomorphological
changes in liver of albino mice
Najma Hameed, Khalid Farooq

Numerical variations and localization of foramen spinosum in 3D-CT images
Yadigar Kastamoni, Ahmet Dursun, Veysel Atilla Ayyildiz, Kenan Oztiirk

Morphometric evaluation of nasolacrimal duct
Burcu Ercakmak Giines, Alper Vatansever, Deniz Demiryiirek, Ekim Giimeler

Teaching Anatomy

The contribution of plastinates to teaching complex anatomy of the heart
Giines Aytag, Eren Ogiit, Rahime Sekerci, Sezgi Giircay, Nurettin Oguz, Muzaffer Sindel

Review

Lungs and hypoxia: a review of the literature
Mustafa F. Sargon

Case Report

Communicating vein between the right external and internal jugular veins: a case report
Eleni Patera, Abduelmenem Alashkham

Viewpoint
Fireproof plastinates
Okan Bilge, Servet Celik

Obituaries

In dedication to Dogan Taner (1930-2021)
Deniz Demiryiirek

Eulogy for Professor Dogan Taner
Iskender Sayek, Erdal Akalin

My dear teacher Professor Dogan Taner
Nedim Sezgin Tlgi

Being students of Professor Dogan Taner
Aysegiil Firat, Tlkan Tatar, Nihal Apaydin

On the Front Cover:

52

59

64

69

76

84

88

91

95

96

97

Prof. Dogan Taner (1930-2021), Professor of Anatomy and Chairman, Department of Anatomy, Faculty of Medicine,
Hacettepe University, Ankara, Turkey. From Firat A, Tatar I, Apaydin N. Being students of Professor Dogan Taner. Anatony

2021;15(1):97-98.



ana

Table of Contents

Volume 15 / Issue 1/ April 2021

Editorial

What 2021 takes and what it brings iii
Nihal Apaydin

Original Articles

Investigation of the moderate toxicity of agricultural pesticides cyantraniliprole,
boscalid and spiromesifen in vitro using neurotoxicity screening test 1
Emine Miige Karakayali, Duygu Kekeg, Tuna Onal, Ibrahim Tuglu

In silico transcriptomic analysis of ascending colon cancer unearths known and
novel genes and gene sets regard to characteristic features of colon cancer 11
Can Tiirk

Three-dimensional muscle architecture of the infant and adult trapezius:

a cadaveric study 26
Mikaela L. Stiver, Luke R. Bradshaw, Ethan M. Breinhorst,

Anne M. R. Agur, S. Ali Mirjalili

Perforator flaps based on the deltoid branch of the thoracoacromial artery:

anatomical study 36
Philippe Manyacka Ma Nyemb, Christian Fontaine, Véronique Duquennoy-Martinot,

Xavier Demondion

Morphometry of the hyoid bone: a radiological anatomy study a4
Ahmet Dursun, Mehtap Ayazoglu, Veysel Atilla Ayyildiz, Yadigar Kastamoni,
Kenan Oztiirk, Soner Albay

(Contents continued on inside back cover)

deomed.



	000a_Kunye
	000b_Ilksayfalar
	000c_editoryal
	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016



